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ABSTRACT
Described are the changes to ICD-10-CM and PCS and
potential challenges regarding their use in the US for
financial and administrative transaction coding under
HIPAA in 2013. Using author constructed derivative
databases for ICD-10-CM and PCS it was found that ICD-
10-CM’s overall term content is seven times larger than
ICD-9-CM: only 3.2 times larger in those chapters
describing disease or symptoms, but 14.1 times larger in
injury and cause sections. A new multi-axial approach
ICD-10-PCS increased size 18-fold from its prior version.
New ICD-10-CM and PCS reflect a corresponding
improvement in specificity and content. The forthcoming
required national switch to these new administrative
codes, coupled with nearly simultaneous widespread
introduction of clinical systems and terminologies,
requires substantial changes in US administrative
systems. Through coordination of terminologies, the
systems using them, and healthcare objectives, we can
maximize the improvement achieved and engender
beneficial data reuse for multiple purposes, with minimal
transformations.

In April, 2004 President Bush directed the US
healthcare system to adopt and use electronic
health records (EHR) such that coverage extends to
the ‘entire population within a decade’.1 In 2009,
President Obama affirmed that announcement and
Congress committed in excess of US$17 billion via
the American Recovery and Revitalization Act to
ensure that it happens.2 Since that time the US
informatics community has focused on providing
definitional infrastructure on the successful attri-
butes those systems should have through emerging
definitions for ‘meaningful use’ and requirements
for certification of systems.3

Meanwhile, following an almost identical time-
line, the financial and administrative reporting
structure as defined by the Health Insurance
Portability and Accountability Act of 1997 (HIPAA)4

has implemented a generational update to the
reporting structure and code sets used. Those
providers implementing the newly prescribed EHR
for their clinical use will also provide for a path in
their administrative systems to accommodate the
change in reporting structure from ASC X12 4010a
to 50105 and move to the International Classifica-
tion of Disease (ICD) version 10 revisions6 7 of the
reporting code sets. Wide variation exists in the
total implementation cost estimates but, based on

final federal cost estimates, direct costs to providers
for the administrative system updates will range
between US$9.5 and US$16.9 billion, with ICD-10
changes amounting to between US$2.3 and US$2.7
billion.
The tension described above exists in our view

of the code sets associated with the EHR and
administrative transactions. Tang et al8 have
outlined the difficulties in using administrative
classifications, primarily ICD variants, for clinical
information. Chute and colleagues9 10 have noted
many of the inherent difficulties in using classifi-
cations to represent clinical content. Cimino and
Clayton11 have described how to use a reference
terminology to manage some of the issues and then
succinctly summarized these issues in the desid-
erata.12 Brown et al13 extended the work of Cimino
by using SNOMED-CT as a reference terminology.
This decade-plus long excursion clearly shows the
difficulty the informatics community has with
using classifications to express clinical content,
despite the fact that the classifications are the only
terminologies most likely encountered and used by
most practitioners outside of research settings.
The clinical terminology community has also

found difficulties in developing and deploying new
products.14 During the same time, from approxi-
mately 1995 to now, intense work on the devel-
opment of clinical terminologies such as Read
Codes Version 3,15 SNOMED-RT16 17 and the
GALEN project18 19 occurred, all trying to apply
logic constructs to develop new inferences. Over
this time, the National Health Service in the UK
invested billions of pounds in the Read Codes
Version 3 and SNOMED-CT,20 now an interna-
tional product of the International Health Termi-
nology Standard Development Organization
(IHTSDO) for intended future universal deploy-
ment.21 Like the classifications, SNOMED-CT is
not without criticism regarding completeness or
logical construction.22e24 The USA entered into an
agreement with the intellectual property holder of
SNOMED-CT, first the College of American
Pathologists and now the IHTSDO, to make it
freely and universally available in US healthcare.25

It is still in limited use, primarily in those locations
that used it before the US license, such as Kaiser
Permanente26 and the University of Nebraska. The
only major national use now proposed is for the
problem list. A SNOMED-CT subset of problems
that are seen frequently in a variety of healthcare
systems is available.25 It remains to be seen
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whether this subset will be used in ways that take advantage of
SNOMED-CT’s logical inference structure ordperhaps more
likelydbe employed simply as a large term list.

It is imperative that the informatics community understands
the structure and potential impact of the new classifications so
we can help guide successful introduction. They currently serve
as the most used source for inferential decisions regarding health
care and will continue to do so for at least the next decade, until
and if a clinical code system providing internal logical support
emerges and is universally accepted. Given the immediate
widespread use that will occur on adoption of the new genera-
tion HIPAA classifications and the subsequent long-term effects,
it is surprising that little detail on their terminological
construction or changes from the previous version are available.
This article will focus on these areas and suggest areas for focus
and coordination.

