
Abstract

Conclusions

Improper payments in Medicare claim processing present a recurring financial and 

operational challenge in Puerto Rico’s healthcare system. Frequent payment inaccuracies, 

caused by both human and system-level errors, have increased administrative costs and 

reduced providers’ confidence. To address this issue, a prepayment quality control framework 

was engineered using data integration, risk-based modeling, and automated workflow 

optimization. The methodology involved developing validated data pipelines, constructing 

predictive risk-scoring models, and implementing an automated claim routing process 

supported by SQL Server and CMS datasets. During the initial audit phase, financial 

discrepancies totaling $153,298.57 were identified; after the new framework’s 

implementation, financial error rates decreased from 5.12% on average to 0.11%. These 

results demonstrate that automation combined with targeted analyst calibration significantly 

enhances claim accuracy, operational efficiency, and compliance with CMS standards. The 

project validates an engineering approach capable of improving payment integrity and 

serving as a scalable model for healthcare financial systems.
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These results demonstrate the measurable effectiveness of the enhanced prepayment quality 

control framework in reducing operational and financial risk within the claims process. The 

rapid decline in error rates following system deployment confirms that the integration of 

automated flagging logic and analyst calibration significantly improved detection accuracy 

and decision consistency. 

Moreover, the reduction in manual intervention for low-risk claims allowed auditors to 

concentrate on high-impact cases, optimizing resource allocation and review efficiency. 

The residual systematic issue identified underscores the importance of continuous system 

validation and algorithmic refinement to ensure full coverage of exceptional claim scenarios. 

Overall, the findings validate the engineering approach adopted, combining data-driven 

automation, procedural standardization, and human-in-the-loop verification as a sustainable 

model for improving Medicare prepayment integrity and financial control.

Introduction

Prepayment quality control in Medicare claim processing functions as a preventive 

engineering mechanism that ensures payment accuracy and compliance within healthcare 

financial systems. The prepayment stage operates as the first defense against billing 

inaccuracies, coding discrepancies, and system inefficiencies, directly affecting provider 

reimbursement timeliness and resource utilization.

 

The continuous rise in claim volumes and the diversification of service codes have increased 

the probability of payment errors. Inefficiencies in prepayment validation generate a cascade 

of administrative corrections that result in financial delays and workload accumulation. 

These process deviations typically originate from data entry inconsistencies, incomplete 

clinical documentation, and insufficient cross-referencing of claim rules within adjudication 

systems. The integration of automated quality controls, such as algorithmic validation and 

rule-based data screening, has proven effective in minimizing human error and standardizing 

claim assessments before payment authorization [1].

Process control principles derived from engineering disciplines are central to improving 

Medicare payment systems. The application of Six Sigma and Total Quality Management 

(TQM) methodologies enables the identification of high-variance subprocesses that 

contribute to claims rejection or underpayment. Statistical process control charts and error-

frequency tracking facilitate the quantification of process defects and provide measurable 

indicators for continuous improvement [2]. 

Operational quality depends heavily on the coordination between the Claims Department and 

the Quality Unit. Both units act as complementary control systems, one responsible for 

transactional accuracy and the other for process assurance.

Literature Review

Medicare serves as a critical component of Puerto Rico’s healthcare infrastructure, providing 

essential medical coverage for the elderly population. Within this system, the Claims 

Department and the Quality Unit perform the pivotal functions of maintaining the accuracy, 

timeliness, and reliability of provider payments. Their coordinated operations are 

fundamental to sustaining healthcare delivery, optimizing resource allocation, and ensuring 

compliance with Centers for Medicare & Medicaid Services (CMS) standards.

Despite these efforts, a growing incidence of rejected and partially paid claims has revealed 

vulnerabilities within the claim processing workflow. These discrepancies have generated 

administrative inefficiencies, financial overhead, and delays in payment reconciliation, 

leading to diminished provider trust and reduced beneficiary satisfaction. The reprocessing of 

claims has also imposed additional operational burdens, highlighting the need for a more 

robust prepayment quality control mechanism.

The objective of this project was to engineer an improved prepayment quality control 

framework capable of reducing improper payments before disbursement. Through the 

integration of data analytics, process automation, and risk-based evaluation models, the 

project sought to safeguard organizational and taxpayer funds while enhancing the precision 

and efficiency of claim adjudication. Ultimately, this initiative supports the broader goal of 

reinforcing Medicare’s operational resilience and ensuring sustainable, high-quality 

healthcare service delivery across Puerto Rico.
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Table 1 demonstrates that during the initial two weeks of prepayment audits, a significant 

volume of financial discrepancies was detected, amounting to $153,298.57 in combined 

overpayments and underpayments. The analysis revealed both human and system-level 

processing errors across a sample of 348 claims, with 22 cases exhibiting payment 

inaccuracies. When extrapolated to the organization’s annual claim volume, these findings 

indicate a potential financial exposure of $39,865,762.82, based on a beneficiary population 

of approximately 200,000 beneficiaries. 

Following corrective interventions, specifically the calibration of analyst procedures and the 

implementation of the redesigned prepayment workflow, a marked reduction in error rates 

was observed. By the third week, the overall financial error rate declined from an average of 

the first and second weeks, from 5.12% to 0.11%, representing a substantial improvement in 

process accuracy and operational control. 

However, a residual systematic issue was identified involving two high-impact claims that 

were not properly flagged by the system for inclusion in the new prepayment review process, 

indicating the need for further refinement of the flagging algorithm.

Table 1

Claims Evaluation and Payment Summary by Week
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The methodology was structured into four progressive phases designed to enhance the 

accuracy and reliability of Medicare claim prepayment controls through data-driven 

automation.

