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Abstract

The problem of clinical document gap analysis has been well studied.
There are numerous techniques identified which uses only the Meta data of
the document. However, the methods produces higher false rate in gap
analysis. To overcome the deficiency, this paper presents a Topical
Informative Depth based gap analysis in clinical documentation. Instead of
looking for completeness of all the fields of a topic, the TID measure
represent the depth of information about any context can be used. The
method reads the patient chart and records first. In the second stage,
according to the category of the disease, the list of features, symptoms,
diagnosis, test results are obtained from Meta data. The record has been
verified for the presence of all the features considered. Based on the
features identified, the method estimates the semantic coverage score,
informatics coverage score. Using these two measures, a Topical
Informative Depth measure for the document is estimated. According to
the TID value, the completeness of the document has been verified. The
method produces higher accuracy in clinical document gap analysis.

Index Terms: Gap Analysis, Disease Prediction, Decisive Support, TID,
Semantic Ontology

1. Introduction

for the input pattern which is performed based on the
previous history.

The modern society has higher implication of various
diseases. As, there are number of new diseases has been
identified every year, it is necessary to predict the
possible diseases based on some symptoms. However, the
presence of any disease can be identified based on set of
symptoms, the most diseases has same set of symptoms.
This increases the challenge for the medical practitioner
to make decision on the type of disease. To support the
medical practitioners, different decisive support systems
has been designed. The decision making in medical
industry is the process of identifying the closest disease

Published by: The Mattingley Publishing Co., Inc.

So, the trace of patients is more important and it
supports the growth of decisive support systems.
Whatever the solution, the record and the proof is more
important in  making decisions. The clinical
documentation is the one which makes the patient data as
a proof for the decisive making systems.

The clinical documentation is the process of proof
reading the patient record in form of document. The
patient medical information has been generated as
document. Whatever the information presents in the
medical data set, regarding the patient has been converted
into electronic document. The medical document would
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contain information’s like personal, diagnosis, treatment,
treatment results and so on. Such information’s has been
converted into clinical document which has been used by
various industries like insurance, medical research,
decisive support and so on. The insurance industry would
use the clinical document to make decisions on releasing
funds in case of any death or accident. So, the clinical
documents become proof at different situations.

The clinical documentation has higher importance in
many situations like providing exact treatment and
monitoring the patient health. Also, it has higher
importance in claiming medical reimbursement from
insurance  companies.  However, the  medical
organizations maintain various information about the
patient, maintaining document in proper form is more
essential. Because, it has been used for several purpose
like medical analysis, health departments of government,
research sectors. The hospitals have the responsibility of
maintaining healthy records about the patients. For any
clinical document, there are many factors to be
considered. The main factor is the completeness of the

Table 1: Sample data set
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document. The document would have huge data but the
completeness is about the presence of necessary fields.
Providing lot of textual contents is not necessary but
displaying the necessary information is highly essential.
This research is about generating clinical document in
complete form.

There is number of gap analysis available which uses
contextual information of the documents. For example, if
the document is describing the information about a
diseased, then it has to discuss all the necessary
information. But the previous method does not monitor
the presence of all the fields of the disease. For example,
if the document is about a diabetic, then it has to display
the details of various diagnosis like “blood glucose; body
mass index; pre meal glucose; post meal glucose; insulin;
creatinine” and so on. Also, the document has to display
other features like the lifestyle and food habits of the
patient. The previous method does not consider and
verify the presence of all the necessary fields of
information in publishing them.