ICD-10-CM BACKGROUND
ICD-10 clinical modification (CM) is an evolutionary extension
of ICD-10 developed and maintained by the World Health
Organization (WHO) for worldwide mortality statisticsi.27 28

Locally developed clinical modifications of the mortality codes
using the previous version of ICD are common and the US
version, ICD-9-CM, is our current administrative and public
health statistics code set. ICD-9-CM was designed for approxi-
mately a decade of use and was scheduled for evolutionary
change in approximately 2000.29 The introduction of HIPAA at
that time delayed that change for almost another 15 years.
During that time the rigid structure of the actual codes
prevented the full addition of new codes in many clinical areas
needed to reflect the changes in medical care and corresponding
science. It also placed the code base used in HIPAA transactions
one version behind the current version of ICD-10 used for
mortality reporting.

ICD-10-CM is maintained by the National Center for Health
Statistics (NCHS).30 Development was through internal
resources and occurred mostly in the 1990s. Guidance on the
development was through a Coordination and Maintenance
Committeeii. The major change in the structure of ICD-10-CM
compared with the early ICD-9-CM version was the introduc-
tion of the alphanumeric codes introduced in the international
version to replace the strict numeric codes. The flexible use of
letters in the base codes greatly expanded sectional (chapter)
code space, allowing a more complete expression of modern
medicine and making supplemental codes added to ICD-9-CM
integral to the code base. A second change in code enumeration
was the expansion from nine to 10 characters. As most legacy
systems had a rigid database or flat-file structure for this space
the change to a 10 character alphanumeric design forces updates
to almost all administrative systems, part of the large provider-
based implementation costs.31 32

Codes in ICD-10-CM provide meaning that humans can
understand (intelligent codes). They start with a letter desig-
nating a chapter and are followed by two numbers indicating
a chapter section, with one exception noted in the present
draft in the O chapter. A decimal follows these three alphanu-
meric characters. From zero to seven alphanumeric characters

follow the decimal. Terms assigned following the decimal are
related in a hierarchical fashion to the preceding character
position.
ICD-10-CM is available only from NCHS,33 with private

branded information now essentially just repackaging. While
many files are provided with the distribution package there are
two of vital importance (found in the section ‘Tabulardzip’):
10tab2009.pdfda 2369-page description of the structure, rules,
headings and approximately one-half the codes; and 10-cm_desc.
txtda file containing the 68 106 terminal-node codes of the 2009
version. Note that there is not a file with an easily computer-
readable form of the rules or section-header concepts, nor is
there a file with a complete collection of header, notes,
descriptive information and terminal-node codes.

ICD-10-PCS BACKGROUND
ICD-10 procedure coding system (PCS) is a revolutionary change
from the current ICD-9-CM volume 3 codes for procedures.34 It
is maintained by the Centers for Medicare and Medicaid Services
(CMS) with outside contractual support.35 Like ICD-10-CM the
Coordination and Maintenance Committee provides guidance
regarding changes. In the late 1990s CMS quickly realized that
the code space design of ICD-9-CM volume 3 would not allow
expansion to include the rapidly evolving world of new medical
procedures. In addition, they saw that a flexible organization of
concepts was needed to accommodate unexpected changes in
specifics such as mechanism and approach, as orderly placing of
new developments such as those in interventional radiology and
robotics was difficult.
ICD-10-PCS provides a multi-axial design to the codes, which,

like ICD-10-CM, are intelligent in design. Each seven-character
alphanumeric code has a section corresponding to subsections
of a descriptive axis such as anatomy or surgical approach.34

Only the designation of the first character is fixed to a defined
section. The other six characters have their roles assigned
depending on the preceding character. For example, for a code in
section 0 (medical and surgical) the codes that follow are body
system, root operation, body part, approach, device and qualifier
with an actual set of codes for each succeeding character fixed
by the preceding one. Another section could have a different
defined order. The flexibility of this design allows for easy
expression of the diverse world of medical procedures and, after
a short learning curve, an orderly way for humans to find
the codes.
ICD-10-PCS is available from CMS and the National Library

of Medicine Unified Medical Language System36 with private
branded information now essentially just repackaging.37 The
distribution files are limited, with three of vital importance:
UpdatedPcs2009_tabidx.pdfda 961-page list of the axial struc-
ture for each section and terms used by ICD-10-PCS for each
axis; pcs2009_ldsc.txtda file containing the 72 589 terminal-
node codes of the 2009 version with the descriptions as human
understandable text; and pcs2009_tdsc.txt that has the same
72 589 codes only with the descriptions in a bar delimited format
of each axis. As an example of differences in the two files, the
first ICD-10-PCS code listed is 0016070 and is described in the
first text file as ‘bypass cerebral ventricle to nasopharynx with
autologous tissue substitute, open approach’ and in the second
as ‘|0 medical and surgical|0 central nervous system|1 bypass|6
cerebral ventricle|0 open|7 autologous tissue substitute|
0 nasopharynx.’ While ICD-10-CM actually defines and
describes detail header codes for all parts, ICD-10-PCS has no
defined header structure outside of the sections.

