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Abstract: 

 

The swift shift to digital health records offers numerous opportunities and challenges in managing and securing sensitive 

patient information on a wide scale. This document explores essential factors to think about and optimal strategies for 

creating medical information systems ready for future needs. These databases must manage fast-increasing amounts of 

data, protect patients' privacy, and follow strict rules. We look at how health information is handled, find the main 

problems with growing capacity and keeping data safe, and suggest a strategy that includes new technologies and ideas 

for design. The proposed method is based on many services, with data storage spread over the cloud and accurate 

permission configurations to manage who can enter. It also emphasizes the importance of strong encryption for keeping 

the information safe. This design gives healthcare groups flexibility, strong performance, and better security. It is 

necessary to have care focused on the patient using data in this digital technology time. 
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1. Introduction 

The healthcare industry is going through a significant 

transformation due to digital technology. Now, we see 

more electronic health records, internet-connected 

medical devices, genome sequencing, and much 

patient information [1]. This large influx of structured 

and unstructured data holds vast potential for bettering 

patient outcomes, progressing in medical research, and 

enhancing how we deliver healthcare services. 

Conventional health information systems often 

struggle to keep up with the increasing demand for 

scalability and manage fresh security risks in this data-

rich setting [2]. 

Healthcare organizations attempt to employ large 

datasets, artificial intelligence, and accurate medical 

treatments. In the future, they will require advanced 

health information systems capable of securely 

handling vast patient data [3]. The article reviews 

significant challenges and proposes a strategy for 

developing such databases, emphasizing their 

expansion, security maintenance, and adherence to 

regulations. 
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(Diagram 1: Overview of the digital healthcare data 

landscape) 

2. Problem Statement 

Healthcare data is increasing. People think that by 

2020, health information around the world will reach 

a size of 2,314 exabytes [4]. Standard database 

systems that handle information are struggling to 

expand and keep up with the variety and pace of 

incoming extensive health data [5]. Furthermore, 

because patient details are highly confidential, they 

demand robust security measures and compliance with 

regulations like HIPAA and GDPR [6]. 

Many health information systems have big, single-

structure designs, and data is kept in separate places 

with insufficient controls for who can access it [7]. 

This makes them open to attacks on the data and cyber 

crimes. The WannaCry attack that asked for money to 

unlock files in 2017 seriously harmed healthcare 

services in many countries and shows how bad things 

can get if there is not strong security against such 

threats online in the healthcare field [8]. 

 

(Chart 1: Projected growth of healthcare data from 

2013-2020) 

 

(Diagram 2: Limitations of traditional RDBMS for 

handling big health data) 

3. Proposed Solution 

We suggest a system for health information databases 

that uses small, separate services and cloud 

technologies. This will help make the system bigger 

when needed and keep it safe. 

Microservices Architecture 

Separating the sizeable single database into many 

small, connected services that can be deployed 

independently makes it possible to scale with more 

detail and update things quickly [1]. Every small 

service wraps up a particular area of data or task and 

talks through clearly set application interfaces. This 

approach with modules makes it easier to grow 

services with a lot of demand and helps include new 

data sources and abilities for analyzing them [2]. 

 

(Diagram 3: Microservices architecture for health 

information databases) 

 Distributed Storage 

A distributed NoSQL database, such as Apache 

Cassandra or Google Cloud Spanner, allows for 

scaling and maintaining high service uptime [4]. These 

databases are created to manage large amounts of 

structured and semi-structured data over many servers 

while keeping the system fast and robust. For medical 

images and papers, which are unstructured data types, 

one can use a distributed object storage system such as 

Amazon S3 or OpenStack Swift [8]. 

(Diagram 4: Distributed storage architecture for health 

data) 
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3.3 Fine-Grained Access Controls 

When you use attribute-based access control, or 

ABAC for short, it makes the system for allowing who 

can enter very smart and changes depending on things 

like what qualities the person has, what characteristics 

the resource offers, and also taking into account how 

everything else around is at that time [5]. These rules 

about who gets to go in are written with methods such 

as XACML, and they work right where each small 

service handles its tasks so that only people who really 

should get to see important information about patients 

are allowed to do so. Multi-factor authentication and 

single sign-on improve security by giving robust 

verification and smooth access to many services [6]. 

 

(Diagram 5: ABAC model for fine-grained access 

control) 

Data Encryption 

Securing information when it's stored or being sent is 

very important to keep patient details private. Using 

systems for managing keys, such as AWS KMS or 

HashiCorp Vault, helps keep the encryption keys safe 

and well-managed [7]. You can protect sensitive data 

by using powerful, widely accepted methods for 

encryption, such as AES-256. It is better to do this 

encryption at the level of the application so that the 

data stays safe even if there are problems with the 

basic system structure [4]. 

