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Abstract 

Automation has become a cornerstone of modern software development and business operations. As 

organizations increasingly adopt artificial intelligence and workflow automation, tools that bridge the gap 

between complex AI services and everyday business processes are in high demand. n8n is an open-source, node 

based workflow automation platform that enables users to connect applications, automate repetitive tasks, and 

integrate AI capabilities without extensive programming knowledge. 

This paper presents a comprehensive study of n8n as an AI automation tool. It examines the platform's 

architecture, core components, integration mechanisms with AI services such as OpenAI and LangChain, and 

its applicability across real world use cases. As a primary demonstration, this paper presents a fully 

implemented Doctor Appointment Booking and Cancellation system built using n8n, which integrates Google 

Forms, Google Sheets, Gmail, and Google Chat to automate the complete appointment lifecycle with 

intelligent validation, slot management, and real time notifications. 

The study demonstrates that n8n provides a scalable, extensible, and privacy friendly alternative to proprietary 

automation platforms, with strong support for self hosting and enterprise deployment. Its visual workflow 

editor, combined with powerful code execution nodes and native integrations, positions it as a leading solution 

in the low-code AI automation landscape. 
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1. Introduction 

The rapid advancement of artificial intelligence and cloud computing has transformed how businesses operate. 

Organizations of all sizes now seek to automate repetitive workflows, integrate disparate systems, and embed 

intelligent decision making into their operations. Traditional automation approaches often require significant 

programming expertise and infrastructure investment, creating barriers for non technical users. 

n8n (pronounced 'nodemation') is an open source, fair-code licensed workflow automation platform that 

addresses these challenges through a visual, node-based interface. It allows users to create complex automation 

workflows by connecting nodes that represent individual actions, data transformations, or service integrations. 

Unlike many competitors, n8n supports self hosting, ensuring data privacy and compliance with organizational 

policies. 

Healthcare is one of the domains where automation can deliver significant value. Manual appointment 

management leads to scheduling conflicts, missed communications, and administrative overhead. This 

research demonstrates how n8n can be applied to automate a complete Doctor Appointment Booking and 

Cancellation system handling form submissions, intelligent specialty matching, slot availability checks, 

confirmation emails, and cancellation workflows all without writing a traditional backend application. 
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This research explores n8n's design philosophy, technical architecture, integration capabilities, and practical  

suitability through detailed analysis of the implemented healthcare automation workflow. 

 

2. Literature Review 

Workflow automation has been a subject of significant research and commercial development over the past two 

decades. Early automation platforms such as IBM WebSphere and Microsoft BizTalk provided enterprise 

integration capabilities but required extensive technical expertise and proprietary licensing. 

The emergence of cloud-based iPaaS (Integration Platform as a Service) solutions, such as Zapier, Make 

(formerly Integromat), and Microsoft Power Automate, democratized automation by introducing visual, no 

code interfaces. Research has shown that such platforms significantly reduce development time and lower the 

barrier to entry for automation adoption across business units. 

However, proprietary iPaaS solutions raise concerns regarding data privacy, vendor lock-in, and limited 

extensibility. Studies in enterprise software adoption highlight that organizations frequently seek open source 

alternatives that provide comparable functionality while enabling self hosting and custom development. 

In the healthcare domain, prior work on automated appointment systems has largely focused on traditional web 

application development. Systems built with Django, Node.js, or PHP require dedicated development and 

maintenance teams. Research by Vishwas et al. (2022) demonstrated that low-code platforms could reduce 

healthcare appointment system development time by over 60% compared to traditional approaches, while 

maintaining equivalent functionality. 

n8n has been recognized in practitioner literature and developer communities as a leading open source 

automation platform combining the visual ease of commercial tools with the flexibility of self hosted solutions. 

This paper builds on existing work by providing a systematic evaluation of n8n's capabilities through a fully 

implemented real-world healthcare automation case study. 

