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ABSTRACT

Introduction: Accurate coded data in the healthcare are critical. Computer-Assisted Coding (CAC) is
an effective tool to improve clinical coding in particular when a new classification will be developed and
implemented. But determine the appropriate method for development need to consider the specifications
of existing CAC systems, requirements for each type, our infrastructure and also, the classification scheme.
Aim: The aim of the study was the development of a decision model for determining accurate code of each
medical intervention in Iranian Classification of Health Interventions (IRCHI) that can be implemented as
a suitable CAC system. Methods: first, a sample of existing CAC systems was reviewed. Then feasibility
of each one of CAC types was examined with regard to their prerequisites for their implementation. The
next step, proper model was proposed according to the structure of the classification scheme and was
implemented as an interactive system. Results: There is a significant relationship between the level of
assistance of a CAC system and integration of it with electronic medical documents. Implementation of
fully automated CAC systems is impossible due to immature development of electronic medical record and
problems in using language for medical documenting. So, a model was proposed to develop semi-auto-
mated CAC system based on hierarchical relationships between entities in the classification scheme and
also the logic of decision making to specify the characters of code step by step through a web-based
interactive user interface for CAC. It was composed of three phases to select Target, Action and Means
respectively for an intervention. Conclusion: The proposed model was suitable the current status of clinical

documentation and coding in Iran and also, the structure of new classification scheme. Our results show

it was practical. However, the model needs to be evaluated in the next stage of the research.

Keywords: Clinical Coding, Computer-Assisted Coding, Health, Information Technology.

1. INTRODUCTION

Data and statistics about medical pro-
cedures or other services that is deliv-
ered to health improvement, are critical
from several aspects. It is not limited to
surgeries or therapeutic procedures, but
is related to all health interventions. In
general, health interventions refers to
any activity that is done to assess, pro-
mote or improve the health status and
health-related functions of a patient or
population of individuals (1). Data of
interventions is important to following
applications: The first, to measure the
utilization of health services according
to utilization indicators (2). The second,
evaluating the quality of care in all of
the healthcare settings such as acute
care, rehabilitation and public health.
Third, research on effectiveness or
other effects of interventions and pro-
cedures on patients or specific popula-

tions. In addition, data of interventions
can help to management and allocation
of health resources through identifying
the required interventions patterns
based on population characteristics in-
clude age, gender and prevalent health
problems in different regions (3).

The most important concern to use
health intervention data in the afore-
mentioned applications is the accuracy
of these data, which are usually in the
form of coded data by classification sys-
tems (4). In fact, the quality of coding
of medical procedures or health inter-
vention data will have a significant im-
pact on the accuracy of the data that are
used in the above fields. Due to the im-
portance of this issue, many studies de-
termine the accuracy and consistency
of health coded data and solutions to
improve. For example, A British sys-
tematic review showed that the median
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accuracy of diagnostic codes was 80.3% and for procedure
codes were 84.2 % (5). Similar systematic review in 2015 on
accuracy of clinical coding in Iran, has been shown that the
accuracy of diagnostic codes was between 41.8% to 88.78%
and for procedure codes was between 80.21% to 98.93% (6).

Another study in the USA showed that eight percent of
monthly coded imaging procedures related to the musculo-
skeletal system are wrong in hospitals (7). In the similar pro-
spective study, error rate of assigned codes to the oral and
Maxillofacial surgeries was between 32 to 33% in teaching
hospitals of England (8). The results of the similar study in
Iran showed that from 246 medical records, 18.7% have an
error in procedure codes (9).

It is said that, one of best solutions other than coders
training and physician involvement in the coding work, is
Computer-Assisted Coding (CAC) (10, 11). According to the
definition provided by American Health Information Man-
agement Association (AHIMA), CAC is means “the use of
computer software that automatically generates a set of med-
ical codes for review, validation and use based upon clinical
documentation provided by healthcare practitioners” (12).
There are different types of CAC solutions from fully auto-
mated by Natural Processing Language (NLP) techniques to
semi-automated types. Selection of a proper method is not so
easy and depends on the terms of use.