Patient ID Temp Body Pain | Stomach Pain | Vomiting Disease Treatment Result

A 101 Yes No No Fever Paracetamol Yes

B 100 Yes Yes Yes Typhoid Cefixime Of Yes
laxacin

C 101 Yes No No Fever Paracetamol Yes

D 101 yes yes yes Typhoid CefiximeOflaxacin | yes

E 100 yes yes yes Typhoid CefiximeOflaxacin | No

The Table 1 shows the details of diagnosis and
treatment provided and maintained by any medical
organization. The details available in Table 1 can be used
to generate clinical documentation and the same can be
used to perform gap analysis.
<Ontology>

<patient>

<ID>
<Name>
<Age>
<Sex>
<Diagnosis>
<Blood Test>
<Widal>
<HbA1C>
<Blood Sugar>
<Treatment>
<Medicines>
<result>
</Ontology>

Published by: The Mattingley Publishing Co., Inc.

The above presented ontology has been maintained
and would be used to perform gap analysis. Any clinical
document could be verified for the presence of all the
features and it is not necessary that the document should
contain all the features of the ontology, but it should
cover the mandate features. Semantic ontology has been
applied for several issues. It can be used for the problem
of gap analysis. The semantic ontology would contain
number of features belongs to any class of disease and

Would contain many properties related to person,
disease, treatment and so on. It can be used to perform
gap analysis.

Towards the motivation, a Topical Informative Depth
measure based approach is presented in this paper. The
method considers both textural features and information
related to disease. Using the features the method
estimates depth measure to perform gap analysis. By
verifying the depth of information the document covers
and depth of features it covers, the problem of gap
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analysis can be performed efficiently. The detailed
approach is discussed in the next section.

2. Related Works

There are number of approaches discussed towards
gap analysis. This section discusses set of methods
related to the problem.

In [1], the author claims that, it is important to
analyses the gap in the documents of medical drugs,
medical device, medical procedure, or disease/therapeutic
area. A gap analysis assesses how a drug, for example, is
represented in the medical literature and at scientific
congresses and how current coverage of the drug relates
to a company's internal goals or competitor products. By
analyzing the gap in the documents of drug, it can be
verified that the document covers all the necessary
information. The method considered factors like
identifying the area(s) of focus/rationale, determining a
meaningful timeline for analysis, identifying the scope of
research, determining search parameters, selecting a
format for gap analysis output, conducting the search, and
organizing and prioritizing findings to identify trends
regarding the topic question. Systematically following
these steps will expose knowledge gaps about a drug
product, medical device, medical procedure, or
therapeutic area in the current literature that can then be
addressed with targeted publications as part of a medical
publication plan.

In [2], the author presents a tool which has been used
to identify the gap available in the documents towards
patient’s expectation. The tool has been used to perform
analysis on various perspective and focused towards the
understanding of nurses. Similarly in [3], the author
developed a gap analysis algorithm which uses health
records, policies. The method identifies the gap present in
the document and helps to perform diabetic management.

In [4], an evidence based gap analysis system is
presented for the decision support. The method uses case
specific information, clinical details and information
obtained from medical experts. The system has been used
to mine useful information from huge data set and has
been used to identify the gap present.

In Robustness, fidelity and prediction-looseness of
models [5], various mathematical and numerical models
are used to identify gap in the result of the prediction
models. The method identifies various looseness in the
prediction and fidelity of the data and their robustness to
varying data. It has been performed by measuring mean
square error, fidelity and so on. Similarly in [6], a
decision making approach is presented for the disease
prediction of animals which considered the exotic
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infections in them. The disease has been occurring to
them at the transportation and they have not been tested
due to the cost. The method performs detailed review on
various methods available for the prediction of the
disease and performs a gap analysis.

In [7], the author present an approach for the gap
analysis of documents related to health care systems.
Various approaches of gap analysis are considered and
the data has been extracted from different clinical data.
The gap analysis is performed by considering different
health care data.

In [8], the author present a pattern based mining
algorithm for health records using clinical analysis.
Different patterns of the document have and health
records are maintained. Based on the pattern, the presence
of all features of the records in the document has been
validated. Based on the pattern matching the gap analysis
is performed.

In [9], a comprehensive study is performed on the
knowledge development of medical industry. The method
applies various data mining techniques to identify clinical
data from patient data set. The method has been validated
using various cancer data set.