 

3. Problem Statement 

Despite the growing availability of automation tools, organizations particularly in healthcare face several 

critical challenges when attempting to implement automated appointment management systems: 

 

Challenge Description Impact 

Manual Scheduling Appointment booking done via phone 

or paper 

Errors, double-bookings 

No Slot Validation No check on doctor availability or 

time boundaries 

Overbooking and 

conflicts 
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Delayed Notifications No real-time email confirmation to 

patients 

Poor patient experience 

No Cancellation Flow Patients cannot self-cancel 

appointments 

Wasted doctor time 

Data Silos Patient and schedule data stored in 

disconnected systems 

Inconsistent records 

Vendor Lock-in Proprietary tools restrict data 

portability and customization 

High migration costs 

 

These challenges highlight the need for an open source, self-hostable automation platform capable of 

integrating forms, spreadsheets, email, and real time messaging into a cohesive automated workflow accessible 

to both technical and non technical users. 

 

 

4. Proposed Methodology 

This research employs a design and implementation methodology combining n8n workflow architecture 

analysis with practical deployment of a real world healthcare automation system. The methodology is 

structured as follows: 

 

 

Research Framework 

 

Phase Activity 

Phase 1 Architecture and feature analysis of n8n platform 

Phase 2 Design of Doctor Appointment & Cancellation workflow 

Phase 3 Implementation of all booking and cancellation nodes 

Phase 4 Integration with Google Sheets, Gmail, and Google Chat 

Phase 5 Testing, validation, and edge case handling 

 

Platform Setup and Configuration 

• n8n deployed via Docker in a self hosted environment on localhost:5678 

• Google Sheets OAuth2 credentials configured for appointment and schedule data storage 

• Gmail OAuth2 credentials configured for automated patient email notifications 

• Google Chat webhook configured for real time staff notifications 

• n8n Form Trigger node used as the patient facing booking interface 

 

Evaluation Criteria 

• Correctness of booking validation logic (date, time, slot availability) 

• Reliability of email notification delivery for confirmations and cancellations 

• Data consistency across Google Sheets (Appointments and Doctor Schedule) 

• Response time from form submission to confirmation email receipt 

• Completeness of the cancellation workflow including slot count restoration 
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5. System Architecture 

n8n follows a modular, event driven architecture designed for extensibility and scalability. Its core 

components interact to execute workflows reliably in both cloud and self hosted environments. 

 

 

Overview of n8n Architecture 

The platform consists of several interconnected layers: 

• Editor UI Layer (Frontend) — Visual drag-and-drop canvas 

• Workflow Engine (Backend) — Trigger evaluation and node execution 

• Node Execution Layer — Individual integrations and logic operations 

• Data Storage Layer — SQLite or PostgreSQL for workflow state 

 

Node Types Used in This Research 

 

Node Type Node Name in Workflow Function 

Form Trigger On form submission Collects patient booking data 

Code Node Select Specialty, Check 

ValidBooking, Check Exists 

Custom JavaScript logic 

IF Node ValidBooking Condition, Check 

InTime, Check Booked slot 

Conditional branching 

Google Sheets Get Doctor, Store Patient Data, Get 

Doctor_Schedule 

Read/write appointment data 

Gmail Send Appointment Confirmed, 

Cancel Appointment 

Email notifications 

Webhook cancel-booking Handles cancellation requests 

HTTP Request Send Confirm/Cancel Google Chat 

Bot 

Real-time staff alerts 

Set Node Update Booked Slote, Get Booking 

Id 

Data transformation 
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6. Case Study: Doctor Appointment & Cancellation System 

To demonstrate n8n's capabilities in a real world context, a fully functional Doctor Appointment Booking and 

Cancellation system was designed and implemented entirely within n8n. This system automates the complete 

appointment lifecycle from patient form submission to confirmation email, slot management, and self-service 

cancellation using only n8n nodes and Google Workspace integrations. 

 

 

6.1 System Overview 

The workflow consists of two parallel automation pipelines: the Booking Pipeline triggered by a patient form 

submission, and the Cancellation Pipeline triggered by a cancellation webhook link embedded in the 

confirmation email. 

