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The problem is that legacy rule engines in healthcare systems are rarely able to be
flexible in real time, enable scale and make decision-making transparent. In this
paper, the development of a context-aware rule engine to process pricing and claims is
described on the basis of RESTful microservices and Spring MVC frameworks
combined with caching technologies such as Couchbase. The engine has the capability
of supporting upstream rule validation, contextual considerations at the session level
and on-the-fly adjudication paths. The results reflect that the processing time, manual
overrides and the costs of the operations have been reduced significantly. The
architecture facilitates the payer-provider collaboration and compliance with
improved auditability and transparency of decisions. The findings further highlight the
fact that context-aware systems have the potential of transforming day-to-day business
in the healthcare industry through the provision of intelligent and responsive
moderately low-cost solutions to root out intractable claim and pricing logics.
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I. INTRODUCTION

Healthcare pricing and claims systems need effective, adaptable, and scalable decision engines that
will facilitate more and more sophisticated payer-provider transactions. The standard hardcoded
systems usually lack dynamicity; they do not bend with dynamics in contextual factors like patient or
change of policy or medication regimen.
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In order to address these limitations, this paper addresses a proposal of a context aware rule engine,
which integrates with enterprise healthcare platforms based on microservices and real-time cache. It
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reduces to dynamic application of rules that is dependent on the claim context and it makes decision
making transparent, auditable and ruled-based. The purpose of this work is the increase in service
efficiency, the decrease of manual adjudication overheads, and the ability to provide an expedient
technical basis to optimization claims lifecycle.

II. RELATED WORKS
Context Awareness

The philosophical basis of context-aware systems applied in business process management has
experienced remarkable growth especially in the face of fixed settings that collapse when it comes to
dynamic situations. One of the prominent methods focuses above the implementation of context
engines into BPM systems using the complex event processing (CEP) to enable the adaptation during
the run time occurrence [1].

This generic architecture would offer a pattern of dynamic, layered mechanism that supports changing
environmental variables and the reality of operations at decision gates- which are very crucial in case
of healthcare where claim processing may be sensitive to real time information about the patient,
policies and the encounters between payers and providers.

Lollipop Chart: System Throughput by User Load

® legacy
50+ ® Context-Aware

401

30r

20t

Transactions Per Second

10

100 250 500 1000

Simultaneously, middleware systems have become instrumental to understanding the environments
surrounding us though they do so by buffering the complexity involved in environmental monitoring,
inference and command [2]. A survey of 11 middleware architectures in 2009-2015, which has a few
properties that make building robust pricing and claims adjudication systems desirable and necessary,
presents a highly fragmented landscape whose severity is revealed when each property is considered
separately ASI: Abstraction Support Ideal balance RO: Reasoning Capability Ideal balance FTO: Fault
Tolerance Ideal balance SC: Scalability Ideal balance

Middleware as the glue that joins rule engines, data sources, and application interfaces is not the only
reason that middleware is receiving an extra shot of privacy and interoperability principles, which is
becoming ever more important of health care compliance requirements.
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Additional support of rule-based adaptations is offered by a smartphone-oriented ontology-based
microservice-based framework [3]. Its architecture, which involves before use of REST and
microservices to acquire the context and reason, is relevant to the architecture presented in this paper
because Spring MVC and Couchbase are used to orchestrate and retrieve data in real time. The above
developments bear testimony to the need to develop more semantically aware and elastically
adaptable systems to both us and environment contexts.

Claims Processing

Today, claims processing systems in healthcare are being pulled more and more to the practice of data
engineering that focuses on validation, integration and process automation [5]. The adjudication of
claims in real time needed a rule engine that can not only reason effectively only in the context but
also be capable of being integrated within the larger data ecosystems like HL7 FHIR or knowledge
graphs.

These elements provide semantic interoperability--the ability of different systems to interpret and
take action on defined claim, policy and clinical information in the same way. Event-driven
microservices have been used specifically good when it comes to the design of responsive and scalable
insurance claim systems [6].

They support modular updates, lessen the degree of interdependencies, and allow real time tailoring
of claims processes, something that is crucial in the processing of exceptions, fraud and complicated
pre-authorization rules. The advantages of these benefits can be gained in terms of limiting the time of
adjudication, improvement of the transparency and positioning toward patient-centric models of care.

The convergence of the Big Data analytics with CEP has also led to the emergence of scale and
predictive structures, which are in a position to implement real-time and context-based decision-
making [7]. An example of such architecture could predictively actions, using environmental streams
of data to work out how healthcare systems could apply a similar approach to the identification of
abnormal billing patterns or pointing out inconsistencies in terms of coverage aspects.

The predictive streaming arrangement corresponds to Couchbase caching applied on the platform in
this study to ensure that there is consistency in sessions and the adjudication rules could be looked up
rapidly. The transition to types of business model’s platform gives additional prominence to APIs,
modularization, and the development of middleware [8].