iThe WHO version of ICD-10 is refereed to in this paper as the ‘international version’
to distinguish it from the USA developed clinical modification.
iiThe Coordination and Maintenance Committee consists of members appointed by
NCHS, CMS, the American Hospital Association and the American Health Information
Management Association.
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MATERIALS AND METHODS
A ICD-10-CM analytical file was prepared using the codes and
descriptions in 10cm_desc.txt as a base. The ICD-10-CM code
found in this file is without a decimal in the fourth position,
a common short form used for ICD codes, but since the content
to the right and left of the decimal has different meanings the
decimal was restored. As noted above, 10cm_desc.txt only
contains the terminal node codes. Header codes from 10tab2009.
pdf were inserted manually for chapters AeR. The S through Z
chapters, where approximately half the codes reside, used Perl
scripting on text extracted from the pdf-formatted file facilitated
by hand-addition to add header codes. No rules or other
descriptions were placed in this file. The hand-addition of
headers undoubtedly brought undetected proofreading style
errors at a level equivalent to those observed in the distributed
files and were not deemed significant for this analysis.

The ICD-10-PCS analytical file was prepared using the codes
and descriptions in pcs2009_ldsc.txt as a base. Header content
was added by hand and consisted of the section header and
designations for the next two content areas. That file was
prepared using the content in UpdatedPcs2009_tabidx.pdf also
facilitated by Perl scripting.

Corresponding ICD-9-CM analytical files were prepared using
the government-provided files Dtab09.rtf and required only
minor augmentation with header codes. ICD-9 volume 3, used
for indirect comparison with ICD-10-PCS, was found in Ptab09.
rtf again with only minor augmentation of header codes.

The mortality code international version (ICD-10) analytical
file was prepared from publicly available information released by
WHO for the 2007 version.

Government-developed non-use-case general equivalence
mappings are provided for ICD-9-CM to/from ICD-10-CM33

and ICD-9 volume 3 to/from ICD-10-PCS.37 38 These were
converted into database form and the government interpreta-
tions of the validity of the map (exact, approximate, no map,
and combination) were used to derive mapping inferences.
Combination is a government-derived term used to indicate that
mutiple terms are need for a map and that the exactness may be
situational.

Analytical files were maintained in a FileMaker Pro 10 data-
base with each table representing a code set version and each
record a term in that code set. The comparison statistics are
based on the sectional counts of terms within a version derived
from their respective databases. All comparison calculations
were done using Microsoft Excel spreadsheets and were auto-
matically maintained by formula relationships between cells.

OBSERVATIONS
Specific to ICD-10-CM
The delimited file containing the terminal codes for ICD-10-CM
used for this analysis contains 68 106 codes, and released infor-
mation uses this number as the term count for the classification.
The printed version of ICD-10-CM has organizational header
codes that convey the designers’ thoughts on the structure of
the classification, allows people to do organized searches from
printed material and provides a ‘human readable’ structure to
the code as noted in the enabling federal regulations.6 39 These
header codes were added to the released code set bringing the
total codes used for this analysis to 89 576. For discussion this
code set was then compared with a similar list for ICD-9-CM
and the international version (table 1).

The ICD-CM classification can rationally divide into two
sections. Chapters IeXVIII (disease) are assigned to specific

disease sections or general clinical symptoms (chapter XVIII).
Chapters XIXeXXII (non-disease) refer to injuries, their causes
and general terms regarding health status and services. Codes in
the disease chapters comprise 64.9% of ICD-9-CM, 82.8% of the
international version, and only 29.6% of ICD-10-CM.
Formulaic expansion of concepts is a common feature in the

international version and ICD-10-CM. The brief excerpt from
a section of the M chapter from ICD-10-CM (figure 1) clearly
illustrates the repeated use of reoccurring phrases throughout
the section. Note that M90.51 through M90.57 only differ in the
anatomical location at the term end and the codes under each
only by laterality. Application of this type of formula phrase
substitution, which can easily be done on a word-processer,
occurs throughout both versions. The largest impacts in the
international version are found in chapters XIII and XX. For
example, in chapter XIII (diseases of the musculoskeletal system
and connective tissue) 10 additional concepts (multiple sites,iii

