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Abstract: The U.S. healthcare system struggles with heavy administrative burdens, with medical coding as a significant
source of inefficiency and cost. This paper develops an analysis of the potential for artificial intelligence (Al) and
automation to drive the evolution of medical coding methodologies. This paper discusses the underlying technologies, such
as machine learning (ML), natural language processing (NLP), deep learning, and generative Al, that automate the
assignment of code from unstructured clinical documents. The primary objective is to examine the impact of these tools on
coding accuracy, coder productivity, revenue cycle management, and, in the process, regulatory adherence. By conducting
an industry-based systematic review of peer-reviewed literature, industry reports, and recorded case studies, this paper
identifies significant positive outcomes, including a substantial reduction in claim denial rates, increased coding
throughput, and faster revenue velocity. It also examines what is wrong with it, including the persistence of algorithmic
bias, major data privacy issues, extreme job displacement and evolution, and the urgent need for more flexible regulatory
frameworks. The results provide evidence that Al represents a paradigm shift for medical coding: successful integration
requires a strategic approach that addresses both technical and ethical considerations. From systematic and principled
consideration of human-centered approaches toward data quality and data cleansing, the paper ends with the idea that Al-
aided automation will revolutionize the human-coder dynamic toward a new role, moving coding from a role of repetitive
task to one more complex in the case review, audit, and documentation integrity in clinical documentation system thus
enhancing efficiency and quality of the processing of data, which is the heart and soul of the healthcare system.
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I INTRODUCTION
This process has been time-consuming for decades,

The US healthcare system, while being one of the most
technologically advanced in the world, also ranks as one of
the most expensive, with its attendant administrative
labyrinth soaking up a disproportionate share of healthcare
costs. Medical coding, the central process of translating
clinical documentation into standardized codes, lies at the
heart of this administrative machinery. These codes, where
available, are derived from systems such as the International
Classification of Diseases (ICD) and Current Procedural
Terminology (CPT), forming a global language for
population health data analytics, quality reporting,
reimbursement, and health billing. All patient encounters,
procedures, and diagnoses must be coded accurately so that
providers receive the correct compensation, and the
resulting data can be relied upon for clinical research and
the development of health policy.
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relying on the expertise of highly trained human coders to
solve complex clinical narratives and apply an ever-
expanding set of rules and guidelines. However, as
medicine's complexity increases, along with the explosive
growth in the volume of clinical information and the shift
towards more granular code sets like ICD-10, this outdated
formula has reached its limits. Manual processing is
currently a primary source of operational inefficiency, cost
loss, and burnout of clinicians.

As Al is the next major revolution, leading healthcare
companies are moving closer to Al to overcome these
pressures. Natural language processing (NLP) and machine
learning (ML) hold the promise to transform the medical
coding process fundamentally. The following few sections
will then outline the specific problems with coding by hand,
move on to cover the technology itself, its applications, and
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its diverse effects, and conclude with a vision for the future
of this man-machine hybrid.

1. PROBLEM STATEMENT

Medical coding, or the translation of healthcare
diagnoses, procedures, medical services, and equipment into
the universally recognized alphanumeric codes, is the
backbone of the U.S. healthcare revenue cycle and a key
source of data to inform public health and clinical research.
But the manual approach is fraught with large and expensive
challenges. The challenges were compounded by the
transition to the comprehensive ICD-10 code set (over
68,000 diagnostic codes and a much higher level of
specificity and understanding compared with the
approximately 14,000 codes in ICD-9 [1]). This complexity
directly results in a high level of human error.

Manual coding is a time-consuming and labor-intensive
task that is a significant source of administrative waste. The
annual cost of billing and insurance-related admin in the U.S.
(based on 2021 Health Affairs figures [4]) approximates
$500 billion per year. Errors in coding are a major driving
force behind such costs. Denials of claims and delays in
paying claims and associated expenses are high-impact
contributors to the financial loss. Claim denial rates have
been as high as 20%, per the American Medical Association
(AMA) [2]. In a 2022 Medical Group Management
Association (MGMA) survey, 57% of medical practices
reported an increase in claim denials within the past 12
months, and the cost of costly rework of staff and appeal
expenses [16].

