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Abstract: In the Covid-19 pandemic, people have been very concerned about the safety and are avoiding crowded places like hospitals. An online telemedicine web-based technology can help to overcome this situation. This paper presents an online telemedicine system that helps to promote collaboration between doctors, hospitals, and patients. The system allows doctors to serve patients from remote areas. The system also allows both doctors and patients to communicate through video calls or text messages. Patients using the system can store information about their health, search for doctors, and consult medical professionals using text messages and video calls. Doctors can also register to serve patients, but they must ensure authenticity through registration. Doctors can write blogs, provide prescriptions, and can view the medical history of the patient. Hospitals can assign doctors in the respective departments. The system is tested in a lab environment. The system is fast and reliable with a user-friendly interface, enhancing telemedicine services countrywide for people with online access.
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1  Introduction

Telemedicine allows doctors to serve patients remotely through technology. It requires electronic messages and applications to provide patients with healthcare without an in-person visit. This service can be used for follow-up appointments, drug management, the provision of expert advice, and various other health services via secure video and audio communications [1]. In the current Covid-19 pandemic situation, telemedicine is one of the most important platforms to provide healthcare services.

A web application is a program that makes use of web browsers and web technologies to perform web activities. Web applications use a mix of server-side scripts to manage information storage and retrieval and client-side scripts to provide useful information [2].

Bangladesh is an overpopulated country, where finding a doctor to provide appropriate treatment is challenging [3]. An estimated 10 million people in Bangladesh have diabetes, and almost 1 in 10 adults in Bangladesh are diabetic [4]. A study showed that around 30%–35% of the population in Bangladesh suffers from heart diseases [5]. In 2017, the Bangladesh Health Facility Survey revealed that more than 70% of rural healthcare facilities do not have all six necessary needs [6]. First, very few specialized doctors are available for the sizeable population. Second, it is challenging to receive proper treatment because there are very few treatment options due to the absence of specialized hospitals or doctors in many areas, especially in rural locations. People travel to cities, like Dhaka, for better treatments, which can be costly and time-consuming. The traffic and road conditions are poor, which also hinder people from receiving proper treatment. Patients may have to wait for a month or two to get an appointment with a doctor. In emergencies, it is hard to obtain proper treatments on time, which in many cases leads to fatalities.

In Bangladesh, there are an estimated 3.05 physicians per 10,000 population and 1.07 nurses per 10,000 people (estimates based on Ministry of Health & Family Welfare, Bangladesh Secretariat, Human Resources Development Unit, 2011) according to the “World Health Organization (WHO). About 28% of the treatments provided in government health facilities comprise alternative medicine [7]. Infectious diseases are a major cause of death and disabilities in Bangladesh [8]. The healthcare system of Bangladesh largely relies on the government or the public sector to manage and develop general strategies and service delivery structures [9]. The country currently has only six doctors for every 10,000 citizens. This is problematic because about 64% of the population reside in rural areas and face difficulties accessing healthcare services [10]. Moreover, due to this shortage, people face very long queues at healthcare facilities, and each appointment’s duration is limited.

A study on human resources in the healthcare sector describes the challenge. Bangladesh still has a significant shortage of more than 60,000 physicians (currently 31,000 physicians) and has only around 140,000 nurses [11]. Bangladesh has one of the worst nurse-physician ratios. The study concluded that almost 80% of communities in the country are still finding their first line of care from informal health care practitioners who are conventional healers, faith healers, and community health workers [12]. In the current healthcare systems, absenteeism, inefficiency, and corruption are also seen (Brac University, 2009; New Age 2008). In addition, 90% of children suffer from acute respiratory infection or diarrhea [13]. Bangladesh, therefore, has a shortage of over 60,000 doctors and 280,000 nurses [14].

Telemedicine is a much-needed service for most people. However, sometimes, individuals face problems when they directly visit a hospital. The more common issues are time-consuming traffic jams, poor conditions of roads, unavailable transport, the critical situation of the patient’s health, difficulties due to a large number of people, and constraints due to the coronavirus pandemic.

The COVID-19 virus is currently spreading rapidly in all areas of Bangladesh [15]. As a result, the government has closed schools, colleges, and many others. Telemedicine and telehealth technologies are highly effective in pandemic situations when health officials consider implementing social distancing programs [16]. Online telemedicine services are, therefore, needed.

Online telemedicine service is not a new concept. Many telemedicine services exist worldwide, including some that are particularly renowned. Developed countries had introduced telemedicine over the past decades and have utilized these services to serve their patients countrywide effectively.

Practo works as a gateway for doctors. It allows users to book medical appointments or consultations at hospitals, obtain insurance, store health records, or prescribe medicines through its mobile applications and website to seek medical assistance via video calling. In addition, patients can quickly consult with a doctor and receive prescriptions [17].