shoulder region, upper arm, forearm, hand, pelvic region and
thigh, lower leg, ankle and foot, other, site unspecified) are
created for all fourth level concepts found in approximately 37
major subsections, in excess of 3000 formula concepts. Chapter
XXI (external causes of morbidity and mortality) and essentially
all major subsections in V, W, X and Y have formulaic increases
using several different blocks generally with 10 terms/block.
ICD-10-CM shares many of these auto-expansion codes,
although some local variation applies, and expands it in the
chapters VII (eye), VIII (ear) and XIII (muscle) through the
introduction of laterality for each subcode. The greatest formula
increase in ICD-10-CM occurs in chapter XIX where an alpha
character is added as the last code to essentially expand all S
(injury) subcodes by between three and six formula terms (or
more in rare cases) to further define treatment stage.
Coding for laterality was a stated goal of the expansion of

ICD-9-CM to ICD-10-CM. Terms containing the term ‘right’
comprise 16.5% of the code set, whereas ‘left’ is found in 16.7%,
bilateral in 0.9%, and ‘unspecified,’ which is also used outside of
laterality concepts, occurs in 29.9% of code set.
A significant observation is the increasing raw counts of codes

in the progression from ICD-9-CM to ICD-10-CM. Figure 2
compares the relative increase in the number of terms using
ICD-9-CM as a base. For most chapters there is a modest and
progressive increase in the number of terms. A dramatic increase
is observed in chapter XIII, diseases of the musculoskeletal
system and connective tissue, when comparing ICD-9-CM with
the international version, due to the formulaic increase in site
terms as described above. When comparing the international
version to ICD-10-CM we see large increases in chapters VII,
VIII and also XIII due to the introduction of laterality
concepts. Only a modest increase in terms is noted in non-
disease chapters from ICD-9-CM to the international version
but a huge increase is observed when moving from the inter-
national version to ICD-10-CM, again due to the formulaic
introduction of expansion codes. Overall the international
version increased 1.3 and ICD-10-CM 7.0 times when compared
with ICD-9-CM. For the disease chapters the international
version increase was 1.6 times while the non-disease chapters
actually decreased 0.6 times when compared with ICD-9-CM.
When compared with ICD-9-CM the disease chapters increased
3.2 times while the growth in the non-disease chapters was
14.1 times.

iiiSpecific anatomical content for these areas is described in the ICD-10 coding
instruction.
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It is apparent from just the chapter numbers that the devel-
opment of ICD-10-CM stems directly from the international
version. To test this observation the top-level terms, those that
have no digit to the right of the decimal, were compared item by
item for exact matches. Of the 1397 top-level claims in the
disease chapters, 83.5% had the same code and 77.1% had the
same code and description, ignoring European versus American
spelling. For the non-disease chapters, 80.0% had the same code
but just over half, 53.8%, had identical code and description.
Table 2 shows the type of differences for the disease and non-
disease chapters. Many of the ICD-10-CM codes lacking an
international version code represented the concept of the
condition not being part of the set in this code block but clas-
sified elsewhere, a style not used greatly by the international
version designers. The increased specificity of a code in one
classification versus the other many times took the form of
‘other (condition)’ versus ‘other and unspecified (condition).’ For
the ‘mental and behavioural disorders’ and ‘pregnancy, childbirth
and the puerperium’ chapters, however, many times these were
more significant differences in concepts such as for term P05.
The international version defines P05 as ‘slow fetal growth and
fetal malnutrition’ while in the ICD-10-CM the concept is
‘disorders of newborn related to slow fetal growth and fetal
malnutrition’. For the non-disease chapters fewer codes were
missing and, of those that were, no real pattern is observed.
Most of the other differences were similar to the disease chapter
except for a number of ‘concept differ ’ terms. Many of these

were due to deprecation of the term in ICD-10-CM, replacing it
with the corresponding term generally in the poison section (T).
As the term remained (not retired) and indicated replacement, it
was deemed different.

Specific to ICD-10-PCS
The delimited file containing the terminal codes for ICD-10-PCS
used for this analysis contains 72 589 codes, and released
information uses this number as the term count for the classi-
fication. In the process of creating the analytical file, headers
were created to the third level of the term ID provided in
pcs2009_tdsc.txt to convey the designers’ thoughts on structure
and allow people to do organized searches from printed
material by providing a ‘human readable’ structure to the code
as noted in the enabling federal regulations. These derived header
codes were added to the released code set bringing the
total codes used for this analysis to 73 680. Table 3 lists the
ICD-10-PCS chapter designations and corresponding code
distribution.
As CMS chose to re-develop a procedure classification, direct

comparison with volume 3 is difficult. The major chapter,
medical and surgical, comprises almost 90% of the codes and
has a relationship similar to, but not exactly that of, ICD-9
volume 3 (table 4). Outside of that loose comparison one can
only note that the increase in size between the two classifica-
tions is 18.0 times. One reason for the increase is the wide use of