 

 

Component Technology Used Purpose 

Patient Booking Form n8n Form Trigger Node Collect patient details, health 

issue, date & time 

Doctor Database Google Sheets (Doctors Sheet) Stores doctor names and medical 

specialties 

Schedule Database Google Sheets 

(Doctor_Schedule Sheet) 

Stores doctor availability, slots, 

and booked count 

Appointments Database Google Sheets (Appointments 

Sheet) 

Stores all confirmed and cancelled 

appointments 

Confirmation Email Gmail Node (OAuth2) Sends booking details + 

cancellation link to patient 

Cancellation Trigger Webhook Node (cancel-

booking) 

Receives cancellation request 

from email link 

Staff Notification Google Chat Bot (HTTP 

Request) 

Notifies clinic staff of new 

bookings and cancellations 

 

6.2 Booking Pipeline Step-by-Step Flow 

The booking pipeline is triggered when a patient submits the n8n hosted booking form with their name, email, 

health issue, preferred date, preferred time, and phone number. The workflow then executes the following 

sequence of operations: 

 

 

Step Node Operation 

1 On form submission Receives patient form data (name, email, health issue, 

date, time, phone) 

2 Check ValidBooking JavaScript: validates that the selected date is today or 

tomorrow; rejects past time slots for today 
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3 ValidBooking Condition IF: routes to booking flow if valid; sends invalid 

date/time email if not 

4 Select Specialty JavaScript: maps health issue keywords (tooth, heart, 

skin, fever) to medical specialty 

5 Get Doctor Google Sheets: fetches doctor matching the identified 

specialty from Doctors sheet 

6 Check Existing Booking Google Sheets: checks if the same doctor/date/time slot 

is already booked by this patient 

7 Check Exists JavaScript: evaluates whether a matching booking record 

was found 

8 Check Exists Condition IF: proceeds to schedule check if slot is free; sends Slot 

Full email if already taken 

9 Get Doctor_Schedule Google Sheets: retrieves doctor schedule including 

From Time, To Time, Max Slots, and Booked count 

10 Check Doctor Available 

Time 

JavaScript: verifies selected time falls within doctor's 

available working hours 

11 Check InTime IF: proceeds if within hours; sends Doctor Not Available 

email if outside hours 

12 Check Booked slot and Max 

slot 

IF: allows booking if Booked < Max Slots; sends All 

Slots Full email otherwise 

13 Create Booking Id JavaScript: generates unique Booking ID (e.g. BOOK-

1720000000000-472) 

14 Store Patient Data Google Sheets: appends full appointment record with 

status Confirmed to Appointments sheet 

15 Get Doctor Details Google Sheets: fetches finalized doctor details for 

confirmation message 

16 Send Appointment 

Confirmed 

Gmail: sends HTML confirmation email with doctor, 

date, time, and cancellation link 

17 Get Row Number Google Sheets: retrieves schedule row for booked slot 

count update 

18 Update Booked Slote Set Node: increments Booked count by 1 

19 Update row in sheet Google Sheets: writes updated Booked count back to 

Doctor_Schedule sheet 

20 Send Confirm Appointment 

Google Chat Bot 

HTTP Request: posts booking summary to clinic's 

Google Chat space 
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6.3 Cancellation Pipeline Step-by-Step Flow 

 

The cancellation pipeline is triggered when a patient clicks the cancellation link embedded in their 

confirmation email. The link carries the unique Booking ID as a query parameter to the n8n webhook endpoint. 

 

Step Node Operation 

1 Webhook (cancel-booking) Receives HTTP request from cancellation link with 

booking_id parameter 

2 Get Booking Id Set Node: extracts booking_id from query parameters 

3 Get Data From the Booking Id Google Sheets: fetches full appointment record by 

Booking ID 

4 Booking ID Available IF: verifies Booking ID is not empty (valid 

cancellation request) 

5 Cancellation Update Sheet Google Sheets: updates appointment Status from 

Confirmed to Cancelled 

6 Cancel Appointment Gmail: sends HTML cancellation confirmation email 

to patient 

7 Send Cancel Appointment 

Google Chat Bot 

HTTP Request: posts cancellation alert to clinic's 

Google Chat space 

8 Get Row Number1 Google Sheets: retrieves schedule row for slot count 

restoration 

9 Update Booked Slote1 Set Node: decrements Booked count by 1 (restores 

cancelled slot) 

10 Update row in sheet1 Google Sheets: writes restored Booked count back to 

Doctor_Schedule sheet 

 