In [10], the author presents a gap analysis technique
which uses text mining techniques and statistical results.
The method uses different mining techniques and
visualization tools.

In [11], the author discusses the implication of text
mining approaches towards converting electronic health
records to documents. The method uses various text
mining techniques and natural language processing
techniques has been used to perform gap analysis. The
application of NLP techniques has improved the
performance of gap analysis.

In [12], which extract the semantic terms from the
corpus and measure the semantic similarity with different
categorical disease. If any of the disease class is identified
more closure but misses with set of features, it has been
identified as gap.

In [13], for the prediction of heart disease the method
used lexical rules which use clinical notes. The method
uses natural language processing and clinical data for the
prediction. The prediction is performed by generating
lexical rules from the clinical data. The method has
produced efficient results on gap analysis. Similarly in
[16], the document classification is performed using NLP
techniques. The UIMA is focused towards classification
using data driven approach and focused towards
classification.

In [14], the author present a heart sound
classification algorithm which receives the heart sounds
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through the motifs. The method classifies the heart
sounds into different classes like murmur, normal and
extracts systole using SAX approach. The method
performs preprocessing to convert the sound into SAX
operands. The classification is performed by computing
the term frequency and inverse document frequency
measures for each document.

In [15], a personalized prediction model has been
presented for the support of clinical decision making
which uses coronary syndrome details. The decision
support has been considered for the Acute Coronary
Syndrome (ACS). The method has adapted different
decision making approach to be combined to produce the
clinical decision making. The method has used state and
time based data to perform prediction.

All the above discussed methods suffers to produce
higher accuracy in gap analysis.

Input Data

TID Based TCI Feature
Clinical Extraction
Document

Gap Analysis

SCS
Estimation

January-February 2020
ISSN: 0193-4120 Page No. 10269 - 10278

TID Based Clinical Document Gap Analysis

The proposed method reads the input clinical
document set. From the clinical document, the method
extracts textual features. Using the text features extracted,
the method uses natural language processing technique to
extract key terms. Based on the features extracted, the
method estimate semantic coverage scores on different
class of semantic ontology. Similarly, the method
estimates the informatics coverage score. Using these two
measures, the method estimates the TID value to perform
gap analysis. The detailed approach is presented in this
section.

ICS
Estimation

Semantic
Ontology,
Taonomy

Using
Semantic
Ontolo
gy Results TID Gap
Analysis

TID
estimation

Figure 1: Architecture of TID Based Gap Analysis

The architecture of proposed TID based approach is
presented in Figure 1. The functional components of the
proposed method have been discussed in detail in this
section.

TID Feature Extraction

This is a preprocessing stage of the gap analysis which
reads the input document set given. From each document
D from the set Ds, the methods extract the content
features like text. The features being extracted has been
split into term set. It is followed by a stop word removal
process. From the stop word removed content, the list of
key words has been identified. For each term from the
term set, the method computes the subject value measure

Published by: The Mattingley Publishing Co., Inc.

(SVM) and Informative value measure (IVM). The SVM
represent the membership of the document under the class
of any disease where IVM represent the value of the text
towards any parameter of diagnosis or other values. It has
been measured based on the taxonomy available and the
ontology maintained.

Algorithm

Input: Document Set Ds, Domain Ontology O
Output: Feature Set Fss, Fls.
Start

Read document set Ds.

Read

For each document Di
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Extract text feature

flsje (Di)z Text € Di
For each term Ti
If [0 T € swi(i) then

Tf = Y(Terms €
777
End
End
For each term Ti
Compute  subject  value
measure SVM.
2 @ owyeri
Size (0)
SVM = Y. Terms (Tf)
Compute Informative Value
Measure (IVM)
IVM =
23 T 1 yav(0)
size (Tf)

Number of classes
If SVM > IVM then
Fss =
Y Terms(Fss)UTi
Else
Fls =
Y Terms(FIs) UTi
End
End
Stop

The above discussed algorithm extracts the features from
the document and identifies the subject and value
features. Extracted features have been added to the
feature set which has been used to perform gap analysis.

