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Abstract

The Chinese Version of Classification and Codes of Diseases
(CCD) is an expanded version of ICD-10. Hospitals are 
required to assign CCD codes to discharge diagnoses in China.
To handle the contradiction between a shortage of skilled CCD 
coders and increasing coding efficiency, a CCD auto-coding 
method is urgently needed. In this study a hybrid auto-coding 
method was proposed based on the lexical characteristics 
obtained through the analysis of a corpus of 1537 diagnoses 
with normative CCD code. It combines the rule-based 
approach, the Chinese characters-based distributed semantic 
similarity and the dictionary-based approach. The rule-based 
approach was proved to be efficient and precise at the cost of 
time and manpower. The semantic similarity approach shows 
poor performance. The old-fashioned dictionary-based 
approach ends in leading significance. The final accuracy of 
this hybrid approach is 96.9% in the test.
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Introduction

The International Statistical Classification of Diseases and 
Related Health Problems 10th Revision (ICD-10) [1] was
defined as a system of categories to which morbid entities are 
assigned according to established criteria. The ICD was used to 
translate diagnoses of diseases and other health issues from 
linguistic words into alphanumeric codes, which permits easy 
storage and retrieval, and systematic recording analysis of 
mortality and morbidity data. The classification consists of 22 
chapters, which were divided into homogeneous blocks of 
categories, which are further subdivided to at most 10 
subcategories each.
The Chinese Version of Classification and Codes of Diseases 
(GB/T 14396-2001) [2], short for CCD, is an expanded version
of ICD-10 and is widely used in China. It has a strict and 
organized classification hierarchy expanded from four-char 
ICD-10 (9505 subcategory) to six-char codes (23106 
expansion) that allows one-to-one mapping from diseases to 
codes to support the management, inquiry, search and statistical 
analysis of data.
In 2011, the National Health and Family Planning Commission 
of the People’s Republic of China promulgated the notice on 
using CCD codes for encoding discharge diagnoses in the 
summary page of medical records after January 1, 2012 [3].
Accurate CCD diagnosis coding is critical to patient care, 
billing purposes, and research endeavors [4]. Correct, standard 
and complete hospitalization diagnosis by doctors and careful 
implementation of coding principle and careful reading about 

medical record content are the guarantee of ensuring correct
coding [5]. The patient’s course of disease is defined as a 
procedure from admission to discharge with a narrative 
discharge summary including the primary and secondary 
diagnoses by manual input. The paper trail is defined as a 
creation of medical record from the recording of the admitting 
diagnosis to the assignment of the ICD codes after discharge
[6][6].
Errors such as “upcoding” and misspecification may be 
introduced during the conding by the lacking of medical 
knowledge and coder’s experience, attention, and persistence,
the ability to interpret the diagnoses and the inconsistency
between CCD phraseology and clinical phraseology, such as 
the synonyms and abbreviations used to describe the same 
condition. [6].
In most of large hospitals, several professional coders are hired 
by the medical record department to supplement the CCD codes 
in the summary page of hospital records [7]. Nevertheless, the 
contradiction between a shortage of skilled coders and an 
excess of hospital patients makes it a tough task to encode both 
the primary and the secondary discharge diagnoses with ICD-
10. In a first-class hospital in China only two coders are hired 
to assign CCD codes for about 2000 inpatients everyday.
Physicians in the same department usually follow the same 
naming convention so that there is little difference in the record 
names of the same disease in its summary page of hospital 
records. Similar grammar mistakes and medical language 
process makes it feasible to analyze the underlying rules of 
encoding diagnoses into CCD codes and develop a CCD auto-
coding tool for physicians.
To reduce the workload of human coders, Medori and Fairon
[8] extracted necessary information from French discharge 
summaries and combined the symbolic approach and statistical 
approach, since a large corpus of clinical notes was available.
Subotin and Davis [9] developed a system for predicting ICD-
10-PCS codes from the English clinical narrative using partial 
hierarchical classification and confidence calculation and 
estimation. In China, Ning and Yu [10] proposed an algorithm 
to implement ICD-10 coding automatically for clinical 
diagnoses in Chinese and calculated the semantic similarity 
between terms by the definition of distributed semantic 
similarity. Considering the linguistic features of Chinese, the 
results indicate that term vectors constructed from words have 
a higher precision than that from Chinese characters.
In this paper, we analyze and summarize the characteristics of 
discharge diagnoses written by doctors in the Nephrology
Department, Dayi Hospital. A rule-based data pre-processing 
method and a computer-assisted CCD coding method are
proposed.
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Methods

In this study, we collected a corpus, analyzed the lexical 
characteristics of Chinese diagnoses and proposed three 
approaches to auto-code CCD.

