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Abstract:

By transforming clinical data into standardised codes for recording, invoicing, research, and policymaking,
medical coding plays a critical role in the healthcare industry. ICD for illnesses, CPT for procedures, and
HCPCS for extra services and supplies are important systems. Their evolution, uses, and significance in
clinical practice, reimbursement, and public health are examined in this review. It also draws attention to
issues like version changes, coding mistakes, and the requirement for qualified personnel. Adoption of
ICD-11, automation powered by Al, and data analytics are examples of emerging trends that seek to
improve global standardisation and guarantee precision, effectiveness, and uniformity in the provision of

healthcare.
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I. INTRODUCTION

Medical coding forms a vital foundation of modern
healthcare systems. It allows healthcare providers
to accurately document patient diagnoses,
treatments, and medical services by converting
them into standardized codes. This process enables
clear and efficient communication among doctors,
hospitals, and insurance agencies, ensuring that
patients receive proper care and healthcare
professionals are compensated fairly [1].Accurate
coding is equally important for clinical decision-
making, epidemiological studies, and the
development of healthcare policies.
Standardization plays a key role in research,
billing, and reporting by maintaining consistency
across different institutions. As healthcare delivery
becomes increasingly complex, standardized
coding systems have become essential to ensure
uniformity in patient records across hospitals and
even across countries. Such consistency minimizes
billing errors, reduces fraudulent activities, and
speeds up the processing of insurance claims
[2].Furthermore, standardized codes make it
possible to collect comparable data for clinical
trials, quality improvement initiatives, and national
health monitoring programs. The International
Classification of Diseases (ICD), developed and
maintained by the World Health Organization
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(WHO), provides a systematic framework to
classify diseases and related health conditions. ICD
codes are widely used across the globe for clinical
documentation, research, and tracking morbidity
and mortality statistics [3]. The most recentversion,
ICD-11, offers improved accuracy and
compatibility with electronic health record
systems.In addition to ICD, the Current Procedural
Terminology (CPT) system—maintained by the
American  Medical  Association = (AMA)—
categorizes medical, surgical, and diagnostic
services performed by healthcare professionals,
particularly in outpatient settings [4]. Each medical

service in the United States requires a
corresponding CPT code for billing and
reimbursement.  The  Healthcare = Common

Procedure Coding System (HCPCS), developed by
the Centers for Medicare & Medicaid Services
(CMS), builds upon this by including CPT codes
(Level I) and additional Level II codes that cover

medical supplies, equipment, and other services not
included in CPT [5].

ILINTERNATIONAL CLASSICATION OF
DISEASES (ICD)

A systematic system called the International
Classification of Diseases (ICD) was created to
categorize illnesses and medical disorders on a
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global scale. From ICD-9 to ICD-10 to the most
recent ICD-11, it has undergone multiple
adjustments to reflect advances in medical research
and healthcare demands [6].The World Health
Organization (WHO) is responsible for overseeing
and maintaining the International Classification of
Diseases (ICD), ensuring global consistency in the
collection and reporting of health data. This system
plays a crucial role in monitoring morbidity and
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research, and facilitating smoother insurance and
reimbursement processes within healthcare systems
worldwide [7].One of the primary benefits of the
ICD is its universality and thorough categorisation,
which facilitate consistent disease reporting and
cross-national comparability. However, there are
also disadvantages, such as the need for frequent
upgrades to keep up with new medical information
and the challenge of transferring between versions,

mortality trends, supporting epidemiological such as the transition from ICD-10 to ICD-11 [8].
i i i
ICD-9 ICD-10 ICD-11
1979 1994 2018
Contains Expanded to Implemented in
approximately include 2022
12,000 codes approximately Updated with
55,000 codes new codes and
improved digital
accessibility
Fig No.1: Evolution of ICD
III.CURRENT PROCEDURAL
TERMINOLOGY(CPT) Category III: Consists of short-term codes for

The American Medical Association (AMA) created
and maintains the Current ProceduralTerminology
(CPT) system, which offers a standardized method
for referring to medical, surgical, and diagnostic
services. In the US, it is mostly used to record the
treatments and services that medical professionals
offer. In order to ensure clear and consistent
communication between the insurance and
healthcare industries, CPT coding is essential for
outpatient billing, insurance claim processing, and
physician reimbursement [9].

