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ABSTRACT

Objectives: The United States transitioned to the tenth version of the International Classification of Diseases

(ICD) system (ICD-10) for mortality coding in 1999 and to the International Classification of Diseases, Clinical

Modification and Procedure Coding System (ICD-10-CM/PCS) on October 1, 2015. The purpose of this study was

to conduct a narrative literature review to better understand the impact of the implementation of ICD-10/ICD-10-

CM/PCS.

Materials and Methods: We searched English-language articles in PubMed, Web of Science, and Business

Source Complete and reviewed websites of relevant professional associations, government agencies, research

groups, and ICD-10 news aggregators to identify literature on the impact of the ICD-10/ICD-10-CM/PCS transi-

tion. We used Google to search for additional gray literature and used handsearching of the references of the

most on-target articles to help ensure comprehensiveness.

Results: Impact areas reported in the literature include: productivity and staffing, costs, reimbursement, coding

accuracy, mapping between ICD versions, morbidity and mortality surveillance, and patient care. With the

exception of morbidity and mortality surveillance, quantitative studies describing the actual impact of the ICD-

10/ICD-10-CM/PCS implementation were limited and much of the literature was based on the ICD-10-CM/PCS

transition rather than the earlier conversion to ICD-10 for mortality coding.

Discussion: This study revealed several gaps in the literature that limit the ability to draw reliable conclusions

about the overall impact, positive or negative, of moving to ICD-10/ICD-10-CM/PCS in the United States.

Conclusion: These knowledge gaps present an opportunity for future research and knowledge sharing and will

be important to consider when planning for ICD-11.
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INTRODUCTION

The International Classification of Diseases (ICD) system was devel-

oped by the World Health Organization (WHO) as a standardized

method for tracking diseases across populations. WHO has made

major revisions in content and structure over the past several

decades, adapting to new scientific understanding of disease and

new structures of organizing ICD codes to accommodate improved

use and extensibility.1 The tenth revision of ICD (ICD-10) greatly

expanded the number of categories from nearly 5000 to approxi-

mately 8000 and is currently used in more than 100 countries.2
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Modifications to ICD, such as the ICD-10-Clinical Modification

(ICD-10-CM), ICD-10-Procedure Coding System (ICD-10-PCS),

and country-specific modifications, extend the specificity of ICD-10

to new needs, such as reimbursement in addition to surveillance.1

The United States adopted ICD-10 for mortality reporting in 1999,

and ICD-10-CM and ICD-10-PCS for morbidity surveillance and re-

imbursement on October 1, 2015. These changes in scope and ar-

rangement provide both benefits and drawbacks. The scale of the

revisions and modifications requires organizations worldwide to

make significant changes to processes and information systems that

use ICD codes, especially in the modern era of health information

technology and widespread adoption of the ICD classification.

The eleventh revision of ICD (ICD-11), reflecting updates based

on medical, scientific, and technological advances, was presented at

the World Health Assembly of WHO on May 25, 2019, and is

expected to become effective in 2022.3 ICD-11 offers greater detail,

increasing the number of unique codes for injuries, diseases, and

causes of death from approximately 14 400 codes in ICD-10 to

nearly 55 000 codes in ICD-11.4 A key distinguishing feature of

ICD-11 is also that it is fully electronic, which is anticipated to facil-

itate its ease of use and implementation.4 As nations begin to pre-

pare for ICD-11, it is helpful to reflect on the US experience of the

ICD-9/ICD-9-CM to ICD-10/ICD-10-CM/PCS transition. Thor-

oughly understanding the impact of these transitions on patients,

providers, and healthcare systems may allow the many varied stake-

holders to better prepare for future conversions and other similar

transformational events.

OBJECTIVE

The purpose of this narrative review was to identify and describe

areas impacted by the implementation of ICD-10 and the US adop-

tion of ICD-10-CM/PCS, including the costs, benefits, and

challenges.

MATERIALS AND METHODS

We conducted a comprehensive review of the published and gray lit-

erature regarding the impact of the transition to ICD-10 and ICD-

10-CM/PCS. Given the broad scope of the topic, a systematic review

of the literature would not be appropriate or feasible. Therefore, we

conducted a narrative, comprehensive literature review to describe

the state of the literature evaluating the impact of the

implementation.