Corpus Collection

The corpus of patient Electronic Medical Record (EMR) 
summary pages were collected from a Clinical Data Repository 
(CDR) [11] system, which was implemented in the 2000-beded 
hospital in China. The summary page was in XML format and 
each summary page recorded one primary discharge diagnosis 
of the patient and its associated CCD code assigned by human 
coders. A corpus of 1537 diagnoses with CCD codes considered 
as the gold standard was randomly selected and parsed from 
data repository as the typical language samples to analyze the 
lexical characteristics.

Lexical Characteristics Analysis

Due to individual language habit, doctors may use diverse 
names to define the primary diagnoses and describe the status 
of disease [6]. ICTCLAS [12], which is a Chinese lexical 
analyzer, is used to tokenize the long disease names into 
minimal semantic units (Table 1).

Table 1 – Result of Tokenization

Original Name Tokenization

chronic kidney failure exacerbate
acutely

/n
/b /n

IgA
mild membranoproliferative IgA
nephropathy

/d 
IgA /n

asymptomatic haematuria
/v /n /ng

/n

atypical membranous nephropathy
/d /a

/n
Tags: n – Noun, b - distinguishing words, v – verb, d – adverb, a –
adjective, ng - Noun morpheme.

The analysis results include the tokenization result and 
observational conclusions (Table 2). The hand-input phrases 
usually consist of three components: multiple attributes, one 
core noun and punctations. The punctations consist of 
redundancy such as bracket and digit symbols. Several common 
wrongly written characters of discharge diagnoses are 
discriminated and the reason is analysed.

Table 2 – Semantic Class of Chinese Diagnoses

Semantic class Examples
Attribute

diffuse membranous glomerulonephritis
Noun

diffuse membranous glomerulonephritis
Punctation

nephrotic syndrome, membranous 
nephropathy

nephrotic syndrome (membranous 
nephropathy)

Errors homophone, Chinese character in 
similar form, synonymous symbol,
synonymous words, et al.

Computer-assisted Coding Method

We proposed three approaches for automated CCD code 
assignment: the rule-based approach, the Chinese characters-
based distributed semantic similarity approach and dictionary-
based approach.
Rule-based auto-coding

The rule-based approach contains nine irregular naming 
patterns established from practice and experience (Table 3).
Superfluous prefix or suffix are omitted. Typical prefix words 
include anatomic parts(eg. “ ”Chinese for “leg”), nouns of 
locality(eg. “ ” Chinese for “left”) and scope(eg. “ ”
Chinese for “multiple”), words end with particular Chinese 
characters(eg. property).

Table 3 – Rules for CCD Auto-coding

Pattern Original Name Processed Name
prefix term

right kidney tuberculosis kidney tuberculosis
term suffix

lumbar spinal stenosis disease lumbar spinal stenosis
term1 and/with term2

nephrotic syndrome and acute injury of 
kidney

nephrotic syndrome

acute injury of kidney
term1 punctation1 term2
punctation2 nephrotic syndrome, membranous 

nephropathy
nephrotic syndrome

membranous nephropathy
character in similar form

nephrotic syndrome nephrotic syndrome
homophone

rapidly progressive nephritic syndrome rapidly progressive nephritic syndrome
synonymous symbol Roman numeral �Arabic numeral
synonymous words

hypothyroidism hypothyroidism
remove non-Chinese character 5 1

lumbar 5 sacrum 1 disc herniation lumbar sacrum disc herniation
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Conjunctions (eg. “ ” Chinese for “accompanied”) and 
meaningful punctations(eg. “ ” Chinese for “comma”) are 
sometimes used to connect two individual disease names. The 
CCD dictionary may exclude the combination but include the 
individual. 
Each permutation of the rules applied to one original diagnosis 
name will generate a candidate. The candidates that can be 
matched to any disease name in CCD dictionary or custom 
dictionary (much more on this later) completely will be 
selected. The standard disease name will also be processed if it 
contains particular characters or symbols. The rule-based auto-
coding is invalid if it’s not an exact match. The candidate with 
a perfect match and maximum character count will be 
recommended as the paired CCD code.
Chinese characters-based distributed semantic similarity

The Chinese characters-based distributed semantic similarity
[10] is a method which can implement ICD-10 coding 
automatically for clinical diagnoses in Chinese and has a high 
precision in the test set. It is measured by the cosine similarity 
between vectors converted from Chinese characters.
�� = (��, ��, � ��) and �� = (��, ��, � �	) are defined as the 
standard CCD name (the count of Chiniese characters is 
)
and the hand-input name (the count is �)  repectively.