Three primary categories are used to group CPT
codes:

Category I: Contains the most widely used medical
treatments and procedures that have FDA approval
and solid clinical support.

Category II: Contains additional tracking codes
that are primarily used for enhancing quality and
efficiency evaluation, not for payment.
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recently developed medical services, processes, or
innovations that are still being assessed [10].

The CPT system's capacity to offer thorough and
organized documentation of medical procedures is
one of its main advantages. This guarantees correct
and equitable reimbursement, streamlines data
analysis, and enhances healthcare administration.
Additionally, it encourages improved coordination
and uniform reporting between hospitals, insurance
firms, and doctors. The CPT system has many
drawbacks despite its benefits [11]. Its use abroad
is restricted because it was primarily created for the
American healthcare system. Furthermore, CPT
codes must be revised often due to the rapid
advancements in medical knowledge and
technology, which might make it difficult to apply
them consistently [12].
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Fig No.2: Workflow Of CPT Coding and Billing

IVHEALTHCARE COMMON PROCEDURE
CODING SYSTEMHCPCS)

To standardize the submission of reports of
medical services and products, the Centers for
Medicare and Medicaid Services (CMS) in the US
created the Healthcare Common Procedure Coding
System (HCPCS). The CPT (Current Procedural
Terminology) codes used for physician services
and procedures are included in Level 1 of the
system [13]. Level II covers healthcare equipment,
supplies, and non-clinical activities including
prosthetic devices and ambulance transport. In

4

order to ensure proper payment for services like
durable medical equipment (DME), ambulance
services, and medications [14], HCPCS is essential
to Medicare and Medicaid billing. Its ability to
encompass more than just CPT codes and offer a
more complete system for U.S. healthcare billing is
one of its key advantages. In contrast to other
international coding systems like ICD, its use is

primarily restricted to the United States,
whichlimits its globalrelevance
[15].

Fig No.3: HCPCS Uses in USA

V.COMPARATIVE ANALYSIS OF ICD, CPT
AND HCPCS

Although ICD, CPT, and HCPCS have different
origins, purposes, and areas of use, together they
form a complete framework for medical
documentation and billing. The International
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Classification of Diseases (ICD), managed by the
World Health Organization (WHO), is recognized
worldwide as the standard for classifying illnesses,
disorders, and medical conditions. Its primary role
is to provide a consistent method for identifying
and recording diagnoses across healthcare systems
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globally [16]. The Current Procedural Terminology
(CPT) system, maintained by the American
Medical Association (AMA), focuses on
documenting the medical, surgical, and diagnostic
services delivered by healthcare professionals. CPT
is widely used in the United States for outpatient
billing and physician reimbursement, though its
adoption outside the U.S. remains limited [17]. In
contrast, the Healthcare Common Procedure
Coding System (HCPCS), managed by the Centers
for Medicare and Medicaid Services (CMS),
extends CPT codes to cover additional services and
items, such as non-physician procedures, medical
equipment, and supplies. HCPCS is primarily used
in the U.S. and plays a key role in billing for
Medicare and Medicaid services [17]. Each system
emphasizes different aspects of patient care: ICD
codes describe the patient’s condition, CPT codes
record the services performed, and HCPCS codes
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provide details on additional services or items
used. Together, these coding systems offer a
comprehensive picture of patient treatment, which
supports both clinical documentation and accurate
reimbursement. Another distinction is how
frequently they are updated. ICD revisions occur
less often but tend to be substantial, such as the
recent global adoption of ICD-11. CPT and
HCPCS, on the other hand, are updated annually to
accommodate new procedures, advances in
medical technology, and changes in healthcare
delivery [18]. In summary, ICD, CPT, and HCPCS
complement each other by covering different facets
of healthcare documentation. ICD standardizes
diagnoses, CPT records the procedures performed,
and HCPCS accounts for supplementary services
and supplies. Together, they ensure consistency,
accuracy, and transparency in medical research,
clinical documentation, and billing [19].