Table 1 Percentage distribution of chapters in ICD-9-CM, ICD-10, ICD-10-CM

Chapter ICD-10-CM Block Title

% of classification

ICD-9-CM ICD-10 ICD-10-CM

I A00eB99 Certain infectious and parasitic diseases 8.3 5.4 1.4

II C00eD48 Neoplasms 6.1 5.3 2.0

III D50eD89 Diseases of the blood and blood-forming
organs and certain disorders involving the
immune mechanism

0.9 1.2 0.3

IV E00eE90 Endocrine, nutritional and metabolic
diseases

2.4 2.6 1.0

V F00eF99 Mental and behavioural disorders 2.9 3.0 1.0

VI G00eG99 Diseases of the nervous system 3.6* 2.4 0.8

VII H00eH59 Diseases of the eye and adnexa 6.9 2.0 3.2

VIII H60eH95 Diseases of the ear and mastoid process 1.7 0.8 1.0

IX I00eI99 Diseases of the circulatory system 3.9 2.9 1.6

X J00eJ99 Diseases of the respiratory system 2.1 1.8 0.4

XI K00eK93 Diseases of the digestive system 4.9 3.1 1.0

XII L00eL99 Diseases of the skin and subcutaneous
tissue

1.9 2.5 1.0

XIII M00eM99 Diseases of the musculoskeletal system
and connective tissue

1.9 34.0 8.8

XIV N00eN99 Diseases of the genitourinary system 3.6 3.1 0.8

XV O00eO99 Pregnancy, childbirth and the puerperium 3.0 3.0 2.8

XVI P00eP96 Certain conditions originating in the
perinatal period

4.9 2.4 0.6

XVII Q00eQ99 Congenital malformations, deformations
and chromosomal abnormalities

3.6 4.4 1.0

XVIII R00eR99 Symptoms, signs and abnormal clinical
and laboratory findings, not elsewhere
classified

2.8 2.4 0.8

XIX S00eT98 Injury, poisoning and certain other
consequences of external causes

15.4 4.8 58.3

XX V01eY98 External causes of morbidity and mortality 7.3 7.9 10.6

XXI Z00eZ99 Factors influencing health status and
contact with health services

9.5 4.5 1.5

XXII U00eU99 Codes for special purposes 0.0 0.1 0.0

*ICD-9-CM includes concepts relating to eye and ear in this chapter. Concept counts for eye and ear were manually determined for this
comparison.
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laterality with the expression ‘left’ or ‘right’ appearing in
27.1% and 27.3% of the classifications, respectively. Unlike
ICD-10-CM the term ‘unspecified’ is not used and ‘bilateral’
occurs in only 2.2% of the descriptions. Another reason is the
increase in chapters for administration, imaging, radiation
oncology, and physical rehabilitation and diagnostic audiology,
each amounting to between approximately 2% and 3% of the
terms, where ICD-9 volume 3 space considerations previously
prevented adequate coverage.

CHALLENGES
Intelligent versus non-intelligent codes
ICD-10-CM and ICD-10-PCS still have intelligent codes. In
ICD-10-CM they serve to limit the number of available codes
due to previous choices as evidenced by the coding pattern nnn
(condition); nnn.1 (specific condition 1); nnn.2 (specific condi-
tion 2);. nnn.8 (other specific conditions); nnn.81.n (other
specific condition 1.n); nnn.9 (unspecified condition). The
coding pattern appears in numerous places with no evidence

Figure 1 Excerpt from Chapter M
Code construction.

M90.5 Osteonecrosis in diseases classified elsewhere
Code first underlying disease, such as: caisson disease (T70.3) hemoglobinopathy (D50-D64)  
 M90.50 Osteonecrosis in diseases classified elsewhere, unspecified site 
 M90.51 Osteonecrosis in diseases classified elsewhere, shoulder 

M90.511 Osteonecrosis in diseases classified elsewhere, right shoulder 
M90.512 Osteonecrosis in diseases classified elsewhere, left shoulder 
M90.519 Osteonecrosis in diseases classified elsewhere, unspecified shoulder 

 M90.52 Osteonecrosis in diseases classified elsewhere, upper arm 
M90.521 Osteonecrosis in diseases classified elsewhere, right upper arm 
M90.522 Osteonecrosis in diseases classified elsewhere, left upper arm 
M90.529 Osteonecrosis in diseases classified elsewhere, unspecified upper arm 