In Iran, from one side, with the implementation of the
health reform plan from 2013, the quality of clinical doc-
umentation and medical coding were taken into account
more than the past. Investigations in 2016 about the status of
coding software in hospitals depicted that there is no specific
system for coding and coders use the subsystem of Hospital
Information System only for entering the codes and limited
reporting. They do not have any the capability to assist the
decision making of coders (13). Then, CAC systems are re-
quired.

From the other side, Iran is among the countries that
have no national classification for procedure coding and use
volume three of ICD-9-CM for it. Moreover, only invasive
surgical and nonsurgical interventions are being coded based
on ICD-9-CM volume 3 and other procedures only are being
coded by Relative Value Units (RVU) coding system for
billing and reimbursement. For this reason, efforts to develop
a national classification have been started in October 2015,
following the end of maintaining ICD-9-CM and replacing
ICD-10-CM, PCS in United State. According to the recom-
mendations of the World Health Organization to countries
that have used the ICD-9-CM for procedure coding, were
initiated activities and programs for developing a national
adopted classification based on framework of International
Classification of Health Interventions (ICHI) (14). Now, de-
velopment of CAC based on ICD-9-CM does not have eco-
nomic justification. In contrast, CAC becomes indispensable
when the new classification system will be replaced. Since,
there will genuine concerns for future successful transition
process due to the lack of readiness and skill of coders to use
new classification. Therefore, as a part of the project of Ira-
nian Classification of Health interventions (IRCHI), a study
on the appropriate approach for computer-assisted coding of
the new classification was performed. The aim of this study is
finding the suitable and practical model of decision to select
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the most appropriate code from new classification for each
medical procedure or intervention. The model should be im-
plementable in order to develop a computer-assisted coding
system.

2. METHODS

Efforts to develop a national classification of health inter-
vention in Iran were started from October 2015 by support
of Ministry of Health. Simultaneously, required studies were
conducted for choosing the proper method or the decision
model of computer aided coding. The first step of the study,
we did a review of the existing systems. For this, review mea-
sures and comparison criteria were defined in four categories
based on type of systems, include general specifications for
all of them, specification of fully automated systems, speci-
fications of semi-automated systems and finally for look up
systems. According to defined measures, a checklist was pre-
pared. Content of checklist reviewed and verified by two
group of experts from field of health information manage-
ment (four people) and medical informatics (two people). We
did search by keywords of “Computer-Assisted Coding”,
“CAC software”, “CAC tool”, “medical coding software”,
“clinical coding software”. In addition, snowflake search
was done from documents, which in some systems were in-
troduced. The search continued until reaching the saturation
level. Data collection was done by review of their developers’
websites, catalogs and brochure, web-demo and if possible,
observation of trial version of them. Systems were included
in the study, which was obtained more than 70 percent of the
necessary information about them. We used descriptive anal-
ysis for all variables and also Chi square test for some cases.

In the second step, feasibility of each one of CAC types ex-
amined with regard to their prerequisites for their implemen-
tation and status of infrastructures, medical documentation
and coding in Iran. Then, proper model was proposed based
on the results of previous steps and the structure of the clas-
sification scheme. The model implemented as an interactive
system with ASP.NET.

3. RESULTS

3.1. Review of current systems

In the first section, we answer to this question that what
is the status of existing coding-assisted systems. It helps to
know that what the capabilities and specifications in each of
the system types are typical and what prerequisites are essen-
tial to their development. Totally 41 CAC systems were iden-
tified by searching. Of these, 16 systems were excluded due
to more than 70% of the required information about them
was not accessible. So, 25 systems were examined. The distri-
bution of them according to general specifications and three
types has been depicted in Table 1 (15-42).

