








variation in ICD-10-CM coding and coding practices across
healthcare facilities. In practice, a replacement coder or a
change in coding agency may significantly affect the account-
ability of specific groups of codes, often misleading business
intelligence, healthcare agencies, or researchers querying
these codes over time. The evolution of ICD-10-CM coding will
occur as well as new individuals joining teams in the future will
learn from their colleagues and predecessors.

All of the above challenges will also impact patient cohorts.
One use of patient cohorts is for the evaluation of residencies,
fellowships, group practices, and physicians. Knowing the pa-
tient cohort of clinicians, for example, facilitates additional
training when needed and evaluation of the breadth of patients

for training programs. In identifying patient cohorts, one draw-
back of using a single GEMs file for a patient cohort is the pub-
lished limitations in the documentation from the CMS.2 The
CMS GEMs file mapping diagnosis codes from ICD-9-CM to
ICD-10-CM is designed to be comprehensive of all ICD-9-CM
codes, with the mapping forward to a partial list of ICD-10-CM
codes; 24% of all ICD-10-CM diagnosis codes are included in
the CMS GEMs file that maps from ICD-9-CM to ICD-10-CM.5

The CMS GEMs file for ICD-10-CM is designed to be compre-
hensive for all ICD-10-CM but maps backward to a limited sub-
set of ICD-9-CM codes; 70% of all ICD-9-CM diagnosis codes
are included in the file that maps from ICD-10-CM to ICD-9-
CM.5 Due to the way the GEMs files are designed, a researcher

Figure 3: Summary of ICD-10-CM motifs and implication in clinical specialty. (A) Twenty-five distinct patterns of mapping
motifs (Figure 1, background color) are observed and classified into five mapping categories organized by increasing com-
plexity (A, first column). Each category has a specific color scheme (a fifth column) utilized in the background (Figure 1 and
the bar graph of B). The abbreviation, Mapp., refers to mapping. Each mapping category is illustrated with an example. The
examples of the two last categories demonstrate the difficulties that may arise from interpreting data collected in ICD-9-
CM or ICD-10-CM, which may affect cohort discovery. For example, benign neoplasm of unspecified breast (D24.9) is con-
voluted since the ICD-9-CM code benign neoplasm of breast maps forward to only the right breast (D24.1). (B) Challenge
in patient cohort by clinical specialty. Furthermore, clinical class is unequally impacted, as shown with the percentage of
ICD-10-CM codes per mapping category (color coding of the bars from A, column 5). Ten of the clinical classes have
>50% convoluted codes.
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or evaluator will miss 30% of the ICD-9-CM diagnosis codes
and potentially miss patients, as well, if only the ICD-10-CM
GEMs files are used.

The comprehensive approach of our tool will allow physi-
cians, training programs, researchers, administrators, health
systems, and others to compare diseases across this transition
from ICD-9-CM to ICD-10-CM, since the tool for cohort discov-
ery includes all but 1% of the ICD-9-CM codes and 1% of
ICD-10-CM codes. The output of the online program creates a
single diagnosis code delineated in the complete graph. In our
prior paper examining the transition from ICD-9-CM to ICD-
10-CM,4 the five hardest clinical classes to classify were (1)
obstetrics and gynecology; (2) mental disorders; (3) injury and
poisoning; (4) external cause of injury; and (5) infectious dis-
eases. In our current analysis for the transition to ICD-10-CM

from ICD-9-CM, the top five clinical classes are (1) external
causes of morbidity; (2) injury; (3) diseases of the musculoskel-
etal system; (4) pregnancy and childbirth; and (5) diseases of
the ear and mastoid process. The increase in convolution of
mapping back to ICD-9-CM codes of the ear and musculoskel-
etal system leads one to consider mapping forward to ICD-10-
CM to reduce the convolution in the analyses or patient cohort
discovery. The convoluted classification includes the ICD-10-
CM codes with challenging transitions, which results in 10 of
the clinical classes having a convoluted classification of >50%
(Figure 2B). This further demonstrates the challenges of map-
ping from ICD-10-CM back to ICD-9-CM.

The CMS GEMs files do have limitations. A retrospective co-
hort for asthma using the ICD-10-CM (J45.XX) coding demon-
strates this limitation; the complete mapping misses three

Table 1: ICD-10-CM clinical category loss of fidelity in transition to ICD-9-CM

Clinical categories ICD-10-CM ICD-9-CM % Decrease

S00-T88 Injury, poisoning, and certain other consequences of external causes 39869 1995 95

V00–Y99 External causes of morbidity 6812 593 91

M00–M99 Diseases of the musculoskeletal system and connective tissue 6339 836 87

L00–L99 Diseases of the skin and subcutaneous tissue 769 210 73

H60–H95 Diseases of the ear and mastoid process 642 190 70

H00–H59 Diseases of the eye and adnexa 2432 727 70

I00–I99 Diseases of the circulatory system 1254 435 65

O00–O9A Pregnancy, childbirth, and the puerperium 2155 771 64

E00–E89 Endocrine, nutritional, and metabolic diseases 676 295 56

F01–F99 Mental, behavioral, and neurodevelopmental disorders 723 363 50

Q00–Q99 Congenital malformations, deformations, and
chromosomal abnormalities

790 404 49

C00–D49 Neoplasms 1620 935 42

P00–P96 Certain conditions originating in the perinatal period 417 249 40

R00–R99 Symptoms, signs, and abnormal clinical and laboratory findings, NEC 639 382 40