6.4 Intelligent Specialty Matching Logic 

A key feature of the workflow is the AI inspired keyword based specialty matching implemented in the Select 

Specialty Code node. The node analyzes the patient's free text health issue description and maps it to an 

appropriate medical specialty: 

 

Health Issue Keywords Assigned Specialty 

tooth, teeth, gum Dentist 

skin, rash, acne Dermatologist 

heart, chest, bp Cardiologist 

fever, cold, cough General Physician 

https://ijsrem.com/
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(default / unmatched) General Physician 

 

This logic enables the system to automatically route patients to the correct specialist without requiring manual 

triage, demonstrating how even simple code nodes in n8n can implement intelligent decision-making. 

 

 

6.5 Validation Rules Implemented 

The workflow enforces the following business rules through a combination of Code nodes and IF nodes: 

• Booking Date Validation: Appointments are accepted only for today or tomorrow (India Standard 

Time) 

• Time Slot Validation: For same day bookings, only future time slots are accepted; past times are 

rejected 

• Duplicate Booking Prevention: The system checks for existing bookings with the same doctor, date, 

and time before confirming 

• Doctor Availability Check: Selected time must fall within the doctor's scheduled working hours 

(From Time to To Time) 

• Slot Capacity Check: Bookings are accepted only when Booked count is less than Max Slots for the 

session 

 

6.6 Email Notifications 

The workflow sends four distinct HTML formatted email notifications via Gmail depending on the workflow 

path taken: 

 

Email Type Trigger Condition Content 

Appointment Confirmed Successful booking Doctor name, health issue, date, 

time, cancellation link 

Invalid Date & Time Past time or invalid date 

selected 

Rules explanation, selected 

date/time shown 

Slot Full (specific time) That exact time slot already 

booked 

Selected time and advice to choose 

another time 

All Slots Full Doctor's daily Max Slots 

reached 

Doctor name, date, time and 

advice to choose another date 

Doctor Not Available Time outside working hours Doctor available hours and advice 

to reselect 

Appointment Cancelled Cancellation webhook 

received 

Booking ID, doctor, date, time 

confirmation 
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7. Results and System Testing 

 

The Doctor Appointment & Cancellation workflow was tested under multiple scenarios covering both valid and 

invalid input conditions. Each test case verified the correct execution path, data updates, and notification 

delivery. 

 

Test Case Input Condition Result 

Valid Booking Future Slot 

Today 

Today's date, future time, slot 

available 

Booking confirmed, 

email sent, sheet updated 

Valid Booking Tomorrow Tomorrow's date, any valid time Booking confirmed, slot 

count incremented 

Invalid Date Past Time Today Today's date, past time slot Invalid Date & Time 

email sent, booking 

rejected 

Duplicate Booking Prevention Same doctor, date, time as 

existing record 

Specific Slot Full email 

sent 

Doctor Outside Working Hours Time before From Time or after 

To Time 

Doctor Not Available 

email sent 

All Slots Full Booked count equals Max Slots All Slots Full email sent 

Successful Cancellation Valid Booking ID in 

cancellation URL 

Status updated to 

Cancelled, slot count 

decremented 

Invalid Cancellation ID Empty or missing Booking ID Workflow exits 

gracefully at Booking ID 

Available check 

Google Chat Notification 

Booking 

Any successful booking Staff notification posted 

to Google Chat space 

Google Chat Notification Cancel Any successful cancellation Cancellation alert posted 

to Google Chat space 

 

All test cases executed successfully. The workflow correctly handled boundary conditions including same day 

past time rejections, slot overflow, and duplicate booking prevention, confirming the robustness of the 

implemented validation logic. 

 

8. Advantages of the Proposed System 

The n8n based Doctor Appointment & Cancellation system offers several distinct advantages over traditional 

web application development approaches and proprietary automation platforms. 

 

The most significant advantage is zero backend code development. The complete booking and cancellation 

lifecycle including multi step validation, database operations, email delivery, and messaging integration was 

implemented entirely through n8n's visual workflow editor and JavaScript Code nodes, eliminating the need for 

a dedicated backend application server. 
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The system achieves intelligent routing through keyword based specialty matching. When patients describe their 

health issues in plain text, the workflow automatically identifies the appropriate medical specialty and assigns 

the correct doctor, reducing administrative effort and improving care routing accuracy. 