There was not a significant relationship between mode
of delivery and assistance level (P value < 0.05, Chi-square
test). In contrast, a significant relationship was observed be-
tween the assistance level and interoperability. So that, all of
the fully automated coding systems integrated to Electronic
Medical Record (EMR) (P value < 0.05, Chi-square test). In
addition, the relationship between method of code assign-
ment and assistance level was examined, but no significant re-
lationship was not observed (P value < 0.05, Chi-square test).
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CAC Types NLP-Based Seg‘q;g‘éw' L°°(m”_ﬂ g)"de Total
I _ = = o
General Specifications (N=11) 44.0% (N=4) 16.0% 40.0% (N=25)100%
Web-based (4) 36.4% (1) 25% (7)70% (12) 48%
Delivery Mode  On-premises (2) 18.2% (2) 50% (1) 10% (5) 20%
Cloud-based (5) 45.5% (1) 25% (2) 20% (8) 32%
Integrated (11) 100% (2) 50% 0 (13) 52%
Interoperability ~ Standalone 0 (1) 25% (9) 90% (10) 40%
Both 0 (1) 25% (1) 10% (2) 8%
Inpatient 0 (1) 25% 0 (1) 4%
‘S“C’g")'ga“"" Out-patient (1)9.1% 0 (1)10% 2)8%
Both (10) 90.9% (3) 75% (9) 90% (22) 88%
Hospitals/
Academic (2) 18.2% (1) 25% 0 (3) 12%
Centers
Physician 9 o,
Users office 0 0 (1) 10% (1) 4%
Other
Health-related (1)9.1% 0 (1) 10% (2) 8%
Facilities
Al (8)72.7% (3) 75% (8) 80% (19) 76%
Method For Code List (6) 54.5% (3) 75% (10) 100% (19) 76%
Code Assign- i
ment Single Code (5) 45.5% (1) 25% 0 (6) 24%
Geographic Lo- North America (11) 100% (3) 75% (8) 80% (22) 88%
cation of Devel- Europe 0 0 (1) 10% (1) 4%
opment Asia-Pacific 0 (1) 25% (1)10% (2) 8%

Table 1. General Specifications of studied Computer-Assisted Clinical Coding
Applications

32% of systems, we're able to reimbursement coding addi-
tion to the clinical coding. 24% of studied systems have re-
imbursement coding, coding audit and reporting capabilities.
8% have only reimbursement coding and coding audit, 8%
only audits, and reporting, 4% only reporting, 4% only edu-
cation, 4% only auditing. 8% of systems have all of the above
capabilities.

The majority of them (60%), provide the related coding
guidelines to users. Seven system (28%) provide medical dic-
tionary as an add on module. Five of the systems (20%) pro-
vide other tools such as RVU calculator. 4% have a Clinical
Document Improvement (CDI) add on module for med-
ical documents quality auditing or review from aspects of
completeness, timeliness and etc. In addition, 4% of studied
CAC solutions have both CDI and statistical dashboard (vi-
sual statistical reporting tool) as their add on modules. The
remaining systems (44%) were not any add on functionality
separate from their core modules.

Of the total 11 systems, fully automated or NLP-based,
27.3 percent have used machine-learning techniques, 27.3
percent from a combination of statistical techniques, machine
learning and symbolic NLP have used for the processing of
medical documentation and coding. The technique used in
natural language processing engine was uncertain in 45.5
percent of NLP-based CAC systems. Only 27.3 percent of
NLP-based systems allow crosswalk or mapping between
used different classification codes and others (73 per cent) had
no such feature. More than half of the coding systems based
on NLP (55 percent) provide the possibility to edit codes.

Of the total four semi-automatic systems examined, 50
percent, guide the coder through a wizard to allocate an ap-
propriate code. Half of semi-automated systems (50%) pro-
vide the possibility of code edit to users. 50% of semi-auto-
matic coding systems provided crosswalk between related
codes of various classifications. Another type of studied sys-
tems were look up systems that the distribution of their spe-
cific capabilities are presented in the Table 2.
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Capability Type N (%)
Keyword (2) 20%
Search Code (1) 10%
Both (7) 70%
Navigation in clas- Drill-down (6) 60%
sification Tree structure (4) 40%
Quick link for exclude codes (1) 10%
Quick link for cross references (2) 20%
Navigation in Quick link for cross references and exclude
content notes (1) 10%
Quick link for rubrics and code titles (4) 40%
All (2) 20%
Mapping or cross- Yes (9) 90%
walk No (1) 10%