D50–D89 Diseases of the blood and blood-forming organs and certain disorders
involving the immune mechanism

238 153 36

N00–N99 Diseases of the genitourinary system 591 384 35

K00–K95 Diseases of the digestive system 706 474 33

G00–G99 Diseases of the nervous system 591 416 30

Z00–Z99 Factors influencing health status and contact with health services 1178 855 27

J00–J99 Diseases of the respiratory system 336 261 22

A00–B99 Certain infectious and parasitic diseases 1056 852 19

The first column is a list of all of the ICD-10-CM clinical categories as outlined by CMS when creating the 21 higher order classes. The second
column is the number of ICD-10-CM diagnosis codes in each category. The third column is all of the ICD-9-CM diagnosis codes that are mapped
through GEMs. The fourth column is the percentage decreased is (ICD-10-CM codes–ICD-9-CM codes)/ICD-10-CM codes. Injury, poisoning, and
certain other consequences of external causes have the greatest decrease in the number of concepts at 95%.
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asthma codes related to chronic obstructive asthma. We did not
evaluate the clinical correctness of the GEMs files as a number
of studies have already examined the clinical correctness of
GEMs, with the error being a small percentage.10–13 A major
challenge with using GEMs files is the overall complexity of the
medical field. For example, in one study, about 20% of the clini-
cians disagreed about whether or not the GEMs mapping was
clinically correct.14 Also, CMS does not intend to maintain GEMs
files indefinitely; in the future, new ICD-10-CM codes may not
have any backward mapping due to lack of GEMs mappings.

Applying our novel, web-based tool (http://www.lussierlab.
org/transition-to-ICD9CM/), financial analysts, administrators,
health systems, and clinical researchers can maintain easy
access to the ICD-9-CM data sets. The tool can be used to
identify possible ambiguities and redundancies of definitions
when mapping backward from ICD-10-CM to ICD-9-CM. Some
clinical domains of retrospective trials will never be equivalent,
such as external causes of morbidity and injury, poisoning, and
certain other consequences of external causes, due to signifi-
cant losses in codes and a high percentage of diagnosis codes
labeled as convoluted.

Future studies will need to look for inpatient consistencies
across healthcare facilities, as well as variations in procedures
and diagnoses. Coding styles will also need to be evaluated for
consistency. One possible outcome is an individual who
switches companies and brings along new specific ICD-10-CM
codes, which could lead to financial enrichment or losses due
to the application of different coding styles. This individual
could bring either a level of precision or a level of ambiguity to
the new ICD-10-CM diagnosis codes, which could lead to an

overall increase/decrease in reimbursements. While analyzing
the bidirectional mapping of diagnosis codes is challenging,
our innovative, web-based tool helps ensure that individuals
with diseases of interest are included in retrospective trials.
When researchers insert ICD-10-CM codes of interest into our
system, it generates a complete mapping of related diagnosis
codes. We have created a quick, user-friendly tool enabling
researchers to evaluate diagnosis codes. Our free software pro-
gram facilitates fast evaluation of queries using ICD-10-CM
and ICD-9-CM codes, while illuminating the convolution.
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Table 2: ICD-10-CM resources for transition to ICD-9-CM

Resource sharing
work product

Use case or targeted audience Description or content

Comprehensive network in
high resolution

Within the complex entire network, identify
specific ICD-10-CM and ICD-9-CM codes
searchable in PDF format. Audience: clini-
cal informaticians and analysts.

http://www.lussierlab.net/publications/ICD10to9/
2014Update.pdf

Tables of mapping motifs
and categories
(.xls format)

Rapid reuse in software developed by
health information technologists and
informaticians.

http://www.lussierlab.net/publications/ICD10to9/
2014categories-motifs.xlsx

SQL database of mapping
motifs and categories

Lookup of sql queries and specific results
by health system analysts to strategically
improve health system operations and
plan transition to ICD-9-CM.

http://www.lussierlab.net/publications/ICD10to9/
ICD10ToICD9.sql.gz

Web portal Administrator, clinicians, and other users
studying a practice pattern in ICD-10-CM.
By typing or pasting in the ICD-10-CM
codes the motifs will be generated

http://www.lussierlab.org/transition-to-ICD9CM/

Input: Insert multiple ICD-10-CMs codes of interest

Output: Visualization of ICD-10-CM, ICD-9-CM, re-
lationships and associated mapping categories in
two formats: dynamic network figure or tabular.

All resources used to develop the motif analysis tool for additional patient cohort discovery and additional analytics.
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