Lybrate is a healthcare and delivery service system. It helps the patient to connect with doctors. After successful registration, users can manage their accounts. They can make an appointment with a specialist doctor based on their preferences and consult with the doctor via video calls. It offers a wide range of services to both patients and doctors [18].

Medlife serves the health needs of patients with online consultation and health record storage services. The system also includes online digital payment through a partnership with another service. In addition, patients can consult with a doctor via video-calling after booking an appointment [19].

MeMD offers users an easy way to establish an account. After the account is activated, the patient can contact a nurse practitioner or physician directly via webcam. In addition, patients can consult with a doctor from any place via video-calling [20].

MDlive is an online telemedicine service provider in the USA. It helps the patient to find a doctor from any location and provides 24/7 healthcare services through its websites. Patients can easily connect with the doctor using the system via video calls. In addition, doctors can deliver prescriptions to patients according to the healthcare needs [21].

The first telemedicine system emerged in Bangladesh [22] in mid-1999. To date, there do exist some online telemedicine services in Bangladesh.

iClinic is a medical second opinion platform where users can get medical advice from doctors. A patient can consult with professional doctors through an appointment and interact with the doctor through video-calling [23]. However, the user interface is not user-friendly, and the service needs improvements.

Telemedia is a system that offers a blood test and treatment. Here, a patient can consult with a professional through chat. They choose a relevant specialist after the information has been collected. Following an appointment, a patient can consult a registered doctor through video-calling and text messages [24].

The Tonic Doctor system provides a platform for telemedicine services. Patients can consult a doctor over the phone and via video calls after an appointment [25]. However, the system is not user-friendly for general use.

Daktarbhai is a telemedicine system that provides online-based doctor appointment services. Patients can consult a doctor through video calls and store their personal health information. Patients can also monitor their day-to-day health conditions [26]. The system response time is relatively low.

The Sebaghor system helps to find a list of doctors and hospitals. A patient can subsequently make an appointment with the doctor they prefer. There are three registration types: one can register as a doctor or as a patient or hospital. Patients can connect with the doctor through video-calling [27]. However, there are no emergency services offered, and most people find the service charge to receive a treatment high.

Some telemedicine services also exist in towns, but they provide services that need improvement in most cases. Most of the interfaces are not user-friendly, while some of them are not affordable for most people. They also have no emergency services. These constraints re-emphasize the need to develop a user-friendly web-based system. Such a system should be very fast and reliable in comparison with other telemedicine services. Ideally, it should also provide 24/7 emergency consulting services with a qualified doctor through text messages and video calls.

The remaining sections of this paper are as follows: Section 2 discusses the methods and methodology; Section 3 presents the results and analysis; and in Section 4, the conclusion is provided.

2  Methods and Methodology

The Twilio Application Programming Interface (API) is used to develop a video-calling system. The SSLCOMMERZ API is used for the payment gateway. In Bangladesh, SSLCOMMERZ is the payment gateway for merchants to collect payments on the internet. Clients can purchase products online using credit cards and bank accounts [28]. The Google Map API and Google Geocoding API are used here to determine the location of doctors. Ajax and JavaScript are used for real-time text messaging. Structured Query Language (SQL) and Hypertext Pre-processor (PHP) have been used for databases and database connection. HyperText Markup Language (HTML), Cascading Style Sheets (CSS), JavaScript, and Bootstrap have been used for the front-end design.

2.1 Block Diagram

The entire block diagram of the proposed web application is shown in Fig. 1. The web application helps people to consult with a specialized doctor for remote treatment.

The online telemedicine system consists of three user roles and administration. A user can sign in as a patient, doctor, or hospital. Patients can access the doctor lists, search for doctors after registration, and make an appointment with a doctor through video calls from remote areas.

Patients can also interact with the doctor via text messages and voice calls and store and edit their medical information in the system. A doctor can access the medical history of any patient. Doctors can also provide prescriptions to their patients. A hospital can add doctors and their departments after registration to ensure authenticity. An administrator can manage all the data available in the system and can accept or reject user registration. A user profile is automatically created by the system for every user based on the information provided by the user during registration. If needed, they can update information.
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Figure 1: Block diagram of proposed online Telemedicine System

2.2 Entity Relationship Diagram

The entity-relationship diagram, which portrays the structure of the existing system database, is shown in Fig. 2. It shows how entities, like a patient, doctor, hospital, blog, department, or administration, are connected.
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Figure 2: ER diagram of the telemedicine system

2.3 Use Case Diagram

The use case diagram depicting the characteristics of the telemedicine system is shown in Fig. 3. It represents the interaction of the user with the system.