Table 2. Capabilities of look up CAC systems

3.2. Selection of Feasible CAC Type

In the section, we answer to the question that which types
of systems can be developed with regard to the prerequisites
and existing infrastructure or conditions. As results of per-
vious step shows, there is a significant relationship between
assistance level and interoperability. It is quite certain that,
full-automated systems that always created on base of NLP
should have access to electronic documents. However, in
Iran, electronic medical record hasn’t been implemented lit-
erally in hospitals and often is in stage 2 of the EMR adop-
tion model (EMR AM) (43-44). Electronic data are restricted
to administrative-financial data, laboratory data and med-
ical images. From clinical data, only some of the main data
include diagnoses, surgical procedures, medications, moni-
tored vital signs and discharge data as structured entered into
the hospital information system. The narrative data are very
limited in electronic format and confined to radiology or pa-
thology reports.

In some of hospitals, paper medical records scanned and
stored electronically. However, they must be processable with
optical character recognition (OCR) technique. In addition,
the current language of medical documentation is Persian, so
that physicians and nurses usually write their notes, except
radiology and pathology reports, in the Persian language but
also use of medical terminologies and abbreviations in En-
glish in their notes. Although there are a few physicians who
write medical notes in English, however, there are no rules
about documentation language. In such situations, proper
CAC can’t be built up in the form of a fully-automated or
NLP-based. According to the results of the previous step, it
seems that look up systems due to their navigation and search
capabilities more used to verify the selected code. So it would
not be appropriate in situations where coders are faced with a
new classification and even, they do not know how to choose
a code. Therefore, a semi-automated CAC is more suitable.

3.3. Proposed three-phased decision model

In the section, we respond to this question that what is ap-
propriate model to develop a semi-automatic system to help
code selection and to facilitate coding with the new classifica-
tion. We proposed a model based on the classification scheme
of IRCHI, which is in accordance with the ICHI classifica-
tion scheme in structure. In this classification scheme, each
intervention is specified and classified based on three axis in-
clude “Action” (that is, work that’s done), “Target” (the entity
on which the Action is performed) and “Means” (approach,
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Open Pupillotomy

First Phase:

Select Target >>

Select Section >> Pugillotomy is performed on Body System and Fuction

Select Chapter >> Pupillotomy is performed on the Eve

Select Target Group >> Pupillotomy is performed on Eve, anterior segment structures.

First character is betweenAto §
The first character is B
The second character is B
Select Target Title >> Pupillotomy is performed on Tris The third character is C
Iris has Target Incl of Pupil

Target Code is BBC

Second Phase:

Select Action >>

Select Action Type>> Pupillotomy is 2 Theraputic Intervention
Select Action Detail >> Pupillotomy is a Incising

Select Action Title >> Pupillotomy is a Incision

Fourth character is between D to S
The fourth character is F
The fifth character is A

Action Code is FA
Third Phase:
Select Means>>
Select Means Type>> Open Pupillotomy has 2 Approach
Select Means Title >> Open Pubillotomy performed by Open Approach

Sixth character is A
Seventh character is A

Means Codeis AA

Figure 1-logic of decision making for determining code of “open pupillotomy”

Select action
Select action

Action type:
Action type:
~Select-- type
Action detail: Therapeutic |
Action detail:
~Select-
Indsing s
Action title: o
Action title:

~Select-
| -select- v

~Seledt-
Division

BBC -- - Resse

1=1=i5)

<<Prtens

Figure 3-Screenshots of the system in phase of Action selection

Select target

3 Select target
Section:

| Interventions on Body Systems and Functions section:

Chapter: Interventions on Bady Systems and Functions
Chapter:

‘ Interventions on the Eye pre—————

Target Group: Target Group:

Eye, anterior segment structures v

Eye, anterior segment structures B
Target:

—Select—-
Eye, anterior segment structures Iris v

Eye, function

Eye, posterior segment structures
Eyelid, lacrimal system, orbit
Ocular muscles

Seeing and eye(ball), unspecified Pupl

Targetincl

Figure 2- Screenshots of the system in phase of Target selection

technique or sample by which the Action is done) (166). Each
axis is represented by a part of the seven-character structure
of the code. Part 1 which is the first three characters of code,
represents Target specifications include entities of Target Type
or section (that specifies range of first character), Target Cate-
gory or Chapter (the first character), Target Group (the second
character) and Target Title (the third character). Part 2 which
is the next two characters represents Action specifications in-
clude entities of Action Type, Action Detail and Action Title.
Part 3, which is the last two characters, represents entities of
Means Type and Means Title. The entities in each of the above
parts, have the hierarchical relationship of parent-child with
“is a” or “part of “and “has a”.