We searched articles indexed in the electronic databases

PubMed, Web of Science, and Business Source Complete by May

10, 2019, using comprehensive search strategies that included terms

related to ICD-10, transitioning, and potential impact (Supplemen-

tary File S1). The searches were refined through multiple rounds of

testing and informed by a preliminary review of the literature,5–9 in-

cluding the projected impact of the transition, and feedback from

the National Committee on Vital and Health Statistics (NCVHS).

We also searched websites of relevant professional associations, gov-

ernment agencies, research groups, and ICD-10 news aggregators to

identify additional literature and conducted gray literature searches

using Google to capture white papers, conference proceedings, and

presentations. Additional citations were located by handsearching

the references cited by the most on-target articles.

Articles were deemed relevant if they addressed the impact of the

transition, including the benefits, costs, and challenges, and were

written in English. We focused on studies that assessed the actual

impact of the transition rather than solely providing information

about hypothetical impact or projections. To ensure interrater reli-

ability of the screening process for articles retrieved through the

electronic database searches, three reviewers independently screened

a set of 100 title/abstracts from the PubMed search retrieval and

then convened as a group to adjudicate final decisions. With inter-

rater reliability at 85%, team members performed independent,

single-reviewer screening of the remainder of the citations. Gray lit-

erature sources were also reviewed through independent, single-

reviewer screening. A synthesis of the most salient literature regard-

ing areas of impact that were identified through the review is pro-

vided below. See Supplementary File S2 for information about

additional studies identified addressing these impact areas and Sup-

plementary File S3 for articles addressing other issues related to the

transition that were beyond the scope of the narrative review.

RESULTS

Productivity and staffing
Reports in the literature describe a change in coder and/or provider

productivity and staffing for some organizations after the ICD-10-

CM/PCS implementation. For example, a CIOX/University of Pitts-

burgh analysis of average ICD-10 coding time of 157 248 inpatient

records found that while the average coding time improved from

October 2015 (43.7 min/record) to February 2016 (40.4 min/re-

cord), rates were still 20% below productivity levels when compared

to a previous ICD-9 CIOX dataset of 84 627 records and 50% be-

low American Health Information Management Association

(AHIMA) recommended ICD-9 productivity levels.10 The study was

extended to include an additional 165 864 records from March

2016 to July 2016.11 A continued improvement in ICD-10 coding

productivity was observed, with an average coding time of 37.45

minutes in July 2016.11 A retrospective study of a mid-sized—10

physicians, 1 coder, 6 administrators—ophthalmology practice simi-

larly found that coder efficiency was reduced 4 months after the Oc-

tober 2015 ICD-10 implementation, but it had returned to baseline

in the following 8 months.12 The same study found no change in

clinical volume when comparing the periods 12 months before and

after ICD-10 implementation, which was attributed to the practice’s

use of a certified coding team, which decreases the amount of physi-

cian time needed for coding.12 Physicians Foundation’s April–June

2016 biennial survey of American physicians registered with the

American Medical Association also found that approximately 43%

of 17 236 physician respondents reported that ICD-10 detracted

from practice efficiency, while 6% reported that it improved

efficiency.13

A Healthcare Billing and Management Association member sur-

vey,14 conducted in February 2016, addressed changes in staffing.

The survey included 38 billing companies as respondents and found

that 5 companies hired additional coders, 7 companies outsourced

coding, 9 companies added automated coding tools, and 17 compa-

nies made no changes.14

Costs
Conversion to ICD-10-CM/PCS resulted in costs for many organiza-

tions due to the need for training, software, and testing. Reports of

the costs spent due to ICD-10-CM/PCS implementation varied in

the literature. A December 2015 Navicure survey of 360 physician

practices, which asked respondents to indicate the amount their
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organization spent on software updates and training, found 9%

