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INTRODUCTION

In the dynamic healthcare sector, enhancing patient flow and minimizing administrative impediments is crucial.
Conventional queue management frequently results in prolonged wait times and inefficiency. This study examines a
bespoke Patient Management System that utilizes contemporary web technologies to enhance patient intake,
scheduling, and communication among stakeholders. The system has modules for receptionists, patients, and
physicians, incorporating integrated billing and real-time appointment monitoring. Conventional outpatient
processes are plagued by extensive lines, erratic wait times, and administrative impediments. A study conducted by
Ahmad et al. (2017) [1] indicated that average wait times in numerous primary care clinics above 40 minutes. Our
PMS mitigates these difficulties by.
e Automated Appointment Lifecycle—Each state transition, from “Pending” to “Completed,” is recorded with
a timestamp.
¢ Role-Based Dashboards—Customized user interfaces for receptionists, physicians, and patients to minimize
cognitive burden.
e Dynamic Queue Reprioritization—Conditional FIFO protocols automatically prioritize crises or follow-ups.
e Integrated Reminders—SMS and email notifications decrease absenteeism rates.

The technology offers real-time status updates allowing patients and staff to see live status changes like "In
Consultation" and "Waiting for Tests," hence increasing transparency. Improving patient flow and reducing
administrative barriers is vital in the competitive healthcare industry. Traditional queue management can lead to
inefficiency and extended wait times. This paper looks at a custom Patient Management System (PMS) using modern
online technologies to improve patient intake, organizing, and interacting with stakeholders. With integrated billing
and real-time appointment monitoring, the system offers modules for doctors, patients, and administrators. Often,
traditional OPD therapies are marred by long lines, unpredictable wait periods, and administrative obstacles. Average
waiting times in several clinics, according to Ahmad et al. (2017), exceeded 40 minutes. An Automated Appointment
Lifecycle helps our PMS to solve these challenges. Exact timestamps track every movement from "Pending" to
"Completed," hence guaranteeing traceability and efficiency. The system offers Role-Based Dashboards, which enable
distinct user experiences for receptionists, doctors, and patients.
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LITERATURE SURVEY

Improving patient flow and lowering administrative obstacles are critical in the ever-changing world of modern
healthcare. Traditional outpatient processes, characterized by manual processes and fragmented communication,
lead to long lines, unpredictable wait times, and increased stress on healthcare providers. The inefficiency of
conventional queue management strategies was highlighted by Ahmad et al. (2017), who found that average wait
times in primary care clinics frequently exceed 40 minutes.
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Fig 2.1: Basic Architecture of System

This study introduces a specially designed Patient Management System (PMS) that makes use of modern online
technologies to maximize real-time stakeholder interaction, billing, dynamic scheduling, and patient intake. Patients,
physicians, and receptionists can all access the system using a role-based approach, and each has a personalized
dashboard for simple user interaction and workflow optimization [1].

The main traits of PMS include:
e Automated Appointment Lifecycle: Real-time timestamps ensure traceability as each appointment moves
through multiple states (such as pending, confirmed, in process, and completed).
¢ Role-Based Dashboards: Personalized user interfaces reduce cognitive load and boost output for all users.
¢ Dynamic Queue Reprioritization — A conditional FIFO system based on rules gives real-time priority to cases
like follow-ups.

Symbol

Definition n context of PMS)

Calculation

Number of patients currently in the system
(walting or being
served)

Contextual (observed or
simulated value)

Average arrival rate of
(patients per hour)

Measured or system-configured

Average service rate (patients served per hour by a
doctor)

p =1/ (average consultation
time)

P System utilization rate (doctor load) p=A/p
Average waiting time in queue (before seeing the _ .
Wa doctor) Wq=p/(u-1)
Ws Average total time a patient spends in the system Ws=1/(p-A)
Lg Average number of patients waiting in queue Lg=(pxA)/(p-A)
Average number of patients in the entire system
Ls (queue + Ls=A/(p-A)

service)

Table 2.1: Parameters for Calculation

An integrated notification system that reduces no-show rates and improves communication effectiveness through
email. Several theoretical frameworks from the field of healthcare informatics served as the foundation for the
development. [2] We conducted an extensive evaluation of patient flow and wait times prior to and during the
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implementation of our Patient Management Token System (PMS) at various healthcare facilities. Interviews,
organized surveys, and system usage logs all showed a notable decrease in wait time and increase in administrative
efficiency. The shift to the PMS from semi-digital or manual systems has obvious impacts, especially in terms of
service turnaround time and queue optimization.