The model designed based on hierarchical relationships be-
tween entities in the classification scheme and also the logic of
decision making to specify the characters of code step by step
through a web-based interactive user interface for CAC. It is
composed of three phases (i) select Target, (ii) select Action and
(iii) select Means. For example, Figure 1 shows the logic of de-
cision making to determine the code of “open pupillotomy”.

In general, to implementation of the model, we identified
valid relations that generate valid codes and defined the rules
specifying code characters based on the question and user re-
sponse and selection of possible entities from related options
in each phase. The number of questions in the first, second
and third phase of decision model is four, three and two re-
spectively. Figures 2-4 show function of designed CAC solu-
tion for the example of “open pupillotomy” based on pre-
sented model.

4. DISCUSSION

As results of review on existing systems shown, fully au-
tomated CAC systems, which are on base of NLP, are pop-
ular solutions. But, despite their popularity, they need to
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Seloct Means

Means type:

Approach
Weans title:

Descriptor

Iidotomy
Open approach

IncludesTerms

MeansDefinition
Discission of s; Irdotomy wih transfixion; Puncure; Pupilotomy

By incision to access the actual site (target) of the intervention

IncludesNotes

BBC FA — by laser
Excludes

that with scleral fistulisation (BCB FA AAY. that done with simultaneous lens extraction (BBF JK AA)

BBC FA AA

Figure 4-Screenshots of the system in phase of Means selection and code
generation

some infrastructures such as integration with electronic clin-
ical documents, using the standard terminologies and unique
language for documentation. Our results show a significant
relationship between the assistance level and interoperability
with HIS or EMRs. As Jusinski mentioned that NLP based
CAC systems are dependent on fully electronic medical doc-
uments (45). As regards, no hospital in Iran, do not have elec-
tronic medical records and studies have been shown the ma-
jority of hospitals are in stage 2 of EMR AM (43-44), imple-
mentation of fully automated CAC systems is impossible. In
addition, several researchers emphasized on the necessity of
using the unique language and standard terminology in med-
ical documentation for implementing NLP based systems
(46-48). However, in Iran, physician and other care special-
ists use a combination of both languages of English and Per-
sian for clinical documentation (49). This problem the part
of speech tagging makes difficult to develop the NLP-based
CAC systems.

One of the interesting finding of our review on existing
CAC systems was that mostly NLP-based systems had been
developed in North American countries and other coun-
tries mostly turn to develop non-NLP based or semi-auto-
mated CAC systems. Our results can be compatible with the
results of other studies which believe that the development
of NLP-based systems is difficult to agglutinative languages
or synthetic languages that use morphological agglutinative
such as German, Dutch, Arabic and Persian (46, 50-52). Ac-
cording to Xuehelaiti, agglutinative languages widely used
in Korea, Japan, Turkey and other countries in Middle East
and Asia (53). These languages have complex morpholog-
ical phenomena; consequently, morphological processing is
important and difficult in NLP while the NLP systems that
were created focused on word processing (50-51).

Although, the results have been shown that semi-auto-
mated systems are less popular than the other types of CAC
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systems, but, they are more practical for countries with
similar status of Iran from aspect of infrastructure and lan-
guage. Fortunately, hierarchical structure in the classification
scheme of the new classification, allowed developing the suit-
able model of decision-making for selecting the related code
in step-by-step way. The study of Ning demonstrated how
the hierarchical structure of a classification could help to im-
prove effectiveness of CAC system (54). Of course, the effec-
tiveness of this model on choosing the most correct code was
not evaluated which is a limitation of our study. Therefore,
one of the important next steps that must be done in the con-
tinuation of this study is to evaluate the system. Evaluate the
effectiveness of the system on the correct coding with new
classification and usability of it for users. In addition, to de-
termine the correct Action Detail or Action Title of an interven-
tion may need to set more rules and add further questions to
the second phase of the model. It is possible through if-then
rules with regard to the provided definitions and inclusion or
exclusion notes for each Action Titles in the classification.