reported no costs, approximately 50% of respondents reported

spending less than $10 000, 14% spent from $10 000–$49 000, 2%

spent $50 000–$99 999, 1% spent $100 000–$199 999, and 2%

spent $200 000 or more.15 The majority of respondents (60%) were

from practices with 1–10 providers. The study did not address dif-

ferences in costs based on organization size or scope of training. A

study from a single academic surgery department reported that

$390 000 was spent on provider training, which included efforts to

improve clinical documentation as a key component.16 A December

2014 to January 2015 survey by the Professional Association of

Health Care Office Management (PAHCOM) assessed costs due to

ICD-10 conversion for small practices (�6 providers), including

costs for ICD-10 manuals and documentation, software upgrades

and testing, training, and superbill conversion to ICD-10.17 The

study included 276 small practices and found that the average ICD-

10-related expenditures were $3430 per provider.17

Implementation of ICD-10-CM/PCS was twice delayed in the

United States, from an original target date in 2013 to the final imple-

mentation in 2015. The Protecting Access to Medicare Act of 2014,

which delayed the ICD-10-CM/PCS compliance date from 2014 to

2015, was anticipated to result in additional costs to some organiza-

tions. In an Emergency Summit convened by the Workgroup for

Electronic Data Interchange (WEDI), which was attended by ap-

proximately 200 individuals representing payers, providers, vendors,

and government agencies, organizations estimated the delay would

cost them up to an additional 5–10 million dollars, including incre-

mental costs to maintain two application code bases and remove

date triggers to use ICD-10 codes.18 A 2014 Wall Street Journal

blog reports that the 2014 delay was expected to increase training

costs at St. Luke’s Health System, which at the time of the report in-

cluded 10 hospitals, from $300 000 to $450 000 due to the need for

extending physician training by an additional year.19

Reimbursement
The reported impact of ICD-10-CM/PCS conversion on reimburse-

ment varied in the literature. A December 2015 Navicure survey

that included 360 physician practices15 found that monthly revenue

was not impacted after the October 2015 conversion to ICD-10 for

60% of respondents; however, 34% of respondents reported a reve-

nue decrease of up to 20%, 5% of respondents reported a revenue

decrease of 21–40%, and 1% reported a revenue decrease of 41–

60%. In a 2016 Physicians Foundation survey, 17 236 physicians

self-reported the overall impact of ICD-10 on revenues for their

practices within predefined categories: 24.1% of respondents

reported that ICD-10 detracted from revenues, 6% reported im-

proved revenues, and 69.9% indicated it had little or no impact on

revenues.13 A retrospective study of an academic ophthalmology

practice found that per 100 visits, coding-related denials, charges de-

nied, and percentage of charges denied nearly doubled; however,

there was no change in total revenue based on an analysis of data 12

months before and after the October 2015 ICD-10 conversion.12

The transaction-processing firm Change Healthcare reported that

5% of their clients had a time to bill increase greater than 5 days

based on a November 2015 survey; however, for two-thirds of their

clients, time to bill did not change.20

Coding accuracy
A few studies suggest coding accuracy may have been impacted as a

result of the ICD-10-CM/PCS transition. In the February 2016

Healthcare Billing and Management Association (HBMA) survey of

38 billing companies,14 14 companies reported no change in coding

accuracy, 11 companies reported increased accuracy, 7 companies

reported decreased accuracy, and 2 companies reported significantly

increased coding errors.

In a qualitative study conducted by the AHIMA Foundation,21

phone interviews were conducted with a random sample of coding

professionals in the AHIMA member database. Of 156 respondents,

38% of respondents (n¼60) indicated perceived changes in accu-

racy following ICD-10 implementation, with 18 respondents report-

ing an average perceived increase in accuracy of 25% and 42

participants indicating an average perceived decrease in accuracy of

13%.21 These data are based on respondents’ perceived accuracy

levels as self-reported in the phone interviews; specific details of

how accuracy levels were determined were not reported.

Stitcher and Lawrence of Horizon Consulting, an information

technology consulting and implementation services firm, presented

an analysis of post-ICD-10 implementation coding based on over

30 000 records with discharge dates from October 1, 2015, to June

30, 2016, from the Maryland Health Services Cost Review Commis-

sion public use discharge dataset.22 Upon manual review, changes in

coding were recommended for 16% of cases that would have af-

fected severity of illness and/or all patient refined diagnosis-related

groups. The average change in case mix points per case was 0.297 in

ICD-9 compared with 0.341 in ICD-10, with thoracic surgery, neu-

rosurgery, and ventilator support having the largest changes.22 The

authors did not conduct a statistical significance analysis.