 M90.53 Osteonecrosis in diseases classified elsewhere, forearm
M90.531 Osteonecrosis in diseases classified elsewhere, right forearm
M90.532 Osteonecrosis in diseases classified elsewhere, left forearm
M90.539 Osteonecrosis in diseases classified elsewhere, unspecified forearm 

 M90.54 Osteonecrosis in diseases classified elsewhere, hand 
M90.541 Osteonecrosis in diseases classified elsewhere, right hand 
M90.542 Osteonecrosis in diseases classified elsewhere, left hand
M90.549 Osteonecrosis in diseases classified elsewhere, unspecified hand

 M90.55 Osteonecrosis in diseases classified elsewhere, thigh
M90.551 Osteonecrosis in diseases classified elsewhere, right thigh 
M90.552 Osteonecrosis in diseases classified elsewhere, left thigh 
M90.559 Osteonecrosis in diseases classified elsewhere, unspecified thigh  

 M90.56 Osteonecrosis in diseases classified elsewhere, lower leg
M90.561 Osteonecrosis in diseases classified elsewhere, right lower left
M90.562 Osteonecrosis in diseases classified elsewhere, left lower leg
M90.569 Osteonecrosis in diseases classified elsewhere, unspecified lower leg 

 M90.57 Osteonecrosis in diseases classified elsewhere, ankle and foot 
M90.571 Osteonecrosis in diseases classified elsewhere, right ankle and foot
M90.572 Osteonecrosis in diseases classified elsewhere, left ankle and foot 
M90.579 Osteonecrosis in diseases classified elsewhere, unspecified ankle and foot 

 M90.58 Osteonecrosis in diseases classified elsewhere, other site
 M90.59 Osteonecrosis in diseases classified elsewhere, multiple sites

Figure 2 Relative increase in terms of
the international version, ICD-10-CM
versus ICD-9-CM.
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that those concepts appearing in the nnn.8 section are different
from the ones above, except that no free code room exists.
ICD-10-CM has already added a subchapter code that is non-
numeric (O9A: maternal malignant neoplasms, traumatic
injuries and abuse classifiable elsewhere but complicating preg-
nancy, childbirth and the puerperium) so flexibility does exist
assuming we have a willingness to not maintain a strict rela-
tionship to the international version and to modify the rules to
meet observed difficulties. Also, many sections of ICD-10-CM
do not give codes for the intended ‘other ’ conditions but have
only example lists in the printed notes. It is unclear if the
intelligence in the ICD-10-PCS codes will suffer from the same
limitation.

Formulaic post-coordinated terms
Although widely used for other purposes, ICD-10-CM and ICD-
10-PCS are classifications intended primarily for valid statistical
aggregation of the healthcare system.28 ICD-10-CM has some
atomic codes, generally as section headers, but few, outside of
infectious organisms, in the list of terminal-node (reportable)
codes. The post-coordinated nature of ICD-10-CM codes is
evident from the gross construction pattern in many codes:
(condition) | (comorbidity 1.n) | (modifier, like laterality, if
needed). For the non-disease sections the pattern remains where
condition is replaced by injury or event and comorbidity is an
equivalent modifier. Use of the formulaic pattern allows for the
vast addition of post-coordinated terms to the classifications and
may serve as a means to improve code selection through novel

guidance tools, either on paper or built into the next-generation
clinical and practice management systems required to service
HIPAA version 2. ICD-10-PCS codes are multi-axial and were
never intended to be atomic.

Member-of relationships
Classifications inherently have a hierarchy that differs from
what is used in ontological construction. A classification hier-
archy is needed for aggregation and not to define inheritance.
Hence the hierarchical relationship is not (parentechild) but
more (member-of). ICD-10-CM clearly indicates how the rela-
tionship of terms differs from ontology ’s with exclusion rules.
The first exclusion rule specifically says that a similar term, in
many cases the same condition but related to a specific cause
such as ‘drug induced’ or in a specific state such as pregnancy
or childhood, is excluded from the general classification.
Subsumption now is more difficult. The second broad exclusion
rule is not related to the logical structure but is a restriction on
use. Basically, that rule prevents the co-reporting of codes for
similar conditions that the patient has but are not related to the