5. CONCLUSION

The proposed model that designed according to required
infrastructures for each type of CAC solution and the current
stratus of clinical documentation and coding in Iran and also,
the structure of new classification scheme. Our results show
it was practical. However, the model needs to be evaluated in
the next stage of the research.

e Acknowledgement: This study is a part of common research between Ministry
of Health and Medical Education of Iran, (Deputy of Treatment, office of statis-
tics and treatment information management) and Tehran University of Medical
sciences as PhD thesis. Financial support provided by Ministry of Health. We
thank from Ms. Akram Vahedi and other persons who provided support and
expertise that greatly assisted the research.

o Conflict of interest: none declared.

REFERENCES

1. WHO. International Classification of Health Interventions
(ICHI); Alpha Version: WHO-FIC Family Development
Committee, 2016.

2. Drésler S. Facilitating Cross National Comparisons of Indica-
tors for Patient Safety at the Health System Level in the OECD
Countries, 2008.

3. Ustun B. WHO perspectives on International Classification of
Health Interventions. WHO Family of International Classifica-
tions Network Annual Meeting 11 to 17 October 2014, Barce-
lona, Spain, 2014: 1-2.

4. Aljunid SM, Srithamrongsawat S, Chen W, Bae SJ, Pwu R-F,
Tkeda S, et al. Health-care data collecting, sharing, and using
in Thailand, China mainland, South Korea, Taiwan, Japan, and
Malaysia. Value in Health. 2012; 15(1): S132-S8.

5. Burns EM, Rigby E, Mamidanna R, Bottle A, Aylin P, Ziprin
P, et al. Systematic review of discharge coding accuracy. Jour-
nal of Public Health. 2012; 34(1): 138-48.

6. Madani T, Ahmadi M. A Systematic Review of Treatment and
Quality of Diagnostic Coding and its Influencing Factors in
Iran. Journal of Healthcare Management. 2016; 7(1): 67-80.

7.  Friedman MV, Schmidt RM, Baker JC, Demertzis JL, Hillen
TJ, Jennings JW, et al. Improving Current Procedural Termi-
nology Coding Accuracy in Imaging-Related Musculoskeletal

92

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Interventions. Journal of the American College of Radiology.
2015; 12(7): 698-702.

Khurram S, Warner C, Henry A, Kumar A, Mohammed-Ali
R. Accuracy of clinical coding for procedures in oral and max-
illofacial surgery. British Journal of Oral and Maxillofacial Sur-
gery. 2016; 54(8): 894-7.

Farzandipour M, Sheikhtaheri A, Arani LS. Accuracy of Proce-
dure Codes Based on ICD9CM. Health Information Manage-
ment. 2011; 7(4): 410-22.

Walraven CV, Demers SV. Coding diagnoses and procedures
using a high and quality clinical database instead of a medical
record review. Journal of evaluation in clinical practice. 2001;
7(3): 289-97.

Maclean D, Younes HB, Forrest M, Towers HK. The accura-
cy of real-time procedure coding by theatre nurses: A compar-
ison with the central national system. Health informatics jour-
nal. 2012; 18(1): 3-11.

AHIMA. Delving into Computer-assisted Coding (AHIMA
Practice Brief). Journal of AHIMA / American Health Infor-
mation Management Association. 2004; 75(10): 48A-H.
Sarbaz M, kimiyafar K, Hosseini M, Hemati Javanmard F, ed-
itors. A Survey on statue of using coding softwares of diagno-
ses and medical procedures in Mashhad city from viewpoint of
health information management staff. The first Internation-
al Congress of Disease and Health Outcomes Registry 2017;
Mashhad, Iran. Mashhad University of Medical Sciences, 2017.
Paviot BT, Madden R, Moskal L, Zaiss A, Bousquet C, Ku-
mar A, et al. Development of a new international classification
of health interventions based on an ontology framework. Stud
Health Technol Inform. 2011; 169: 749-53.