And the administrative burden on doctors and coding
staff is enormous. An early study published in the Annals of
Internal Medicine found that doctors spend almost two hours
on desk work and EHRs for each hour of patients receiving
direct care [3]. This "pajama time" dedicated to paperwork
contributes strongly to physician burnout, and in turn has
been linked to poor quality of care and high staff turnover
[17]. Coders also face their own breed of burnout as they
must juggle a multitude of metrics for high productivity and
accuracy in an ever-more complex work environment. These
operational bottlenecks are worsened by the continued
problem of recruiting and hanging onto the good talent in the
field of coding [25]. Compliance with regulations such as
HIPAA, as well as concerns regarding audits from
organizations, e.g., Recovery Audit Contractors (RAC),
contribute to the burden on coding and can be perceived as a
high-pressure, high-stress practice [5]. Systemic challenges,
including inefficiencies and rising costs, alongside colossal
error rates, highlight the critical need for new, innovative
solutions to facilitate efficient and expedited medical coding.

. TECHNICAL FOUNDATIONS OF Al AND
AUTOMATION

The integration of Al in medical coding is powered by

a suite of sophisticated technologies designed to interpret
complex clinical data with speed and precision.
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» Natural Language Processing (NLP):

This is the underlying technology that allows machines
to read and understand human language. NLP surpasses
simple keyword matching within the coding paradigm. It is
also used in conjunction with more advanced methods, such
as Named-Entity Recognition (NER), to identify and classify
medical concepts (e.g., disease, drugs, procedures) in
unstructured text. It develops Relationship Extraction to
make the identification of the associated concepts, e.g., when
a diagnosis is denied, confirmed, or part of a patient’s family
history [18]. Only by means of such grammatical and
semantic analysis can proper code assignment be guaranteed.

» Machine Learning (ML) and Deep Learning:

ML algorithms are trained on vast, curated datasets of
pre-coded medical records. The models have the advantage,
from these examples, of forecasting the correct ICD-10 or
CPT codes for new documents. As a subfield of machine
learning, deep learning utilizes complex neural network
architectures, such as RNNs and Transformer models (e.g.,
BERT), to better handle sequential clinical text data and
generate more accurate responses [7]. These models are also
able to identify subtle patterns within documentation that
human reviewers would not catch.

» Computer-Assisted Coding (CAC):

CAC systems provide the realization of such
technologies. A typical CAC work cycle can be thought of as
an NLP pipeline — an NLP engine consuming EHR data and
suggesting a list of codes with supporting text highlighted.
It’s a human coder who can later validate, amend, or reject
these recommendations [8]. The "human-in-the-loop"
approach advocated by such organizations as AHIMA
combines machine learning algorithms with an expert
opinion and an understanding of anatomy with machine
actions in such a way that Al is a human-in-the-loop
platform. Modern CAC systems are driving increasingly
higher automation, with more frequent cases running on their
own and flagging complex ones for human scrutiny.

> Generative Al:

Large language models, a branch of generative Al,
represent a significant advancement by contributing
functionalities that surpass traditional code suggestions. They
may produce textual summaries of clinical encounters for
billing use, write in-depth appeal letters to denied claims
based on specific evidence in the medical record, and,
sometimes at the point of care, provide online feedback to
the healthcare providers so that all necessary information to
do coding correctly is captured [9, 20].

> Interoperability and Integration:

The functionality required hinges on an interoperable
design for these tools. Data flows freely and securely from
EHRs to the Al coding engine. However, it was an enormous
challenge, due to proprietary data formats and a lack of
standardization. Nevertheless, EHR protocols such as FHIR
(Fast Healthcare Interoperability Resources) are helping to
break down these silos and integrate Al applications much
more easily. It is essential to integrate this to create a
comprehensive workflow for the entire Revenue Cycle
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Management (RCM) infrastructure, linking directly to charge
capture, claims submission, and denial analytics [10].

V. APPLICATION AND CASE STUDIES

Implementing Al-driven medical coding is increasingly
fast-paced in the U.S. healthcare ecosystem, and the results
of this method are clearly seen in a wide variety of use cases
from large academic centers to small specialized physician
groups.

3M’s 360 Encompass System is a prime example. A
comprehensive trial at the University of Mississippi Medical
Centre demonstrated that with such a CAC platform,
increased coder productivity was accomplished by 20-30%
and improved coding accuracy with  significant
improvements, so that the revenue cycle was more uniform
and predictable [11]. Many health systems have likewise
implemented Optum’s CAC solution. It has been
demonstrated in implementations that it has the potential to
reduce coding turnaround times by more than 50% and
decrease the likelihood of manual rework for claims by
detecting errors before submission [22].

One of the most successful large health carriers, Cigna,
has made significant strides in utilizing Al and ML to
automate its claims review process on the payer side. The
company also developed proprietary algorithms to help
identify claims that may contain potential coding errors or
evidence of fraud, waste, and abuse before pre-payment. A
real-time pre-payment filtering mechanism was developed,
enabling the organization to analyze millions of claims and
recapture significant financial losses, reportedly amounting
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to hundreds of millions each year by stopping improper
payments [12].