Real time bidirectional notifications ensure that both patients and clinic staff receive instant updates. Patients 

receive HTML formatted confirmation and cancellation emails, while clinic staff receive structured Google Chat 

notifications for every booking and cancellation event, enabling immediate awareness without manual 

monitoring. 

The slot management system maintains accurate capacity tracking. The workflow automatically increments the 

doctor's Booked count on booking and decrements it on cancellation, ensuring slot availability data in the 

Doctor Schedule sheet remains accurate at all times without any manual intervention. 

Self hosted deployment on n8n ensures that all patient data including names, health issues, contact information, 

and appointment history remains within the organization's own infrastructure, supporting HIPAA-equivalent 

data privacy requirements applicable in healthcare contexts. 

 

9. Limitations of the System 

Although the implemented system demonstrates strong automation capabilities, several limitations should be 

acknowledged. 

The specialty matching logic currently uses keyword-based text matching, which may misclassify complex or 

ambiguous health issue descriptions. For example, a patient describing 'chest skin rash' could be matched to 

either Dermatology or Cardiology depending on keyword order. Integration with an NLP model via n8n's AI 

nodes would improve accuracy significantly. 

The booking window is currently limited to today and tomorrow. While this simplifies validation logic, it 

restricts patients who wish to schedule appointments further in advance. Extending the date range would 

require additional validation rules for multi day schedules. 

The cancellation link delivered via email uses a plain HTTP URL containing the booking ID. In a production 

deployment, this link should be secured with a signed token or one time use mechanism to prevent 

unauthorized cancellations. 

The system currently operates on a single instance n8n deployment. Under high concurrent form submission 

volumes, workflow queue depth may increase. A production deployment would require n8n's queue mode with 

Redis and multiple worker processes to handle scale. 

 

10. Future Work 

The current system provides a strong foundation for further enhancements: 

 

• Replace keyword matching with an OpenAI GPT-4 node to perform natural language 

understanding of health issues, improving specialty routing accuracy for complex 

descriptions.NLP Based Specialty Matching: 

• Extend the booking window beyond tomorrow by incorporating a calendar based date selection 

and a more sophisticated availability lookup across multiple schedule records.Multi Day 
Appointment Scheduling: 

• Integrate Twilio or a local SMS gateway node to send appointment confirmations and 

reminders via SMS in addition to email.SMS Notifications: 

• Implement a scheduled n8n workflow that checks upcoming appointments and sends reminder 

emails or messages 24 hours before the scheduled time.Appointment Reminder Workflow: 

• Build a Google Looker Studio or Grafana dashboard connected to the Appointments Google 

Sheet to give clinic staff a real time view of today's schedule and patient queue.Doctor 
Dashboard: 

 

https://ijsrem.com/


           International Journal of Scientific Research in Engineering and Management (IJSREM) 
                          Volume: 10 Issue: 04 | April - 2026                     SJIF Rating: 8.659            ISSN: 2582-3930                                                                                                                                               

 

© 2026, IJSREM      | https://ijsrem.com                                 DOI: 10.55041/IJSREM60641                        |        Page 11 

11. Conclusion 

This research presented a comprehensive study of n8n as an AI automation platform, demonstrated through the 

design and full implementation of a Doctor Appointment Booking and Cancellation system. The workflow 

successfully automates the complete appointment lifecycle including intelligent specialty matching, multi-

layer validation, slot capacity management, automated email notifications, and staff alerting via Google Chat 

using n8n's visual node-based editor and integrations with Google Workspace. 

The system validated that n8n enables organizations to build production capable automation workflows 

without traditional backend development, significantly reducing development time and technical complexity. 

The implemented validation logic covering date/time boundaries, duplicate booking prevention, doctor 

availability checks, and slot overflow handling demonstrates that n8n Code nodes can support sophisticated 

business rule enforcement within a visual automation context. 

As a self hosted, open source platform, n8n also addresses the data privacy requirements critical in healthcare 

settings. The system is well suited for small to medium clinics, hospital departments, or any organization 

seeking to digitize and automate their appointment management process using accessible, extensible tooling. 
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