Mapping
One of the challenges resulting from ICD-10 and ICD-10-CM/PCS

implementation was mapping between versions. For example, Boyd

et al.23 evaluated the complexity of ICD-9-CM to ICD-10-CM map-

pings from 24 008 billing diagnoses in a 2010 Illinois Medicaid

dataset and found that 36% of ICD-9-CM code mappings to ICD-

10-CM were convoluted (ie, ambiguous or complex), possibly

resulting in more work on the part of the coder as well as disconti-

nuities in disease reporting. A second study assessing the complexity

in mapping between ICD-9-CM-Vol3 and ICD-10-PCS using proce-

dure codes for 3290 patients from the same 2010 Illinois dataset

found that 55% were convoluted, 40% were simple, and 5% had no

mapping.24 The complexity in mapping creates an ongoing factor to

be considered in research spanning ICD-9-CM and ICD-10-CM/

PCS data, as was addressed by the Healthcare Cost Utilization Pro-

gram’s recommendations for mapping strategies.25

Morbidity surveillance
Several studies have assessed the impact of the conversion to ICD-

10-CM on morbidity surveillance, with some studies reporting dis-

ruptions in disease tracking due to changes in the coding system. A

study using inpatient Medicare data from 2012 to 2015 found sud-

den changes in the frequency of certain diseases after the adoption

of ICD-10-CM in the fourth quarter of 2015, with discontinuities

ranging from �8.9% (cardiac arrhythmias) to þ10.9% (psycho-

ses).26 Another study compared ICD-9-CM and ICD-10-CM codes

for 34 chronic conditions using data from fiscal years 2014–2016.27

In a random sample of 1 million patients in the Veterans Affairs

health system, the authors found that diagnoses were largely consis-

tent across the transition period, with some notable exceptions (eg,

higher odds of Alzheimer’s disease and spinal cord injury measure-

ment; lower odds of HIV/AIDS and arthritis measurement).
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However, other studies have seen that ICD-10-CM conversion

had a minimal impact on morbidity surveillance. For example, Kel-

ley et al.28 evaluated the impact of the 2015 ICD-9 to ICD-10 transi-

tion codes on the ability to define populations with serious illness.

The study compared data from the National Health and Aging

Trends Study, a longitudinal survey of older adults in the United

States, over 6-month follow-up periods in 2014 (ICD-9) and 2016

(ICD-10) to test the hypothesis that Medicare costs, healthcare utili-

zation, and mortality would be similar between the two groups. The

study found no significant differences between the samples.

Mortality surveillance
Some studies suggest that ICD-10 implementation may have im-

pacted mortality surveillance. For example, Anderson et al.2 esti-

mated the effects of the ICD-10 transition on cause of death data in

the United States and found that the rankings of the top 10 causes of

death were affected. The study used a sample of 80% (1,852,671/2,

314, 690) of all resident deaths in the United States in 1996 based

on death certificates from all 50 states and Washington, D.C. While

the top five causes of death in 1996 remained the same in ICD-10

coding, the conditions ranked sixth and seventh (influenza & pneu-

monia and diabetes) changed places, and Alzheimer’s disease en-

tered the top 10 at the eighth position, resulting in shifting down of

two causes and in chronic liver disease and cirrhosis dropping out of

the top 10 altogether in this preliminary estimate.2 Another study at-

tributed the change in the leading cause of death in Puerto Rico

from heart disease to cancer in 2002 to the ICD-10 transition, which

resulted in an increase in classification of hypertensive disease deaths

and a decrease in heart disease deaths.29

Similarly, other studies report an impact on mortality surveil-

lance for specific conditions. The 1999 transition to ICD-10 in the

United States was reported to have impacted classification of mater-

nal deaths, with a 13% increase in maternal deaths seen from 1998

to 1999; this change was attributed in part to increased coding of

“indirect” deaths as maternal deaths and other modifications in cod-

ing rules.30 When taking the comparability ratio into account, the

difference was not statistically significant.30

Patient care
A few physician surveys have assessed the impact of the October

2015 ICD-10 transition on patient care. A November 2015 poll

from the physician social media network SERMO (N¼1249 physi-

cians) found that two-thirds of respondents indicated that ICD-10

had detracted from their time with patients; however, this was an

improvement from the previous month’s poll, where 86% of

respondents reported a negative impact on patient care.31 In a 2016

Physicians Foundations survey that included 17 236 physician

respondents, 27.9% reported that ICD-10 detracted from patient

care, and 5% reported that it improved patient care in their practice;