2.3.1 Use Case Diagram for Patients

In this web-based application, patients from remote areas can interact with a qualified doctor. They can consult a doctor through video calls and interact with the doctor through text messages and voice calls. In addition, patients can view the complete list of doctors and search for doctors. In case of an emergency, they can also consult doctors at no cost through our emergency service.

2.3.2 Use Case Diagram for Doctors

Doctors can easily connect with patients using the telemedicine application. A doctor can provide treatment and diagnose patients through video calls from remote locations. Doctors can also write and maintain a personal blog to help patients learn about essential healthcare. A doctor can also provide prescriptions to patients according to their needs and consult the patient’s medical history.

2.3.3 Use Case Diagram for Hospitals

Hospitals can add a doctor to the existing list of doctors to better treat their patients through the telemedicine web application. A hospital can add the doctor department-wise, which helps patients to find their doctors easily. Hospitals can also monitor the appointment of doctors.

3  Results and Analysis

3.1 Database

The web application is connected to a database. The database contains many tables to store data and to connect it with the website. All data issued for users, doctors, and hospitals can be reserved by the website and observed via the administration panel. The site is fully secure, and only the administration panel members can check and verify users’ information. In addition, registered users can check their activity history, which is required to maintain the database. The database has been developed using Php My Admin and MySQL.
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Figure 3: Use case diagram of the telemedicine system

3.2 Web Application Functionalities

The web application has been developed using HTML, CSS, JavaScript, and Bootstrap. PHP was used for the database connection.

3.2.1 Landing Page

The opening page of the website is shown in Fig. 4. Users can view the doctors, hospitals, departments, and patients as a count on the opening page without logging. The page allows anyone to see the content. If one finds a service of interest, the user can create an account for further activity. One can also view the blogs and frequently ask questions through this landing page. It is the most important web page because all other services are provided mainly from this page.
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Figure 4: Landing page of the proposed web-based telemedicine system

3.2.2 Login

The log-in page is shown in Fig. 5. Users can use the telemedicine service by operating the user interface for applications. If the user provides the wrong username or password, the login process fails. The system also provides the option to obtain a new password if the original one has been forgotten. The users must provide some information to validate their registration. If there is an information match, they can change their password and log in to the user interface.
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Figure 5: Login page for users

3.2.3 Registration

Hospitals must be registered via the website, and the registration process is the same as that for patients and doctors (Fig. 6). Specific information is needed for registration. For patients, a verification code is sent to the email provided by the user. Users must provide the correct code to confirm the registration process. For doctors and hospitals, registration numbers are verified via the administration panel. A doctor or hospital registration is complete only after confirmation by the admin.
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Figure 6: Registration page for hospital

3.2.4 Patient User Interface

The patient user interface (UI) is shown in Fig. 7. It has been designed so that patients can view the full list of doctors, hospitals, and departments. After a successful login, users can search for a specific doctor by name for quick action, make an appointment with a doctor, see medical history and health information, and connect with a doctor via text messages and video calls. Prescriptions made by doctors are available to users, which can also be downloaded and printed for further use. All essential information is stored automatically after every service usage. Users can also avail free emergency services via the web application.
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Figure 7: Patient user interface

3.2.5 Doctor User Interface

The doctor UI is shown in Fig. 8. The interface has been designed so that doctors can view their patient lists, upcoming appointments, personal blogs, and the medical history of patients. If needed, they can contact a patient for further treatment through video calls or text messaging. In addition, a doctor can make prescriptions and can also write blogs. Blogs are open for viewing by users.
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Figure 8: Doctor user interface

3.2.6 Hospital User Interface

The add doctor process from the hospital end is shown in Fig. 9. The hospital UI has been designed to regulate the telemedicine services mentioned hereafter from the hospital user end. The hospital can view the list of all doctors. If any doctor is to be added to their service, the “doctor addition” step is needed. The hospital can view all their patients and their assigned doctors. It can also view the prescriptions given by each doctor and can manage text messages and video calls. The hospital can also write blogs on its behalf.
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Figure 9: Add doctor from hospital user interface

3.2.7 Blog

The blog writing process is shown in Fig. 10. Users can receive relevant information from blogs. Any website viewer can see the blogs, but hospitals and doctors can only see their respective blogs. The blog page is designed in such a way that doctors can quickly write and manage blogs. Hospitals can also write blogs. In the blog, hospitals can include relevant content and attract new clients.
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Figure 10: Doctor writing blog