Healthcare and insurance at a global-scale are growing to be closer in structure and requirements to
open banking platforms, where microservices and event-driven APIs focus on the integration of
business processes with other organizations. Such tendencies confirm the possibility to include REST-
based services and multiple levels of rule abstraction into the proposed architecture in the paper.

Decision Support

Healthcare decision support systems have to reconcile the clinical precision, legality as well as
economic effectiveness. A strong foundation of this balance is implemented with use of rule engines,
encompassing statistical and machine learning algorithms, namely in the real-time claim evaluation

[4].

The rule-based logical systems with machine learning can perform more complex assessment,
including policy exclusions, dynamic policy limits, as well as fraud detection features, which is
essential when it comes to the accuracy and fairness of pricing adjudication.

The second relevant advance is the application of dynamic rule mining through the Transformer-
based structures that have the ability to change rules in the temporal and variable settings [9]. In
medical ecosystems that continuously keep on expanding in terms of billing codes, treatment and
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coverage rules (these ecosystems move fast), this dynamic mining ensures that rule engines are
constantly kept in context with no need of manual updates.

The temporal dependency modules can ensure the relevance of the rules and minimize mistakes in
adjudication done by the outdated knowledge, which often appears in the legacy claim processing
engines. Ontology-based complex event processing (OCEP) Between semantic event reasoning and
real-time applications in the context of semantic event reasoning, the capability to support real-time
decisions is a critical area where there is a need to have intelligent adjudication systems that can
process multiple data sources of information and distill meaningful outputs in the form of actionable
insights acknowledging the existence of multimodal intelligence [10].

These systems can be used to query clinical and administrative events at a granular level due to its use
of RDF and SPARQL-based querying, which is optimal in the identification of claim anomalies, prior
authorization, and formulary non-compliance.

The research confirms these structures on an IoT-related healthcare application use case, which is
quite compatible with real-time pricing applications, where a patient can be monitoring their vitals, or
their drug administration history or appointment metadata might affect the chosen rule.

Claims Adjudication

The combination of middleware technologies, event-based solutions and contextual reasoning are at
the foundation of new advanced intelligent pricing and claims systems. [1][2][7] all emphatically point
to the crucial contextual responsiveness-enabling role of CEP and event-orchestration of
microservices.

[51[6][10] define the need of semantic reasoning and data interoperability as a response to the size
and conformity of healthcare systems. In the suggested system of the given research with the help of
Spring MVC, RESTful services, and Couchbase, the best practice archetypes of these works are
reflected but with the specifics of the healthcare requirements-session-level caching of the pricing
service logic, upstream validation of healthcare claim rules.

Other hybrid architectures which integrate predetermined rule-based engines with adaptive systems
such as machine learning also have high support in the literature [4][9]. Through them, systems are
able to perform updates to regulation and clinical activities in lock step without manual
reprogramming - addressing one of the key issues of the legacy rule engines.

The study reaffirms the fact that auditing, transparency, and interoperability are not the add-ons and
are part of the real deal in scaling claims engines [3][8]. It is true according to what has been said in
the literature that context-aware rule-based systems are a kind of rational step towards the escape of
the dynamics of the claims processing domain to dynamic, involved, and active adjudication engines.

The architecture designed in the current study effectively predicts this shift and realizes the operation
of middleware patterns, predictive analytics, microservices, and ontology-aware CEP in a domain in
the healthcare system. A certain contribution to the given direction is made by the works mentioned,
which provide the basic ideas, technical details, and practical proofs of the theory that support greatly
the solution of the given paper.

All the sources contribute to a collage of methods (spanning event-prediction processing, dynamic
rule-mining, and Sem specially reasoning) proving that a healthcare platform can no longer be defined
by a singular decision-processing flow. Rather, they need to adopt dynamic, versatile designs through
which they should be able to make contextual decisions in terms of both determining prices and
settling claims decisions.
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IV. RESULTS

Rule Engine

Introduction of the context-aware rule engine with them led to the claims adjudication procedure
being improved considerably. The context-based configuration of a dynamic set of rules was deployed
by facilitating a decoupling between hardcoded logic and workflows in an application, as a result of
which the average claim processing time decreased by 38% on average.

Barcode Chart: Claim Adjudication Time Comparis
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This was accredited to microservices-based architecture where the validations at the upstream (such
as coverage check, co-pay threshold, physician credentials etc) were managed as independently
disposable services and run only when necessary, as per context.

Table 1: Claim Adjudication

Claim Type Legacy Engine | Context-Aware | Improvement
Out Patient Visit 12.5 7.1 43.2%
Diagnostic Imaging | 18.3 11.2 38.8%
Inpatient Surgery 28.7 17.4 39.4%
Emergency Visit 21.2 13.6 35.8%

Adaptive rule engine helped to bypass irrelevant checks and save up on computation time. To take an
example, when a claim context indicated that a bundled surgery had been pre-approved under value-
based payment model, the engine would skip service-level code validations.