��� = ����, ���, � ���� , ��� = ����, ���, � ���� are the vectors 
extracted from �� and �� where ��� =  ���

(� � [1, �]), ��� =
��� , �� � {��, ��, � ��} , �� � {��, ��, � ��} . The similarity 
score is

sim(p, �) =
�
�

�
�
�

� |�� � !�|

where

"� = (#�, #�, � #$), #% � [1, �]

&� = ('�, '�, � '$), '% � [1, �]
and � is the count of Chiniese characters of the standard CCD 
name, � is the count of Chiniese characters of the hand-input 
name, � is the count of common characters.
For example, there are one original disease name 

(megaloblastic anaemia) and three candidates of CCD name
(megaloblastic anaemia)¸

(megaloblastic hereditary anaemia), 
(nutritional megaloblastic anaemia). We have

�� = ( , , , , , ), � = 6
��� = ( , , , , , , , ), �� = 8

��� = ( , , , , , , , , ), �� = 9
�*� = ( , , , , , , , , , ), �* = 10

The extracted vectors are ��
�� = ��

�� = �*
�� = ��� = ( , , ,

, , ) , � = 6 , where the sequence vectors and similarity 
scores are

&� = (1,2,3,4,5,6)

"�� = (1,2,4,5,7,8),    sim(��, �) + 2.37

"�� = (1,2,3,4,8,9),    sim(��, �) + 2.83

"*� = (4,5,6,7,9,10),   sim(��, �) + 4.95
The non-Chinese characters are removed before similarity 
calculation. The candidate code with the lowest similarity score 
will be assigned to the disease name. In the above example, the 
CCD code of �� should be assigned to �.
Dictionary-based approach

The dictionary-based approach is to construct a custom 
dictionary which extended the CCD standard disease name with 
disease names used by doctors and its corresponding CCD 

codes given by human coders. The scope of the dictionary tends 
to expand over time. The term absented from CCD dictionary 
will be assigned to its newly assigned CCD code when it 
appears again.
The three approaches are integrated to follow the priority order: 
custom dictionary > rule-based auto-coding > Chinese 
characters-based distributed semantic similarity. If the original
diagnosis fails to match any CCD of the standard CCD 
dictionary or the custom CCD, it is then processed by the rules. 
This procedure may generate several candidates. If no 
candidate is obtained, the auto-coding fails. Otherwise the 
candidates are compared with CCD of the standard CCD 
dictionary or the custom CCD. If no candidate matches 
successfully, the CCD code with a highest score of Chinese 
characters-based distributed semantic similarity is selected as 
the final result. In a situation where there are multiple matches 
in standard or extended CCD dictionary, the first candidate in 
the default sort is selected as the final match. The flow diagram 
of the hybrid method is shown in Figure 1.

An original diagnosis
flag = 0

No (flag=0)

Does it match
Any code in the standard

CCD dictionary?

Does it match any 
code in the custom 

dictionary?

No (flag=0)

YesNo

Result

Yes (flag=0 or 1)
The code with a 
highest score (flag=2)

Yes

No

No

Processed according 
to the rules

flag=1

Is there any new 
candidate? (flag=1)(flag=1)

(flag=1)

(flag=1)