Table 2 Reasons for top-level concept differences

Error type

Disease Non-disease

N % N %

Concepts semantically same 22 1.6% 48 7.2%

Concepts differdICD-10-CM more
specific

55 3.9% 44 6.6%

Concepts differdICD-10 more specific 70 5.0% 11 1.7%

Concepts differ 10 0.7% 50 7.5%

ICD-10-CM term missing 48 3.4% 18 2.7%

ICD-10 term missing 93 6.7% 106 15.9%

Table 3 ICD-10-PCS chapters

Chapter
PCS
code Title N %

1 0 Medical and surgical 63508 86.23

2 1 Obstetrics 351 0.48

3 2 Placement 877 1.19

4 3 Administration 1418 1.93

5 4 Measurement and monitoring 316 0.43

6 5 Extracorporeal assistance and
performance

46 0.06

7 6 Extracorporeal therapies 54 0.07

8 7 Osteopathic 103 0.14

9 8 Other procedures 59 0.08

10 9 Chiropractic 93 0.13

11 B Imaging 2777 3.77

12 C Nuclear medicine 584 0.79

13 D Radiation oncology 1953 2.65

14 F Physical rehabilitation and diagnostic
audiology

1399 1.90

15 G Mental health 44 0.06

16 H Substance abuse treatment 68 0.09

Table 4 Correspondence between ICD-9 volume 3 and medical and
surgical chapter of ICD-10-PCS

Chapter Title Vol 3% Est PCS %*

1 Procedures and
interventions, not elsewhere
classified (00)

2.1

2 Operations on the nervous
system (01e05)

4.1 2.7

3 Operations on the endocrine
system (06e07)

2.2 1.2

4 Operations on the eye
(08e16)

9.1 1.6

5 Other miscellaneous
diagnostics and therapeutic
procedures (17)

0.6

6 Operations on the ear
(18e20)

2.1 2.3

7 Operations on the nose,
mouth, and pharynx (21e29)

5.6 2.1

8 Operations on the respiratory
system (30e34)

4.0 3.0

9 Operations on the
cardiovascular system
(35e39)

6.0 2.8

10 Operations on the hemic and
lymphatic system (40e41)

1.5 1.9

11 Operations on the digestive
system (42e54)

14.3 5.9

12 Operations on the urinary
system (55e59)

4.8 2.7

13 Operations on the male
genital organs (60e64)

3.2 2.1

14 Operations on the female
genital organs (65e71)

6.2 1.9

15 Obstetrical procedures
(72e75)

2.0 0.5

16 Operations on the
musculoskeletal system
(76e84)

10.4 22.7

17 Operations on the
integumentary system
(85e86)

3.0 3.6

18 Miscellaneous diagnostic and
therapeutic procedures
(87e99)

18.6

*Correspondence of the medical and surgical chapter of PCS approximates but does not
duplicate volume 3. Percentages are best on best matches between the two classification
code contents.
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present incidence, and the logical relationship between the two
remains.

ICD-10-PCS has no hierarchical terms defined by the authors,
although they do have an index in their released information.
Lack of a formal relationship between the codes prevents logical
determination of duplication in this vast assemblage of proce-
dures. While many classifications grow as they are used, adding
missing or new concepts, ICD-10-PCS has contracted, indicating
that automatic detection of duplication in versions is perhaps
difficult. The 1996 version of ICD-10-PCS had 197 769 codes;40

in the 2008 proposed rule the number appears as approximately
87 000 codes;6 and the current file has just over 72 000 codes.37

While the developers of ICD-10-PCS are commended for their
novel approach toward solving the complex problem of a vast
number of ever-changing procedures, the success of the classifi-
cation will depend on an introduction of a formalism to allow
orderly growth and elimination/prevention of duplicate
concepts.

Validation of codes and testing
ICD-10-CM was essentially developed in the mid-1990s30 and
successfully field tested in 200341 but has not been formally re-
tested since that time. The community now has approximately
4 years before required use, and the time can best be used to
improve coverage and potential submission of concepts designed
for multiple uses before legacy codes start populating databases.
One example is diabetes coverage, which has expanded from 29
codes containing the phrase in ICD-9-CM to 345 in ICD-10-CM,
but with few codes, outside of gestational diabetes, indicating
control level or the agent used. Adding these types of concepts
appears necessary and easy.

Diseases of the musculoskeletal system and connective tissue
(chapter M) comprise 8.8% of the ICD-10-CM code set (table 1)
and is primarily composed of a formulaic group of approxi-
mately 30 codes of introductory clinical condition, anatomical
section and laterality repeats for most of the approximately 260
code groups in this chapter (figure 1). Questions arise as to the
anatomical specificity of the terms used; in this example
shoulder, upper arm, hand, thigh, lower leg, ankle and foot, and
hip/femur, compared with the precision practitioners’ use in
describing similar regions and the precision used in the injury (S)
chapter (eg, S32.810A: multiple fractures of pelvis with stable
disruption of pelvic circle, initial encounter for closed fracture).
The international version uses a similar shorthand description
for anatomical sites and provides more specific definitions for the
regions encompassed.42

ICD-10-PCS is totally new and has had only limited, although
very successful, field testing.43 More extensive validation and
testing of the classification should occur before 2013.