SCS Estimation

The subject coverage score represent how good the
document covers the subject. For example, consider the
document is related to the disease ‘Cardiac Malfunction’.
In this case, the document has to discuss more about
cardiac issues. Also it should cover many features like
pressure, age, sugar, cholesterol, regular ECG, number of
attacks faced and so on. If the document does not speak
about more information related to the disease identified,
then it can be mentioned as irrelevant document. In order
to fall within the specific category, the document has to
discuss more about the subject information. It has been
measured based on the SCS value. It has been measured
using the terms available in the document.

Published by: The Mattingley Publishing Co., Inc.
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Algorithm
Input: Feature set Fss, Ontology O, Taxonomy T
Output: SCS.
Start
Read feature set Fss.
For each Disease class ¢
Identify list of all class features.

CFL = fime @e» Y Features(0(c))

=1
Identify list of Topical features.
TFL =

Y Topical Features(T(c))
z:size (CFL)

Compute SCS = ==l

size (T (c))
i=1
CFL(i)€EFss
size (CFL)

w512 TFL) ppy (1) eFss
size (TFL)

End

Stop

The above discussed algorithm estimates the
subject coverage score for different category identified.
Estimated SCS value has been used perform gap analysis.

ICS Estimation

The informative coverage score is the measure which
represents the amount of information related to the
subject features available in the document. Even though
the document speak about the topic, it is necessary to
cover set of features and their values. For example, when
the document speak about Typhoid, it is necessary to
present the values of diagnosis results and their values in
the document. Also it should cover the type of treatment,
medicines given and the result of treatment. All these
information values has to be present in the document. It
has been measured based on the feature set extracted and
the semantic ontology available.

Algorithm

Input: Feature set Fis, Ontology O
Output: ICS.
Start
Read feature set Fls.
For each Disease class ¢
Identify list of all value features.
VFL=

Y Features(0(c)(Values))
Identify list of value features with

size (0(c))
i=1

value.
VFLV=

[ 5 Features (0(c) (Values)! = Null)
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VFL
size (FIS)

VFLV
size (VFL)

Compute ICS =

End
Stop
The above discussed algorithm computes the informative
coverage score for different class of diseases. Estimated
ICS value has been used to perform gap analysis.

TID Gap Analysis

The topical informative depth based clinical document
gap analysis algorithm reads the input document set. For
each document, the method extracts the topical and
informative features. Using the features extracted, the
method estimates subject coverage score (SCS) and
informative coverage score (ICS) values. Using the
measures estimated, the method computes Topical
Informative Depth (TID) measure. Estimated TID
measure has been used to classify the document as
complete or incomplete. If the TID value of any
document is greater than threshold it is considered as
complete otherwise it has been considered as incomplete.
Algorithm:

Input: Document Set Ds

Output: Null
Start
Read Document set Ds.

For each document Di
[Fss,FlIs] = TIFeatureExtraction (Di)
Compute SCS = SCS-Estimation
Ontology)
Compute ICS = ICS-Estimation (FIS, Ontology)
Compute TID = SCSxICS
If TID>Threshold
Complete

(Fss,

Else
Incomplete.
End
End
Stop
The above discussed algorithm computes the topical
informative depth measure towards each class of disease.

Table 3: sample data set considered
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According to the value of TID measure, the method
decides the fitness of the document and classifies them.