ATG = ((T_legacy - T_context) / T_legacy) x 100

The legacy is a time taken by legacy system, and T_ context is a time by context-aware system.
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This helped the payer organizations meet regulatory SLAs and real time claim resolution on high
priority services like emergency services.

Stream Graph: Claim Processing Volume Over Time
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Rule Matching

One of the important gains that were attained as a result of the implementation was the increase in
the accuracy of the matching of rules. Its engine dynamically assigned rule paths depending on the
situation that could be the age of patients, their location, policy tier, and clinical condition. Therefore,
the number of manual rule overrides decreased by more than 60%.

Table 2: Override Rates
Rule Category Legacy Override | Context-Aware | Reduction
Policy Exclusion 12.1% 4.3% 64.5%
Eligibility Mismatch | 8.7% 3.1% 64.3%
Coding Conflict 14.9% 5.8% 61.1%
Pre-auth Errors 10.2% 4.0% 60.8%

The context-aware engine employed attribute trees to come up with a set of the rules per session. This
is to say that in the case of an example where a diabetic patient of age 67% a claim of home care, the
variables in the context would ensure that a determined rule variant is activation in consideration of
age-related machinery supplementals.

RPR = (Correctly Applied Rules / Total Rules Evaluated) x 100
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Mean Rule Precision Rate had increased to 94.5% during a 3-month pilot as compared to 81.3%. This
implied that downstream fewer exceptions were raised and claims were going through the process of
auto-adjudication.

System Throughput

In order to verify scalability and throughput on production loads, a scalability test was conducted
simultaneously submitting claims. The design of the architecture by using Spring MVC, REST APIs,
Couchbase as a solution of caching the sessions provided a minimum latency in the cases of high
concurrency.

Table 3: Throughput Test

Concurrent Users | Legacy Engine | Context-Aware | Improvement
100 23 51 121.7%

250 19 46 142.1%

500 14 42 200.0%

1000 8 31 287.5%

Its architecture enabled horizontal scalability whereby the services could run rule sets within
containers. Session persistence of Couchbase entity decreased the precomputation of the context
variables during various workflows, achieving faster responses.

ET = (Total Transactions Processed) / (Total Processing Time x Average Microservice
Latency)

It was demonstrated using ET that the average cost of each microservice interaction reduced by 2/3,
to 40 ms, which permits increased overall throughput in the system.

Cost Efficiency

Efficiency in operations was also translated in the reduction of costs and the transparency of auditing.
Fast traceability was possible by using transparent rule history through session logs in the course of
the audit. This ensured that more than 70 percent of internal audit escalation of claims queries was
avoided.

Table 4: Operational Cost

Category Legacy System | Context-Aware | Monthly Savings
Manual Review 48,000 22,000 54.2%
Rework 33,500 15,200 54.6%
Claim Escalations 17,000 6,800 60.0%
Infrastructure Overhead | 22,000 17,300 21.3%

The decision check points were captured in each path of the claim, under the transparent auditing
mechanism, obtains its values based on the context variables. In a single case study, it was used as the
solution that resolved a high value surgical claim issue within in less than 48 hours, as opposed to the
average of 12 business days via the legacy version.
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The contextual awareness of the system would allow flagging of the fraud more likely to happen in
real-time, including duplicates of one diagnostic with the same patient within 30-day windows which
historically were hardcoded and frequently could not be detected in the rule versions.

Processing time of claims fell by 35-40% on all types of claims.

The level of rule precision grew to 94.5%, and the manual override requests were reduced by
more than 60 percent.

With the load, microservices architecture had a 2x-3x more throughput.
There was up to 50% in the human review and correction of claims.

Context logs allowed the painless documentation of compliance and expedited the dispute
resolution.

The context variables and microservice chaining enabled dynamic convention of claims
without a manual routing of claim and no exceptions.

Dumbbell Chart: Monthly Operational Cost Comparison

® legacy

L *—e
Infra Overhead ® Context-Aware

Escalations| e—————e

Denied Claim Rework

Staff Cost

10000 20000 30000 40000 50000
Cost (USD)

V. CONCLUSION

It can be seen that the suggested context-aware rule engine provides a solid advantage on the speed,
accuracy, and cost levels in terms of healthcare claims processing. Given the context variables in real
time, combination of the modular rule sets, managed in a microservices framework, the system can
cut the adjudication time, enhance the accuracy of the rules, and mitigate manual decisions. Rule logs
and upstream validation which are transparent will help to improve auditing and compliance.

The architecture is highly scalable and adaptable, and this makes it applicable in the case of complex
healthcare ecosystems. This study establishes that the transition in static rule engines into the context
smart platforms can cause revolutionary advancements in financial and operational performance in
the healthcare payer setting.
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