Table No.1 ICD Vs CPT Vs HCPCS

ICD (Il.1t.ern.a tional CPT (Current HCPCS (Healthcare Common
Feature Classification of Procedural .
. . Procedure Coding System)
Diseases) Terminology)
Developed & World Health American Medical Centers for Medicare and
Maintained By Organization (WHO) Association (AMA) Medicaid Services (CMS)

Classification of diseases,
disorders, and medical
conditions

Primary Focus

Documentation of
medical, surgical, and
diagnostic procedures

Inclusion of non-physician
services, medical equipment,
and supplies

Identify and code

Record services provided

Capture auxiliary services and

Purpose diagnoses for research, by physicians and . . .
statistics, and billing healthcare practitioners items not included in CPT
o Mainly U.S., especially
Scope of Use Used globally Primarily U.S. Medicare/Medicaid
Epidemiological tracking, Outpatient billing, Billing for equipment,
Healthcare . ) : . .
. . clinical research, health insurance claims, ambulance services, prosthetics,
Applications .. . :
management physician reimbursement and other support items
‘ Major updates are Updated annually for new Updated annually to cover new
Update Frequency | infrequent (e.g., ICD-10 procedures and )
healthcare services
— ICD-11) technology
Example Codes ICD-11: 1A00.0 (Cholera || CPT: 99213 (Office visit, | HCPCS: E0114 (Crutches,
ramp due to Vibrio cholerae) established patient) underarm, wood, pair)
Geographical Use H International H Primarily U.S. H Predominantly U.S. ‘
Interrelationshi Explains the diagnosis Records the procedure Details additional services or
P (“why” of care) (“what” of care) items (“with what” of care)
Role in Provides a standardized Ensures consistent Extends coverage to non-
Documentation diagnostic framework reporting of services physician and support services
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VLAPPLICATIONS IN HEALTHCARE
Several aspects of healthcare management and
delivery depend on medical coding systems like
ICD, CPT, and HCPCS. Their uses extend far
beyond basic documentation; they have an impact
on patient care, accounting procedures, legal
compliance, and even upcoming developments in
data-driven medicine.

A. Clinical records: A systematic method for
recording a patient's diagnosis, procedures, and
therapies is provided by accurate coding. HCPCS
numbers identify supplementary supplies or
equipment utilized in the course of care, CPT codes
define the services rendered, and ICD codes record
the underlying conditions. When combined, they
produce a consistent clinical record that facilitates
treatment continuity throughout various healthcare
locations and practitioners.

B. Insurance and compensation Billing and
reimbursement procedures are based on coding
systems. When combined, they produce a
consistent clinical record that facilitates treatment
continuity throughout various healthcare locations
and practitioners[20].

C. Insurance and compensation Billing and
reimbursement procedures are based on coding
systems.

D. Government payers and insurance firms use
CPT codes to confirm the services performed,
HCPCS numbers to record any supplementary
products provided, and ICD codes to assess
medical necessity.

E. In addition to lowering the possibility of denials,
proper coding guarantees prompt claim submission
and aids in the financial stability of healthcare
institutions [21].

F. In epidemiology and population health studies,
ICD coding is especially important for public
health research and policymaking. ICD data is used
by governments and public health organizations to
monitor outbreaks, study disease patterns, and
create health policy.

G. ICD codes, for instance, were essential to the
global reporting and analysis of cases during the
COVID-19 epidemic. Research on healthcare
consumption, procedure trends, and service
accessibility is also informed by CPT and HCPCS
data.