 

(Diagram 6: Data encryption architecture) 

3.5 Compliance and Auditing 

Using one system for logging and auditing is very 

important to find unusual activities, look into 

problems, and show that we follow the rules. Systems 

such as Elastic Stack or Splunk can bring together and 

study log information from different small services, 

giving a clear view of what is happening in the system 

right away [2]. Carrying out security checks, 

penetration tests, and searches for vulnerabilities often 

can find and fix possible weak spots in the structure of 

the database. 

 

(Diagram 7: Centralized logging and auditing 

architecture) 

4. Uses and Impact 

The proposed future-ready health information 

database architecture enables healthcare organizations 

to: 
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1. Efficiently store, process, and analyze massive 

volumes of patient data 

2. Scale services independently based on demand, 

ensuring optimal performance 

3. Integrate new data sources and analytics capabilities 

with ease 

4. Enforce granular, context-aware access controls to 

sensitive data 

5. Secure patient information through strong 

encryption and key management 

6. Detect anomalies, investigate incidents, and 

demonstrate compliance 

7. Accelerate the development and deployment of 

data-driven healthcare solutions 

To unlock the total value of their data resources, 

healthcare organizations can leverage an architecture 

that prioritizes patient privacy and trust. This approach 

empowers providers to harness the insights hidden 

within their data, driving improved outcomes and 

enhanced care delivery while maintaining the highest 

data security and confidentiality standards. It allows 

them to provide personal care based on scientific 

proof, advance clinical studies and new ideas, 

and make their operations more efficient. This leads to 

better health results for patients and the whole 

community. 

 

(Graph 1: Potential impact of future-ready health 

information databases on key healthcare metrics) 

5. Scope and Limitations 

While the proposed architecture addresses critical 

scalability and security challenges, it is not a one-size-

fits-all solution. The precise implementation of this 

data architecture may need to be tailored to the unique 

circumstances of each healthcare organization. Factors 

such as the size of the organization, its existing 

technological infrastructure, and the regulatory 

landscape it operates within can all influence the 

specific design and deployment of the system. By 

adapting the approach to the organization's unique 

needs and constraints, healthcare providers can ensure 

the solution aligns seamlessly with their operational 

requirements and compliance obligations. The 

architecture focuses primarily on the database layer 

and does not delve into the intricacies of application 

design or user interfaces. 

 

(Diagram 8: Scope of the proposed architecture within 

the broader health IT ecosystem) 

6. Conclusion 

As healthcare data grows exponentially, architecting 

future-ready health information databases that 

prioritize scalability and security is imperative. The 

proposed microservices-based architecture, coupled 

with distributed storage, fine-grained access controls, 

and robust encryption, provides a blueprint for 

building agile, resilient, and secure data platforms. By 

adopting this forward-looking approach, healthcare 

organizations can harness the transformative power of 

data while upholding patient privacy and trust, 

ultimately paving the way for a new era of data-driven, 

patient-centric care. 

References 

http://jtipublishing.com/jti


 

 

 

 

Volume 1 Issue 3, July- September 2020 

Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

http://jtipublishing.com/jti 

 

ed Research International, vol. 2015, 2015. 

[2] J. Archenaa and E. M. Anita, "A Survey of Big 

Data Analytics in Healthcare and Government," 

Procedia Computer Science, vol. 50, pp. 408–413, 

2015. 

[3] "Healthcare Big Data and the Promise of Value-

Based Care," NEJM Catalyst, 2018. 

[4] M. D. Krasowski et al., "Challenges in Clinical 

Microbiology Informatics: Issues of Implementation 

and Integration," Journal of Clinical Microbiology, 

2019. 

[5] S. Mansfield-Devine, "Leaks and ransoms – the 

key threats to healthcare organizations," Network 

Security, vol. 2017, no. 6, pp. 14–19, 2017. 

[6] J. Thönes, "Microservices," IEEE Software, vol. 

32, no. 1, pp. 116–116, 2015. 

[7] I. Nadareishvili et al., Microservice Architecture: 

Aligning Principles, Practices, and Culture. O'Reilly 

Media, Inc., 2016. 

[8] W. Dennis and J. Bradley, "OAuth 2.0 for Native 

Apps," Internet Engineering Task Force (IETF), 2017. 

 

 

http://jtipublishing.com/jti