Morsch M. Leading the next generation of coding technology;
Natural language processing with Optum™ LifeCode®. White
Paper from Optum™ LifeCode®. 2012: 1-8.

Clin Plus Coding Software. USA: DZS Solutions; 2016;
Available
sets/271135/Coding_Single_for_Web_optimized_original.
pdf.

ICD-10 Ready Now. USA: Med-Bill Inc; 2016 [cited 2016 14
Sep]; Available from: http://icd-10readynow.com/.
Speedcoder. USA: American Medical Association; 2016 [cited
2016 18 July]; Available from: http://www.speedecoder.com/

from:  https://workstory.s3.amazonaws.com/as-

appnew/search/help.php#.

Flash Code with ICD-10 Smart Search the Ultimate Electron-
ic Coding Solution. Flash Code Solutions, LLC; 2016 [updat-
ed April 10, 2015 cited 2016 8 Sep]; Available from: https://
www.healthcare-informatics.com/article/flash-code-icd-10-
smart-search-ultimate-electronic-coding-solution.

X Coding Technologies. USA2016 [cited 2016 14 July]; Avail-
able from: http://software-technics.com/index.htm.

Free Medical Coding Free Medical Codes; 2016 [cited 2016 14
July]; Available from: http://www.freemedicalcoding.com/.
Bee M. 3M 360 Encompass System: Breakthrough application
addresses complex reimbursement challenges in healthcare. In-
terSystems; 2014 [cited 2016 15 Oct]; Available from: https://
www.intersystems.com/assets/3M-Success-Story.pdf.

3M™ 360 Encompass™ System. USA: 3M; 2016 |[cited
2016 8 Aug]; Available from: http://www.3m.com/3M/en_
US/360-encompass-system-us/computer-assisted-coding/.
Computer Assisted Coding. Atlanta, GA: M-Scribe; 2016 [cit-
ed 2016 14 Aug]|; Available from: https://www.m-scribe.com/

ORIGINAL PAPER / ACTA INFORM MED. 2017 JUN; 25(2): 88-93



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

A Three-Phase Decision Model of Computer-Aided Coding for the Iranian Classification of Health Interventions (IRCHI)

computer-assisted-coding.

Medical Coding and Computer Assisted Coding. Precyse Solu-
tions; 2016 [cited 2016 10 Sep|; Available from: https://www.
precyse.com/solutions_medicalcoding.php.

precyseCode. USA: Precyse Advanced Technologies; 2011 [cit-
ed 2016 14 Sep|; Available from: http://precyse.com/resources/
PrecyseCode_Brochure.pdf.

Proven, Fully Integrated Coding Solution. Nuance Communi-
cations, Inc; 2013 [cited 2016 15 Aug]; Available from: http://
www.nuance.com/ucmprod/groups/corporate/ @web-enus/
documents/collateral/nc_032627.pdf.

Clintegrity CAC Solutions. Nuance Communications, Inc;
2016 [cited 2016 14 Sep].

TruCode Encoder. TruCode; 2016 [cited 2016 6 July]; Avail-
able from: http://www.trucode.com/products/trucode-encod-
er/.

Fusion CAC. Dolbey; 2016 [cited 2016 16 Sep|; Available
from: http://www.dolbey.com/solutions/coding/fusion-cac/.
Daniel T. Heinze, Mark Morsch, Ronald Sheffer, Michelle Jim-
mink, Mark Jennings, William Morris, et al. LifeCode: A De-
ployed Application for Automated Medical Coding. AI Maga-
zine. 2001; 22(9): 76-88.

Optum360 Encoder pro. Optum360 2016 [cited 2016 10 Oct];
Available from: https://www.optum360coding.com/.

Find A Code. Find A Code, LLC; 2016 [cited 2016 26 June|;
Available from: https://www.findacode.com/.

Clarisoft. Australia: Clarisoft Pty Ltd; 2012 [cited 2016 7 June];
Available from: http://www.clarisoft.com.au/.