Quantitative data from real-time logs revealed a decrease in outpatient wait times by roughly 45% to 70% across all
participating sites. This decline is largely due to automated appointment lifecycle, dynamic queue management with
priority tagging, and real-time notification features reducing idle wait times. (Ahmad, 2017) [1] These results are
consistent with the system-generated timestamps that were recorded for each state transition, from appointment
approval to completion, indicating that the patient was optimal. Moreover, based on qualitative comments from
healthcare professionals, the removal of pointless administrative duties—especially those related to patient record
retrieval and appointment authorizations—greatly enhanced operational efficiency. Moreover, qualitative comments
from healthcare professionals indicate that operational efficiency was significantly enhanced by the removal of
unnecessary administrative duties especially those related to patient record retrieval and appointment
authorizations. The receiving dashboard allows combined access to pending and approved appointments by means
of real-time patient tracking by doctors, therefore lowering patient backlog and enhancing throughput. [3] Moreover,
qualitative comments from healthcare professionals indicate that the removal of unnecessary administrative duties
especially those related [ to patient data retrieval and appointment authorizations greatly enhanced operational
efficiency.

The receiving dashboard allows combined access to pending and approved appointments by means of real-time
patient tracking by doctors, therefore lowering patient backlog and enhancing throughput. One should remember
that the mentioned changes could differ depending on institutional size and infrastructural development. Facilities
with a smaller patient base had higher percentage increases due to previously unregulated or manually controlled
lines. [3] Conversely, larger hospitals with partially digital systems prior to PMS integration experienced quite minor
changes since baseline efficiencies. Notwithstanding these positive outcomes, some restrictions remain.
[2]Expanding the dataset across different geographic and demographic areas should enhance statistical significance
even further, despite our reliance on comprehensive usage records and comments from many roles’ doctors,
administrative staff, patients. Moreover, the efficiency of appointment flow could vary based on the demand of
specialist departments, resource availability, and staff training levels. The use of queueing theory and system analysis
in the context of PMS verifies its effectiveness in lowering wait times and enhancing the delivery of healthcare services

Comparison of Patient Flow Metrics Before and After PMS Implementation
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Fig 2.2: Before PMS vs After PMS (Bar Graph)

METHODOLOGY

By dividing issues, the PMS's modular, service-oriented architecture contributes to increased maintainability. The
basic system consists of three primary user modules: doctors, receptionists, and patients- [4]. Through dashboards
and APIs specific to their functions, each of these modules communicates with the system.
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e Following a consultation, patients can examine real-time status updates, schedule appointments, access
electronic health records (EHR), and provide comments.

e Receptionists manage lines, verify patient data, assign doctors, and monitor unscheduled or past-due
appointments

e Doctors may view visit records, manage patient queues, enter clinical notes, and mark appointments as
complete or needing follow-up. [5]
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Fig 1.1: Application flow

The Backend Architecture

e The backend, built with Node.js and Express.js, controls routing, authentication (using JWT), and all
business logic.

e Role-based access controls (RBAC) are enforced via middleware, and RESTful APIs are accessible from each
module (/appointments, /users, /feedback, and /billing).

e Services can be containerized with Docker for uniform distribution across staging, production, and
development environments. Reverse proxying and load balancing are handled by Nginx.
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Fig: 3.2 Patient Registration

1. Patient Registration Dashboard: - The application offers a simple user registration form which includes
fields such as,

e Full Name
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e Email
e Phone Number

These fields help to create a primary key to identify the user after an appointment is generated.
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Fig 3.3: Appointment Page

2. New Appointment Dashboard: The patient selects the doctor and the appointment time which is appropriate
for the patient to visit.

e The patient can also enter comments/notes which may indicate something personal or something which the
patient wants to convey to the doctor.
e The patient can also upload any previous reports which is to be looked at by the doctor.
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Fig 3.4: Admin Dashboard

3. Admin Dashboard: - At the top, the dashboard welcomes the admin with a friendly message, reinforcing a
user-centric experience. Three key summary cards display the status about the scheduled appointments, pending
appointments and Cancelled appointments.

RESULTS

By providing a simplified, technology-driven solution, the Patient Management System (PMS) created in this project
tackles important inefficiencies in traditional medical treatments. The system improves patient intake, scheduling
appointments, real-time status monitoring, and billing operations by means of modules designed for patients,
receptionists, and doctors. Features such as role-based dashboards, automatic appointment lifecycle tracking, and
integrated reminders greatly enhance administrative efficiency as well as user experience. The PMS not only
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decreases the waiting period for patients but also enables healthcare professionals to provide organized, timely, and
patient-centered treatment by reducing manual processes and maximizing communication between stakeholders.
Ultimately helping to enhance client satisfaction and more effectively clinical results, this system sets the basis for a
more responsive and efficient healthcare setting by means of a modern and intuitive interface supported by strong
backend procedures.
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