3. Results and Discussion

The proposed TID based clinical document gap analysis
algorithm has been implemented using advanced java.
The method has been implemented and evaluated for its
performance in various parameters of gap analysis. The
method has produced higher efficiency in gap analysis
and produces less classification ratio. The details of data
set being used to evaluate the performance of the
algorithm are presented below:

Table 2: Details of Data set

Parameter Value

Data Sets Indian Liver Patient
Data  set (ILPD),
AstraZeneca

Number of Data Points | 583,606

Dimension of Tuples 10,9

The details of data set being used for the evaluation of the
proposed algorithm have been presented in Table 2. The
method used ILPD data set, which present the records of
Indian liver patients which has 10 numbers of attributes
and in total there are 583 number of records available.
The data set contains the information like age, gender,
total Bilirubin, direct Bilirubin, total proteins, albumin,
A/G ratio, SGPT, SGOT and Alkphos. Similarly,
Astrazeneca data set has been used with 606 numbers of
data points which covers 9 parameters. It covers the
features of medicines given for the treatment of
liversirosiz. These two data sets has been merged to
produce large number of data points with more features.
Cooked up data set has been used to evaluate the
performance of the algorithm proposed.

According to the above details, the snapshot of data
set has been presented below:

Age Sex B DB Alkphos | Sgpt Sgot TP ALB AIG
65 Female | 0.7 0.1 187 16 18 6.8 3.3 0.9
62 Male 10.9 5.5 699 64 100 7.5 3.2 0.74
62 Male 7.3 4.1 490 60 68 7 3.3 0.89
58 Male 1 0.4 182 14 20 6.8 3.4 1

72 Male 3.9 2 195 27 59 7.3 2.4 0.4
46 Male 1.8 0.7 208 19 14 7.6 4.4 1.3

Published by: The Mattingley Publishing Co., Inc.
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26 Female | 0.9 0.2 154 16 12 7 3.5 1
29 Female | 0.9 0.3 202 14 11 6.7 3.6 11
17 Male 0.9 0.3 202 22 19 7.4 4.1 1.2
55 Male 0.7 0.2 290 53 58 6.8 3.4 1
57 Male 0.6 0.1 210 51 59 5.9 2.7 0.8

The sample data records of the data set have been
presented in Table 3. According to the data set, the
medical documentation has been generated using
publication schemes. The generated clinical document
has been validated for its accuracy using the proposed
algorithm.

Similarly, the liver cirrhosis disease related
documents have been considered for gap analysis. The
documents are measured for different measures according
to the proposed TID scheme. Consider the document text
as follows:

Table 4: Sample Clinical Document

Patient Details:

Name : x Age: 32
Diagnosis:
The patient x has been Tested for Liver
cirrhosis. He have been undergone for different
tests and diagnosis at scan, blood test and so on.
Each report has been considered and
recommended set of treatments. The details of
treatment has been presented in the next section.
Blood Test:

HbAlc, Cholestrol, Albumin
Treatment:

XY, Z
Result:

The sample clinical document considered for the
evaluation is presented above. The document contains

various features and details. According to the document
text, various measures are estimated to perform gap
analysis.

The text feature extracted from the Table 4 content
can be performed with T1 Feature Extraction. The feature
extraction algorithm would identify list of key terms by
removing the stop words. The result of feature extraction
can be mentioned as follows:

Table 5: Stop word removed content

Published by: The Mattingley Publishing Co., Inc.

Stop word removed content
Patient Details
Name x Age 32
Diagnosis
The patient x Tested Liver cirrhosis

undergone different tests diagnosis scan blood
test report considered recommended treatments
treatment Blood Test

HbAlc Cholestrol Albumin
Treatment

XYZ
Result
Liver Cirrhosis

The text features after removal of stop words is presented
in the above Table 5. The text features are read and the
presence of stop words has been removed and identified
for list of key terms. ldentified terms have been used to
perform different measures.

Table 6: Subject and Informative Features

Subject Features Informative Features

Scan blood test
HbAlc,
Cholesterol, Albumin
Treatment
xX,Y,Z

Liver Cirrhosis

Result

The subject and informative features present in the
document has been extracted and presented in Table 6.
Using the features extracted, the method estimates the
SCS and ICS measures.