Vendors are already doing well in autonomous coding
terms. Fathom, for example, partners with multiple health
care providers to seamlessly automate coding for certain
specific specialties. According to a published case report in
ACPMedical, an enormous multi-specialty provider, the Al
platform of Fathom’s Al coding platform reportedly
achieved over 97% accuracy, significantly reducing billing
cycle time from several days to just a few hours [13]. An
equally inventive vendor, Nym Health, utilizes its own
autonomous coding engine at facilities such as Geisinger
Health. This system facilitated automation for over 90% of
emergency department coding tasks, resulting in notable
improvements in both accuracy and operational efficiency,
while freeing up human coders to concentrate more on
complex inpatient cases [23].

Rush University Medical Centre in Chicago offers
another good example. They achieved a 20% higher coder
productivity. They even enhanced the CMI, one of the
critical indexes of treatment patient complexity, and better
funded more accurate and qualified reimbursement [24] with
the implementation of an Al-driven CAC system. These
various applications suggest the same general point: Al
works best when it complements the talent of experts,
automating repetitive, high-throughput tasks and allowing
providers to concentrate on higher-impact work, such as
auditing, CDI, and solving complex clinical situations.

Table 1: Manual vs Al-Assisted Medical Coding Comparison

Metric Manual Coding Al-Assisted Coding Source
Average Coding Accuracy 85-92% 95-99% PMC 2024, Frontiers Al 2024
Processing Time per Record 15-30 minutes 2-5 minutes Reveleer 2025, Fathom 2023

Coder Productivity 20-40 records

60-120 records

3M Case Study 2018, HIMSS 2024

(Records/Day)
Claim Denial Rate 15-20% 5-8% KFF 2023, Experian 2024
Error Detection Rate 70-80% 95-98% Reveleer 2025
Cost per Coded Record $8-15 $3-6 GEBBS 2025, Healthcare IT 2023

Training Requirements Extensive ongoing

training

Technology training

AHIMA 2021
only

Consistency Across Coders Variable (60-80%)

Highly consistent (95-

StatMedical 2025

98%)
Compliance Monitoring Manual audits required | Automated compliance CMS Guidelines 2024
checks
Real-time Feedback Limited Instant validation UTSA 2025
V. RESULTS & DISCUSSION Improved Accuracy and Consistency: By consistently

> Measurable Benefits:
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applying intricate coding protocols to large datasets, Al
systems help minimize discrepancies and human errors,
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particularly those involving incorrect modifier interpretation
or failing to code at the highest level of specificity. This
results in cleaner claims and improved data for secondary
applications such as clinical research and population health
analytics [25].

Increased Coder Productivity: Al reduces coders’ time
on individual records significantly by automating the initial
review and suggestion of codes. This increased throughput
enables organizations to manage expanding caseloads
without proportionate increases in staffing, thereby
accelerating the entire revenue cycle [11]. A recent study
indicates that manual coding may be cut down by up to 70%
due to automation [22].

Enhanced Revenue Cycle Efficiency: Faster, accurate
coding means fewer denials of claims and faster
reimbursements. This, in turn, improves cash flow, decreases
Days in Accounts Receivable (A/R), and reduces substantial
administrative costs associated with denial management,
appeals, and manual rework [10].

Improved Compliance and Audit Defense: These Al
platforms are adaptable and can be routinely aligned with the
most recent regulatory coding standards issued by CMS and
other insurers. This approach enables companies to remain
compliant and reduces their risk of incurring expensive
audits and financial penalties. The ability of some Al systems
to directly link every code to supporting evidence in the text
is a robust defence against audits [5].

Al Medical Coding Market (2025-2035)

Market Size - - Trendline

USD Billions

i

2030 2031 2032 2033 2034 2035

Yea

Fig 1: Al Medical Coding Market (2025-2035) [26]
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» Risks and Challenges:

Algorithmic Bias: Al models learn from the past with
respect to historical data. Suppose this data reflects pre-
existing inequities in care or documentation patterns (such as
clinicians documenting more for some patient populations
than others). In that case, Al can likely magnify or further
perpetuate these biases. This has the potential to result in the
systematic under coding of conditions among marginalized
populations, which may impact both reimbursement and data
quality [15].

Errors and the "Black Box" Problem: Al is far from
perfect and if you think about it, is it infallible? Another Al
could misinterpret a clinician’s carefully worded language or
an

atypical example. The black box problem of some of
the most complex deep learning models is that they are
opaque; thus, the reason for an error can be hard to explain,
thereby making it difficult to restore trust in the system and
its remediation [7].