H. Requirements for
Ensuring adherence

legal and compliance
to healthcare standards
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requires accurate coding. Serious repercussions,
like as audits, fines, or fraud accusations, may
result from coding errors. ICD, CPT, and HCPCS
codes must be accurately used, according to
regulatory organizations, in order to preserve
accountability and openness in the provision of
healthcare [22].

I. To safeguard patients and providers, coders must
abide by legal and ethical criteria. Applications of
Al and data analytics As big data in healthcare
continues to expand in significance, coded data has
emerged as a useful tool for predictive modeling,
analytics, and quality enhancement.

J. The structured information created by ICD, CPT,
and HCPCS codes can be used to estimate
healthcare requirements, assess treatment
outcomes, and allocate resources as efficiently as
possible [23,24].

VII.CHALLENGES AND LIMITATIONS

A. Transition complexity (ICD-9 — ICD-10 —
ICD-11): The ICD, CPT, and HCPCS coding
systems are not without difficulties, despite their
vital role in healthcare. Accuracy, effectiveness,
and worldwide application are all impacted by the
inherent constraints of any technology [25,26]].
The intricacy of the transition (ICD-9 to ICD-10 to
ICD-11) One of the most significant challenges has
been the transition between multiple ICD versions.
The switch from ICD-9 to ICD-10 and now ICD-
11 has required major adjustments to software
systems, personnel training, and infrastructure for
healthcare. Medical and billing procedures often
experience short-term disruptions as a result of
these changes, which usually need a significant
investment of time and resources. Smaller
healthcare facilities have difficulties because
updating systems and retraining coders can be
costly and time-consuming[27,28].

B. Regional Restrictions: Regional limitations
(mostly in the United States for CPT and HCPCS)
ICD is generally used globally under the guidance
of the World Health Organisation, but CPT and
HCPCS are primarily used in the United States.
When comparing healthcare data from different
countries, this results in a lack of uniformity. For
example, a procedure coded using CPT in the
United States must be translated into another
coding system before being shared globally, which
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complicates collaboration on global research and
health policy [29].

C. Coding Errors Leading To Compliance And
Reimbursement Issues: Coding mistakes that cause
problems with reimbursement and compliance
Coding errors can have serious repercussions,
regardless of whether they are the result of
upcoding, undercoding, or simple
misclassification. Inaccurate codes could lead to
claims being rejected, payments being delayed, or
even accusations of misuse and fraud. Coding
mistakes can influence continuity of care and the
accuracy of health data in addition to having

financial repercussions. As a result, healthcare
Challenge Description
A. Transition
Complexity (ICD-9 —
ICD-10 — ICD-11)

B. Regional Limitation

Migrations between ICD versions
have required major adjustments
in software, workforce training, and
healthcare infrastructure.

While ICD enjoys global acceptance
under WHO, CPT and HCPCS remain
largely confined to the U.S, healthcare
system. This geographic limitation
hampers international data compari-

institutions always struggle to maintain compliance
with evolving coding standards [30,31].

D. Traning And Certification Challenge:
Challenges with certification and training Because
coding systems are complicated and updated often,
coders need to complete extensive training and
keep their credentials from organizations like
AHIMA or AAPC. This generates a continuous
need for education, which can be expensive and
time-consuming. Furthermore, the issue is made
worse by a lack of qualified programmers,
especially in environments with limited resources,
which raises the possibility of mistake [32].

Impact on Healthcare Practice

Temporary disruption in billing and
documentation workflows, increa-
sed training demands, and higher
implementation costs.

Lack of giobal standardization in
medical billing and reporting,
difficulty in aligning internationd
healthcare datasets and research
outputs.

son and research collaboration.

C. Coding Errors
Leading to Compliance
and Reimbursement
Issues

D. Training and
Certification
Challenges

Mistakes such as upocoding, under-
coding, or misclassification can resu-
It in denied claims, payment delays,
and compliance violations.