Chinese characters-
based distributed

semantic similarity
flag=2

Figure 1 – The Flow Diagram of the Hybrid Method

Results

The corpus of 1537 diagnoses were auto-coded according to the
hybrid approach. Then we verified the validity of recommended 
CCD codes by the gold standard codes assigned by human 
coders. In Table 4 the count of right results of each pattern was 
calculated programmatically. Each pattern contributes to a bit 
of the final result and the percentage number indicated the 
contribution.
About ten percent of raw diagnoses written by doctors could be 
mapped to one CCD code without any medical language 
processing. It indicated that the language habit and common 
parlance in the clinical context varied among terms in CCD 
dictionary.
Rule-based auto-coding was an effective method with high 
accuracy but low recall. We applied regex functions for
specified patterns; that is, candidates were searched among both 
the standard disease names and the original disease names 
according to the rules. It supplemented 42.4% diagnoses with
correct CCD codes. We developed and reviewed every rule 
carefully at the cost of time and manpower. A further 
investigation was carried out and it came to the conclusion that 
the auto-coding rules were largely consistent across all 
departments.
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Table 4 – Auto-coding Result

Approach Pattern Count Percent
Direct Match 161 10.5%
Processed 
Standard 
Name

term1 punctation1
term2 punctation2 285

42.4%

prefix term suffix 12

Processed 
Original
Name

prefix term 114
term suffix 27
term1 and/with term2 4
term1 punctation1
term2 punctation2 123

character in similar,
form, homophone,
synonymous words

18

synonymous symbol 57
remove non-Chinese 
character 12

Chinese characters-based distributed 
semantic similarity 18 1.2%

Dictionary-based 659 42.9%
Mismatch 47 3.1%
Count 1537 100%

Chinese characters-based distributed semantic similarity 
method was a method dedicated to Chinese characters with 
mediocre accuracy, poor efficiency and small influence. Only 
1.2% discharge diagnoses were under valuable influence.
The dictionary-based approach improved the matching rate 
from 52.9% to 97%. It proved to be an invalid approach initially 
and would play a leading role as it scaled. It may start out as 
unreliable, but it can be trained and developed into a practical 
handbook coders can rely on. At present, most of the hospitals 
seldom established this kind of dictionary and even had no 
information system assisting the human coders [13].
For mismatched cases, some errors are analyzed. One case is 
that the original name is 
(the hardening of the arteries of both lower limbs with multiple  
plaque buildup) and the standard name is 

(atherosclerosis of arteries of lower limbs). Another case 
is that the original name is (kidney 
damage due to (not mentioned in Chinese) systemic small-
vessel vasculitis) and the standard names are 
(systemic small-vessel vasculitis) and

(glomerular disorders in systemic 
connective tissue disorders, ICD-10: N08.5*). It infers that 
mismatches may be caused by the usage of totally different 
syntax.

Discussion

The combination of the three approaches reached 96.9% 
precision for the auto-coding of 6-char CCD in the Nephrology
Department. Ning et al.[14] used a hierarchical method to 
automatically encode Chinese diagnoses through semantic 
similarity estimation, reaching the precision of 4-char coding is 
about 92%. It indicates that our method improved the fineness 
without diminution of accuracy.
The rule-based method and the dictionary-based approach cost 
running times within 1 second, while the Chinese characters-
based distributed semantic similarity is long-running process.
The average running time of the method proposed by Ning[14]
is about 1 second. For the little sense made by the Chinese 
characters-based distributed semantic similarity method, it is 
suggested to be abandoned.

The rule-based method in this paper is essentially an extended 
dictionary matching approach enriched with rule pre-
processing. It is not a traditional rule based approach for other 
tasks. A hospital-wide, highly efficient, precise auto-coding 
system coordinating the rule-based method and the dictionary-
based approach is the next challenging task in our project.
The rule-based method and dictionary-based approach take 
merely a fraction of operation time. However, the Chinese 
characters-based distributed semantic similarity method 
requires more internal storage and longer execution time, 
because the dictionary is large and the similarity calculation and 
comparison between each code is time-consuming.

Conclusion

In this paper we introduced the usage condition of ICD-10 in 
China and the expanded version of ICD-10 known as CCD. The 
existing approaches assisting human coders to assign CCD 
codes to diagnoses context were reviewed. Three methods were 
proposed. Rule-based auto-coding method is of high 
effectiveness and precision. Chinese characters-based 
distributed semantic similarity method performed poorly. The
dictionary-based approach proved to be gradually crucial and
reliable.
Howerver, there are still limitations. The hybrid appoach is of 
low portability and interoperability, because rules for auto-
coding and the custom dictionary differ from hospital to 
hospital. Rule-making and dictionary construction for each 
single hospital is of high cost and low efficiency. In future 
work, we will conduct the in-depth analysis of auto-coding and
develop a hospital-wide system to assist the work of human 
coders.
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