Code reuse
There is tension that is international in scope in coding between
the provider incentives to use codes for payment versus the
broader healthcare community ’s interest in having correct detail
in the codes so they represent what the care encounter
involves.44e46 One study shows that ICD-10-CM on initial use
does not perform significantly better than ICD-9-CM in
capturing clinical detail.47 In the USA providers tend to use these
codes only to support payment and to help the information base
of the healthcare system. Successful return on the $30+ billion
that US healthcare will invest in revamping our health infor-
mation technology system is dependent on our ability to input
accurate codes that have validity when reused.

The information model of both ICD-10-CM and ICD-10-PCS
provides a structure that allows the isolation of detailed level
codes through a stepwise selection process that mimics provider
data capture. As experts in content as it applies to workflow, the
informatics community should focus on helping to develop tools
that better link the terminology content of information models
used at various process stages (such as history to problem list to
orders to billing) during the next 4 years. An example of bad
practice would be the conversion of the present ICD-10-CM
versions of the common superbill used in providers’ offices, or
their electronic system equivalence, that capture codes at the
point of care as they contain ICD-9-CM codes48 or ICD-10-CM
codes that are not at the reporting (detail) level.49

We need to study the coding requirements and develop easily
used systems, both paper and computer, that help guide one to
the correct detail code, especially when dealing with the vast
increase in injury codes and the complexity associated with their
use. As an example, consider the coding complexity of a person
with osteoporosis falling and breaking a wrist. Most likely the
person will be treated in an emergency department or other
urgent care facility that has no knowledge of the person’s
underlying condition and has the encounter coded as S62.182A:
displaced fracture of trapezoid [smaller multangular], left wrist,
initial encounter for closed fracture. While the S codes provide
for follow-up care, that person will most likely get that care
from a specialist. Current advice is for the specialist to use codes
from the M chapter and most likely code subsequent encounters
using M80.042D: age-related osteoporosis with current patho-
logical fracture, left hand, subsequent encounter for fracture
with routine healing. How can we coordinate both care loca-
tions to the correct sequence of codes and maintain the care
model? Does this sequence of codes provide the best informa-
tion for this common occurrence? To allow the successful flow
of clinical observation to administrative systems to healthcare
decisions, the informatics community needs to help shape this
dialogue as it represents a new role of health information
exchange.

Mapping to previous versions
Bidirectional mapping of the ICD-9 and ICD-10 versions is
essential for a smooth transition. The government-developed
general equivalence mappings are provided for ICD-9-CM to/
fromICD-10-CM33 and ICD-9volume3 to/fromICD-10-PCS,37 38

but are not particularly helpful in thatmore than 95% of codes are
noted as having only an approximate match (table 5). Review for
use-case dependent acceptance will show, as with the high-level
match of the international version to ICD-10-CMdiscussed under
observations (table 2), that many will be acceptable. Support for
this observation is found in the use-case defined maps for ICD-9
to/from ICD-10 for the Medicare diagnostic-related groups,50 in
which the identitymatch is currently at 99% for clinical terms and
91% for procedures, with an overall acceptance of 95%. CMS will
maintain this map for 3 years in a revenue-neutral fashion.6

CONCLUSIONS
Clearly the US terminology situation is complex and the above-
noted issues related to ICD-10-CM and ICD-10-PCS only add to
this complexity. ICD-10-PCS can only be viewed as a work in
progress that has great potential to solve the ever-changing
world of new procedures but must solve the problem of iden-
tifying and preventing overlapping concepts. ICD-10-CM gains
and suffers from its tie to the international version. The rigid
structure of the international version, while much improved
from ICD-9, forces an organization that may not be most
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flexible with respect to US health care. The inability to have true
subsumption of like medical concepts is one indication of the
problem. The way the structure forces complex coding choices is
another. Despite these issues, ICD-10-CM, with some careful
review regarding missing concepts, especially in the area of
quality, appears close to meeting the needs of healthcare
reporting for reimbursement and many secondary uses,
including the one it was designed for: statistics.

The vast expansion of the number of terms in ICD-10-CM
and ICD-10-PCS presents many challenges for the community.
Human interface design issues need addressing in making sure
the correct code is selected to represent the clinical state (which
of the 103 increase in diabetes codes is most accurate?), the
staging of the disease (initial, sequela, routine healing), or
laterality. Fortunately, the formulaic design of ICD-10-CM and
ICD-10-PCS provides much opportunity for new and creative
‘superbills’ with and without computer assistance. Central
coordination is essential and is needed to better direct the
introduction and changes in classification that will soon replace
that used by essentially all US healthcare providers for clinical
decision-making.
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