Gap Detection Accuracy

The proposed method has been measured for the accuracy
in gap detection over the submitted document. The
measured result has been compared with the results of
other methods. The gap detection accuracy has been
measured as follows:
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TPC+TFC

Total Number of Documents

Gap Detection Accuracy =

Table 7: Performance on gap detection accuracy

Gap Detection Accuracy

Method 30 Features | 50 Features | 100
Features

Text 75 71 69

Mining

Pattern 81 75 74

Based

UIMA 86 79 76

TID 98 97 95

The accuracy on gap detection has been measured for the
proposed method and compared with the result of other
methods. The proposed TID based approach has produced
higher gap detection accuracy at varying feature levels
and feature lengths.

Gap Detection Accuracy

100
80 ?:j%‘%

60

—#—30Features

40 ——50Features

100 Features
20

Gap Detection Accuracy %

TextMining  Pattern Based UIMA TID

Figure 2: Comparison on Gap Detection Accuracy

The performance on gap detection accuracy has been
measured for different algorithms. The proposed TID
based gap analysis algorithm has produced higher
performance than other methods.

False Classification Ratio

The proposed method has been measured for the false
classification ratio in gap detection over the submitted
document. The measured result has been compared with
the results of other methods. The false classification ratio

has been measured as follows:
TNC+TPC

Total Number of Documents

False Classification Ratio =

Table 8: Performance on False Classification Ratio
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Based
UIMA 14 21 24
TID 2 3 5

The ratio of false classification of document has been
measured for different methods at varying number of
features. The proposed TID algorithm has produced less
false ratio up to 5 % which is less than other algorithms.

False Classification Ratio

35

*#
g 30 l;\\
H -
€ x5 %
e \
20 —4—30Features
: \
= 15 ‘\\ =l-50Features
H
ﬂ 10 \\ 100 Features
]
& 5 ——
2 N

a T T T |

TextMining  Pattern Based UIMA TID

Figure 2: Comparison on False Classification Ratio

The performance on false classification ratio has been
measured for different algorithms. The proposed TID
based gap analysis algorithm has produced less false ratio
than other methods.

Time Complexity

The time complexity is the factor which represents the
rapidness of the algorithm in classifying the document.
As the document size is higher, the time complexity plays
vital role in the performance measurement of any
algorithm. It has been measured as follows.

Time Complexity = Total Time taken for the
classification of document.

Table 9: Performance on Time Complexity

Time Complexity

Method 30 Features | 50 Features | 100
Features

Text 45 57 78
Mining
Pattern 39 53 72
Based
UIMA 34 42 68
TID 23 32 43

Gap Detection Accuracy

Method 30 Features | 50 Features | 100
Features

Text 25 29 31

Mining

Pattern 19 25 26

Published by: The Mattingley Publishing Co., Inc.

Time complexity in gap analysis at varying feature size
has been measured for different algorithms and presented
in Table 9. The proposed TID algorithm has reduced the
time complexity than any other algorithm.
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Time Complexity

%0
80
N — ==
o —

50

40 hﬁ""“&:\__‘._ —B-50Features
£ -

0 100 Features
10

—4+—30Features

Time Complexity insecomds

TextMining  PafternBased UIMA TiD

Figure 3: Comparison on Time Complexity

The performance on time complexity has been measured
for different algorithms. The proposed TID based gap
analysis algorithm has produced less time complexity
than other methods.

4. Conclusion

In this paper, an efficient clinical document gap analysis
algorithm is presented. The method reads the input
document set and for each document, the text features and
informative features are extracted. Using the features
extracted, the method estimates subject coverage score
and informatics coverage score. Using the measures
estimated, the method computes topical informatics depth
measure. Based on the value of TID measure, the method
identifies the gap present in the document. The proposed
algorithm improves the performance of gap detection
accuracy and reduces the false classification ratio.
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