3.2.8 Appointment

The appointment process is shown in Fig. 11. Appointments are needed to avail healthcare services. It helps to provide services on time. Users can know the time and date of consultation when making an appointment. They can log in and interact with the doctors through text messages or video calls on the appointment date. Patients can also make an appointment with a doctor after registration and can choose a doctor. They can select their preferred doctor after choosing a department. Patients can also decide on the meeting platform to connect with the doctor through a successful appointment system. Payment is needed for a successful appointment. Otherwise, the appointment will be canceled automatically after a specific time.
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Figure 11: Make an appointment with a doctor

3.2.9 Emergency Services

Users can avail of emergency support when needed (Fig. 12). The service page has been designed to include emergency help, like audio calls, video calls, and ambulance service. Video calls are needed when patients cannot visit a hospital or a doctor’s clinic but need immediate help. They can contact doctors directly. If they need to see the patient, the doctor can do a video chat with the patient. The system also provides a messaging service. The lack of proper medical advice could potentially lead to severe impairments or fatalities. If patients can get helpful information, it may help them to survive a critical moment.
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Figure 12: Emergency services

3.2.10 Text Messages

Patients can chat with a doctor when the doctor is online after booking an appointment (Fig. 13). They can ask questions about their health through real-time text messages. If a user, for some reason, is unable to interact with the doctor via video calls, they can easily make contact through text messages. In cases where the network is not stable, text messaging is more efficient. Communication with doctors is easier because text messages do not need to require high internet speed or strong network connectivity.
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Figure 13: Chatting with doctor

3.2.11 Video Calls

The video-calling process is shown in Fig. 14. Video calls are usually used for meeting purposes. Doctors need to see their patients for better treatment. Patients can connect with a doctor through video calls after booking an appointment. On the appointment date, doctors will create a room, and patients must join that room before they can meet each other. Doctors can quickly review all the health-related concerns of a patient and consult via video calls. The Twilio Application Programming Interface (API) has been used to develop this video call system. Twilio is an API that offers various kinds of services. It supplies rest APIs and software APIs for developers to interact with or make video calls or immediately synchronize data between two customers. It allows video calls to be conducted through web applications [29].
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Figure 14: Video calling system

3.2.12 Admin User Interface

The administrator can manage user data from the administration panel interface (Fig. 15). Only specific members declared as an administrator can log in to this system. By logging into this interface, the administration panel will verify the registration of the doctor. Only after the signing in the process of the doctor is completed will the hospital registration take place. A doctor can be removed at any time from the administration UI if they do not comply with the system policy, and a new doctor can be added. The administration can also add or remove any hospital and check the hospital list with essential details.
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Figure 15: Admin user interface

3.2.13 PDF

Doctors can provide prescriptions as PDF files (Fig. 16). PDF is the most useful format for storing composed data. An FPDF API has been used for the PDF service. Doctors can write prescriptions, and the reports are converted to PDF format automatically. Patients can view the prescriptions provided by their doctor on the web application. Patients can easily download the PDF of the prescription and can send it via email or print it out.
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Figure 16: Prescription PDF

3.2.14 Payment Gateway

The payment gateway for patients is shown in Fig. 17. Patients can easily book an appointment with a doctor after successful payment. There are various payment options, like debit or credit cards, mobile banking, and internet banking. The prescription or consultation fee per session depends on the qualification and specialization of the doctors. The consultation fee varies from 300 Bangladeshi Taka to 500 Bangladeshi Taka. The SSL COMMERZ API was used for the development of the payment option.
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Figure 17: Payment gateway

3.2.15 Google Map

Patients can view a doctor’s location using the Google map, as shown in Fig. 18. The map allows users to find doctors from the map. The Google map API and Google Geocoding API were used for the development of the map. The Google Geocoding API automatically takes the address of the doctor from the database, calculates the latitude and longitude, and puts the marker on the map with the name and specialty of the doctor. Users can customize the view option according to their preferences. As a result, the map shows the location of the doctors accurately.
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Figure 18: Doctor location from Google Map

4  Conclusion

In Bangladesh, the availability of healthcare is one of the significant challenges. Few qualified doctors serve the population. In many cases, people wait for a long time to consult qualified doctors, and this service is also very costly. In this paper, a web-based online telemedicine system is presented. The web application allows users to connect with the desired doctors, permits doctors to make prescriptions for patients, and allows hospitals to monitor the registered doctors and count the number of patients using the system. People can easily connect with a qualified doctor through this system, countrywide. Patients can quickly get prescriptions from a doctor via video calls. The system provides a user-friendly, fast, and reliable interface. People can book doctor consultations and get prescriptions while staying at home with the help of this system. In the future, this system can be improved and modified in several ways. The application can be used to ensure access to reliable telemedicine services countrywide. This would be particularly useful to help people in rural areas receive better treatments.
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Prescription
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