however, patient care was not defined in the report.13

DISCUSSION

This narrative review highlights the state of the literature on the im-

pact of the ICD-10/ICD-10-CM/PCS transition, including the effects

on productivity and staffing, costs, reimbursement, coding accuracy,

mapping between ICD versions, morbidity and mortality surveil-

lance, and patient care. Much of the reported literature was based

on the ICD-10-CM/PCS transition rather than the earlier transition

to ICD-10. Few articles addressed the longer-term impact of the

implementation of ICD-10/ICD-10-CM/PCS, and, with the excep-

tion of the studies on disease tracking and mapping between ICD

versions, much of the evidence was qualitative. Limited data were

available on the experience of large healthcare centers. Overall, our

review was unable to establish significant evidence of harm or bene-

fit based on the available literature.

Several knowledge gaps were identified from the literature re-

view including: the costs of the ICD-10/ICD-10-CM/PCS transition

for organizations of various sizes, how coding accuracy was im-

pacted based on a comparison of ICD-9/ICD-9-CM data with ICD-

10/ICD-10-CM, and whether the increased specificity of codes led

to improved reimbursement. While physician survey data indicates

that patient care may have been impacted by ICD-10-CM/PCS im-

plementation, additional studies are needed to confirm these find-

ings and evaluate the impact on other aspects of care. A potential

impact on patient care is not unexpected given the time needed for

learning and using a new system.

Prior to the 2015 implementation, some stakeholders predicted

that ICD-10-CM/PCS implementation would have worrying finan-

cial implications for the US healthcare system.32,33 The reported

findings on the costs of the 2015 transition are largely based on sur-

veys, where respondents may or may not have been equipped with

real data. Insufficient data were available to extrapolate how the

cost findings apply to different environments. Given this gap in the

literature, it was not possible to evaluate the full financial impact in

comparison with highly cited projected costs.34

The ICD-10-CM/PCS implementation appears to have resulted

in discontinuities in data tracked over the transition period, across

research, epidemiologic, and clinical settings. However, aside from

highlighting the need to account for transition effects when analyz-

ing such data, the full implications of this finding are unclear, as not

all conditions were affected, and the source of the discontinuities—

whether due to mapping, coding errors, or changes (positive or neg-

ative) in the codes themselves—was generally not established.

Methodologic variability also limited further synthesis. However,

given the evidence for disruptions in morbidity and mortality sur-

veillance for specific conditions with the ICD-10 transition, it will

be important to identify disease areas/conditions that are most likely

to be impacted by the change in codes with ICD-11 and identify

strategies for minimizing the confounding role they may play when

using or analyzing data coded with different ICD versions.

Limitations
Use of a single reviewer per document for initial screening for eligi-

bility may have resulted in the inadvertent exclusion of relevant

articles during the citation screening process; however, we carefully

analyzed interrater agreement prior to commencing single review.

Interrater variance was also mitigated by handsearching of cited

references from highly relevant articles. Quality assessment (includ-

ing risk of bias and strength of the evidence) was not performed, as

the identified study types did not lend themselves to this type of for-

mal assessment.

CONCLUSION

This narrative review revealed significant gaps in the literature, lim-

iting the ability to draw reliable conclusions regarding the impact,

positive or negative, of moving to ICD-10 coding in the United

States and, by extension, the potential impact of a future transition

to ICD-11. These knowledge gaps present an opportunity for future
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research and knowledge sharing, which could help guide decisions

about the upcoming transition to ICD-11. The current state of the

literature has the potential to be misleading in that it may not repre-

sent the full breadth of implementation-related harms and benefits

experienced throughout the healthcare system, as a preponderance

of retrieved studies used qualitative methods, which make the data

more subjective in interpretation. Additionally, there was an overall

lack of reporting on many key outcomes, especially after the imme-

diate ICD-10-CM/PCS post-implementation period. For example,

limited data were available on the costs of the transition, particu-

larly the costs experienced by large physician practices and organiza-

tions. The costs reported by smaller organizations in the literature

are likely not generalizable for larger practices. Additional quantita-

tive studies are needed to understand the true costs and benefits of

the transition, including the effects of the frustrations, delays, and

need for substantial training, and the degree to which morbidity

coding was enhanced. An evaluation plan for how the impact of the

transition to ICD-11 will be addressed should be defined in advance

to ensure that quality data are collected and reported.
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