Data Privacy and Security: With access to high
volumes of protected health information (PHI), the
availability of Al coding systems makes them a prime target
for cyberattacks. Such a breach of an Al vendor’s system
could result in the exposure of millions of patients’ sensitive
data and lead to significant penalties from regulators for
violation, and loss of patients’ trust [5].

Workforce Implications and Reskilling: This can lead
to workforce implications and reskilling, including the
potential displacement of medical coders by automation.
Wholesale job losses are not yet visible, but the
responsibilities of medical coders are shifting from repetitive
data entry toward more analytical roles, such as auditing,
data interpretation, and oversight of Al-driven tools. This
requires major market-level reskilling and upskilling to equip
the current workforce to cope with these new, more
analytical roles [8, 19].

Implementation Costs and ROI: The upfront costs of Al
implementation, including software acquisition and
licensing, EHR integration, and staff training, can be
substantial. However, the upfront fees may be prohibitive for
smaller hospitals or independent practices and providing a
return on investment (ROI) can prove to be elusive, thus
leading to a larger healthcare gap in equipment and
technology between large and small hospital organizations.

Table 2: ROI Analysis of Al Medical Coding Implementation

Cost_Benefit_Category | Traditional _App | Al_Implementation | Annual_Savings | ROIl_Timefr Source
roach_Annual _Year_ 1 _Years_2+ ame
Implementation Costs $0.00 $500,000.00 $0.00 One-time cost GEBBS 2025,
Healthcare IT
Annual Software $0.00 $200,000.00 $200,000.00 Recurring Reveleer 2025,
Licensing Optum 2021
Training and Change $50,000.00 $150,000.00 $25,000.00 Decreasing | AHIMA Foundation
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Management annually 2020
EHR Integration $0.00 $100,000.00 $20,000.00 One-time cost | FHIR Implementation
2021
Productivity Baseline +25-30% $800,000- 6-12 months 3M Case Study,
Improvement productivity 1,200,000 HIMSS 2024
Error Reduction Baseline 60% fewer coding $300,000- 3-6 months | PMC Research 2024
Savings errors 500,000
Denial Rate Reduction Baseline 50-60% denial $400,000- 6-9 months KFF Analysis 2023
reduction 600,000
Faster Revenue Cycle Baseline 2-3 days faster $200,000- 3-6 months | RevCycle Intelligence
400,000 2023
Reduced Audit Costs $200,000.00 $80,000.00 $80,000.00 Immediate [ CMS Audit Data 2024
Staff Optimization Baseline 20-30% efficiency $400,000- 12-18 months | McKinsey Healthcare
Savings gain 800,000 2024
VI. CONCLUSION technology collaborator. Not only is this change necessary to

Artificial intelligence and automation are no longer
developing technologies in today’s healthcare landscape;
they are valuable instruments actively redefining
administrative processes, particularly in medical coding. The
evidence is overwhelming that there are remedies to the
long-standing issues of inefficiency, inaccuracy, and high
expense that have long beset the revenue cycle. Assisted by
advanced NLP and machine learning technology, Al-based
solutions enhance coder productivity, accuracy, and
accelerate reimbursement, allowing healthcare organizations
to maintain valuable administrative time away from business
and excel at what’s at the core of their mission: patient care.

However, this new technological transformation is far
from ready. The risks of algorithmic bias, data privacy
breaches, and the profound ethical implications for the
coding workforce are significant and must be carefully and
proactively monitored. Successful integration of Al means
much more than simply integrating software systems
correctly; it demands strong governance rules governing how
Al is implemented, model validation over time, open
communication with users, and a strong dedication to the
training and adaptation of the workforce itself. The “human
in the loop” model, in which AI supports human knowledge
rather than replacing it, is currently the most effective
strategy for achieving optimal outcomes, striking the right
balance between the automated efficacy of Al and human
supervision.

Al will continue to become increasingly advanced in
the years ahead, as increasingly integrated, and generative
systems lay the groundwork for the “proactive coding” of the
future. With this system, Al will assist clinicians in real time,
achieving proper documentation at the point of care and
preventing coding mistakes upfront. Medical coding in the
future will be an immediate co-effort of humankind and
artificial intelligence. The work of the human coder will shift
from a production function to an analytical and strategic role,
encompassing those of an auditor, teacher, data steward, and
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unlock the full potential of Al, but it is also crucial to
developing a more efficient, accurate, and sustainable
healthcare system for all.
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