Phase 1: Data Pipeline Operation and Validation

Phase 2: Risk Scoring

A risk scoring model was developed using historical claims data and error trends, which were 

categorized into low, medium, and high-risk groups. Based on the error results, high-dollar 

scenarios of $5,000 and up were categorized as high-impact. 

Senior management was presented with the top three scenarios: Inpatient Claims, which are 

in-hospital services; high-cost drugs (Part B codes); and services or procedures performed on 

an outpatient basis in the hospital or Ambulatory Surgery Center (ASC). Medium-term 

scenarios are those that require clinical review, such as high-level Evaluation and 

Management (E&M) services and multiple procedures performed on the same day by the 

same provider. 

Low scenarios refer to cases that are handled solely by the claim payment system and do not 

require additional intervention before an award is made. 

Phase 3: Prepayment Review Workflow and Implementation

A set of key performance metrics was defined to evaluate the audit results effectively and 

ensure consistency and accuracy.  

Operational quality depends heavily on the coordination between the Claims Department and 

the Quality Unit. Both units act as complementary control systems, one responsible for 

transactional accuracy and the other for process assurance. The integration of digital 

monitoring dashboards and standardized communication protocols between these 

departments shortens claim cycle time and enhances transparency in quality reporting. 

Systems designed with feedback loops and traceable metrics provide early detection of claim 

anomalies, reducing the risk of financial mismanagement [3].

Automation technologies are redefining the scope of prepayment control. Machine learning 

algorithms further optimize this process by continuously adjusting validation parameters 

based on newly processed claims, improving both accuracy and adaptability. In large-scale 

claim environments, these technologies achieve substantial reductions in error rates and 

manual rework, increasing payment reliability and compliance with Medicare policies [4]. 

Data integrity and interoperability across information systems also play decisive roles in 

maintaining prepayment accuracy. Structured data exchange using standardized formats, 

such as HL7 and FHIR, enables more efficient verification of claim elements and clinical 

documentation. Centralized databases allow real-time synchronization between provider 

networks, audit systems, and quality control platforms. This architecture reduces data 

redundancy and supports predictive analytics for identifying high-risk claims before payment 

approval [5].

Figure 1

Findings Analysis Classification

A total of 24 processing errors were identified during the three-week evaluation period. Of 

these, 14 errors (58%) were classified as systematic, while the remaining 10 errors (42%) 

were attributed to analyst-related causes. The systematic errors were escalated to the 

configuration and systems team for remediation, which required a comprehensive review and 

correction of fee schedules, clinical rules, and first-pass processing logic. In contrast, analyst 

errors were primarily linked to limited process familiarity and human oversight during 

manual claim review. 

As illustrated in Figure 1, the predominance of system-related errors highlights the necessity 

of continuous system calibration and rule validation, while the remaining analyst-related 

discrepancies underscore the importance of targeted training and procedural reinforcement. 

Addressing both categories of errors (systematic and analyst-related) proved essential to 

strengthening the reliability and resilience of the prepayment quality control framework, 

ensuring that subsequent claim cycles operated with greater accuracy, consistency, and 

compliance with CMS processing standards.

The following formula is used to calculate payment or process accuracy:

𝑇𝑜𝑡𝑎𝑙 𝑆𝑎𝑚𝑝𝑙𝑒𝑠 − (𝑁𝑜. 𝑜𝑓 𝑒𝑟𝑟𝑜𝑟𝑠 𝑖𝑑𝑒𝑛𝑡𝑖𝑓𝑖𝑒𝑑)

𝑇𝑜𝑡𝑎𝑙 𝑆𝑎𝑚𝑝𝑙𝑒𝑠

(1)

The financial error rate is calculated with the following formula:

𝑂𝑣𝑒𝑟𝑝𝑎𝑦𝑚𝑒𝑛𝑡 𝑎𝑚𝑜𝑢𝑛𝑡 + (𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑢𝑛𝑑𝑒𝑟𝑝𝑎𝑦𝑚𝑒𝑛𝑡 𝑎𝑚𝑜𝑢𝑛𝑡)

𝑁𝑜. 𝑜𝑓 𝑐𝑙𝑎𝑖𝑚𝑠 𝑡ℎ𝑎𝑡 𝑠ℎ𝑜𝑢𝑙𝑑 ℎ𝑎𝑣𝑒 𝑏𝑒𝑒𝑛 𝑝𝑎𝑖𝑑 𝑖𝑛 𝑡ℎ𝑒 𝑎𝑢𝑑𝑖𝑡 𝑠𝑎𝑚𝑝𝑙𝑒

(2)

Should have been paid is the delta between the Total Claims Net Paid and overpayments. 

The organizational goals are to meet 97% or more of the payment accuracy, 98% of the 

process accuracy, and 99% of the financial accuracy. A system-level flagging mechanism 

was implemented within the claim processing infrastructure to automatically identify claims 

requiring intervention by prepayment auditors. This configuration enabled the system to 

route flagged claims directly to specialized analysts for detailed review prior to payment 

authorization. Claims determined to be low-risk or low-impact were processed automatically 

through predefined payment rules, thereby reducing the volume of claims subject to manual 

review. This automation not only optimized processing efficiency but also minimized the 

potential for human error, strengthening the overall accuracy and reliability of the payment 

process.

Phase 4: Standard Operating Procedure (SOP) Development

Standardized protocols for Medicare claim prepayment reviews were documented in a 

comprehensive SOP manual. Training sessions were conducted to familiarize staff with the 

new procedures. Continuous improvement mechanisms were introduced to sustain 

compliance and operational efficiency. The final delivery included the SOP manual and

CMS guideline training materials.
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