Frequent updates and complex code
structures require coders to undergo
continual education and maintain

Financial losses, potential legal
compiications, reduced data
reliability, and administrative
inefficiencies.

Increased operational costs, risk of
coding inaccuracies, and workforce
shortages affecting overall coding

Fig No.4: Key Challenges And Limitation In ICD, HCPCS And CPT

VIILFUTURE DIRECTIONS

A. Prospects for the Future Coding systems like
ICD, CPT, and HCPCS must also change as
healthcare continues to change in order to satisfy
new clinical, technological, and international
demands. A number of prospective directions
suggest that medical coding practices will become
more accurate, efficient, and globally aligned.
Global switch to ICD-11[33]. The World Health
Organization's introduction of ICD-11 represents a

significant advancement in diagnostic
classification. = ICD-11 offers more thorough
clinical descriptions, increased digital

compatibility, and enhanced adaptability for usage
in electronic health systems when compared to
ICD-10 [34]. However, interaction with current
software platforms, training for healthcare
professionals, and a slow adoption rate across
nations are necessary for its successful

deployment. ICD-11 is anticipated to improve
global  health  surveillance and  expedite
international reporting once it is completely
implemented [35].

B. Combining Natural Language Processing (NLP)
and Artificial Intelligence (AI) for automated
coding Natural language processing (NLP) and
artificial intelligence (AI) developments are
starting to change the coding environment [36].
These technologies lessen the workload for human
coders by automatically assigning codes with high
accuracy and extracting pertinent information from
clinical notes [37]. Al will be a useful support tool
that frees up specialists to work on more
complicated cases and compliance checks, even if
it is unlikely to completely replace programmers.
Hybrid models that blend human knowledge with
automation powered by Al will probably become
the norm in the future [38].



International Journal of Advanced Multidisciplinary Research and Educational Development

Volume 1, Issue 3 | September - October 2025 | www.ijamred.com

C. Big data's and healthcare analytics' roles The
value of coded healthcare data as a resource for big
data applications is becoming more widely
acknowledged [39]. ICD, CPT, and HCPCS codes
together can provide information about the
prevalence of diseases, the effectiveness of
treatments, and trends in healthcare use. Clinical
research, resource allocation, and policymaking are
all aided by this data [40]. Future developments in
predictive analytics and personalized medicine will
be facilitated by the integration of coded data with
genetic, behavioral, and environmental variables
[41].

D. Global system harmonization is required. The
absence of international uniformity in medical
coding is one of the ongoing problems.
International data sharing and comparative
research are made more challenging by the U.S.-
centric nature of CPT and HCPCS compared to the
worldwide recognition of ICD [42]. More
harmonization is urgently needed going forward,
either by creating strong crosswalks between
systems or by adopting common frameworks.
Reaching worldwide alignment will boost
collaborative research, promote global health
initiatives, and increase data comparability [43].

CONCLUSION

As the language that links clinical care with
documentation, billing, and general patient
administration, the ICD, CPT, and HCPCS coding
systemsare all essential components of the
healthcare ecosystem. Although CPT codes record
the procedures performed, HCPCS cover other
services and supplies, and ICD codes largely define
diagnoses, their combined use guarantees clear and
accurate communication between healthcare
professionals, insurers, and policymakers. By
offering accurate data for monitoring health trends
and outcomes, these coding systems work together
to facilitate a smooth information flow that
supports both the financial and patient care aspects
of healthcare. The incorporation of cutting-edge
digital tools is expected to improve these
procedures' efficiency and reduce their error rate as
we move forward. With improved data exchange

and analysis, automation and  global
interoperability will probably become
commonplace, enabling healthcare providers

anywhere to provide better treatment. In short, the
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advancement of healthcare delivery, increased
accuracy in billing and documentation, and
eventually improved health outcomes for patients
worldwide will all depend on the ongoing
development and integration of ICD, CPT, and
HCPCS systems.
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