PLATOCODE CAC. PLATOCODE solution 2016 [cited 2016
27 Sep]|; Available from: http://www.platocode.com/.
EMscribe encoder. Artificial Medical Intelligence; 2016 [cited
2016 22 June]; Available from: http://www.artificialmed.com/
emscribe-encoder/.

TurboCoder. Australia: eComPress; 2016 [cited 2016 3 Sep];
Available from: http://www.turbocoder.com.au/index.html.
CodeMax. Indegene Healthcare; 2016 [cited 2016 30 Sep];
Available from: http://codemax.indegenehealthcare.com/in-
dex.html.

Fluency for Coding™ Platform. M*Modal; 2016 [cited 2016
30 Sep]; Available from: https://mmodal.com/.

VitalCoder™. VitalWare, LLC; 2016 [cited 2016 30 Sep];
Available from: https://vitalware.com/vitalcoder/.

EpiCoder. Zebu Compliance Solutions; 2016 [cited 2016 30
Sep]; Available from: http://www.zebucompliance.com/epi-
coder.

CodeManager. AMA; 2016 [cited 2016 18 Oct]; Available from:
https://commerce.ama-assn.org/store/catalog/productDetail.
jsp?quantity=6&termlId=2400002&product_id=prod270002.

ORIGINAL PAPER / ACTA INFORM MED. 2017 JUN; 25(2): 88-93

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Ayat M, Sharifi M. Maturity Assessment of Hospital Informa-
tion Systems Based on Electronic Medical Record Adoption
Model (EMRAM); Private Hospital Cases in Iran. Internation-
al Journal of Communications, Network and System Sciences.
2016; 9(11): 471.

Hamidi Farahani R, Sharifi M, Ayat M, Markazi Moghaddam
N. Hospital Information Systems in Iranian Military Hospitals:
A Multiple Case Analysis. ] Arch Mil Med. 2014; 2(4): €22853.
Jusinski L. Two Types of Computer-assisted Coding. AD-
VANCE for Health Information Professionals. 2008 January
14;2008: 19.

Arifoglu D, Deniz O, Alecakir K, Yondem M. CodeMagic:
Semi-Automatic Assignment of ICD-10-AM Codes to Patient
Records. Information Sciences and Systems 2014: Springer;
2014:259-68.

Crammer K, Dredze M, Ganchev K, Talukdar PP, Carroll S, ed-
itors. Automatic code assignment to medical text. Proceedings
of the Workshop on BioNLP 2007: Biological, Translational
and Clinical Language Processing, 2007.

Iroju OG, Olaleke JO. A Systematic Review of Natural Lan-
guage Processing in Healthcare. International Journal of Infor-
mation Technology and Computer Science. 2015; 8: 44-50.
Haghighi MHH, Dehghani M, Teshizi SH, Mahmoodi H. Im-
pact of documentation errors on accuracy of cause of death cod-
ing in an educational hospital in Southern Iran. Health Informa-
tion Management Journal. 2014; 43(2): 34-42.

Lee G, Lee J-H, editors. SKOPE: A connectionist/symbolic ar-
chitecture of spoken Korean processing. International Joint
Conference on Artificial Intelligence. Springer, 1995.

Salakoski T, Ginter F, Pyysalo S, Pahikkala T. Advances in Nat-
ural Language Processing: 5th International Conference, Fin-
TAL 2006 Turku, Finland, August 23-25, 2006 Proceedings:
Springer Berlin Heidelberg, 2006.

Farghaly A, Shaalan K. Arabic natural language processing:
Challenges and solutions. ACM Transactions on Asian Lan-
guage Information Processing (TALIP). 2009; 8(4): 14.
Xuehelaiti M, Liu K, Jiang W, Yibulayin T, editors. Chinese
Computational Linguistics and Natural Language Processing
Based on Naturally Annotated Big Data, graphical language
model for agglutinative languages; Uyghur as study case. 12th
China National Conference, CCL 2013 and First International
Symposium, NLP-NABD 2013 2013 October 10-12, Suzhou,
China. Springer Berlin Heidelberg,2013.

Ning W, Yu M, Zhang R. A hierarchical method to automati-
cally encode Chinese diagnoses through semantic similarity es-
timation. BMC medical informatics and decision making 2016;
16(1): 1.

93



