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Abstract: The International Statistical Classification of Disease and Related Health Problems (ICD)
is an international standard system for categorizing and reporting diseases, injuries, disorders,
and health conditions. Most previously-proposed disease predicting systems need clinical
information collected by the medical staff from the patients in hospitals. In this paper, we propose
a deep learning algorithm to classify disease types and identify diagnostic codes by using only
the subjective component of progress notes in medical records. In this study, we have a dataset,
consisting of about one hundred and sixty-eight thousand medical records, from a medical center,
collected during 2003 and 2017. First, we apply standard text processing procedures to parse
the sentences and word embedding techniques for vector representations. Next, we build a
convolution neural network model on the medical records to predict the ICD-9 code by using a
subjective component of the progress note. The prediction performance is evaluated by ten-fold
cross-validation and yields an accuracy of 0.409, recall of 0.409 and precision of 0.436. If we only
consider the “chapter match” of ICD-9 code, our model achieves an accuracy of 0.580, recall of 0.580,
and precision of 0.582. Since our diagnostic code prediction model is solely based on subjective
components (mainly, patients’ self-report descriptions), the proposed approach could serve as a
remote and self-diagnosis assistance tool, prior to seeking medical advice or going to the hospital.
In addition, our work may be used as a primary evaluation tool for discomfort in the rural area where
medical resources are restricted.

Keywords: diagnosis code prediction; convolutional neural network; ICD-9; medical record

1. Introduction

In recent years, deep learning techniques have evolved and are used with good results in a wide
variety of fields including speech recognition [1], computer vision [2], bioinformatics [3], and natural
language processing [4,5]. In addition, the Convolutional Neural Networks are not only often used
in computer vision but have also been successfully applied to sentence classification tasks with
good results [6]. During medical diagnosis, the physician will assign a particular disease code
(i.e., ICD-9) that corresponds to the patient’s condition. In this paper, we would like to train a neural
network model using deep learning algorithms and data mining techniques to assist physicians in
selecting the appropriate disease code. Since our diagnostic code prediction model is solely based
on the subjective component of the progress note, the proposed approach could serve as a remote
and self-diagnose assistance tool, by providing a description of their condition, prior to seeking
medical advice.

Sensors 2020, 20, 7116; d0i:10.3390/s20247116 www.mdpi.com/journal/sensors


http://www.mdpi.com/journal/sensors
http://www.mdpi.com
https://orcid.org/0000-0002-4818-3198
http://dx.doi.org/10.3390/s20247116
http://www.mdpi.com/journal/sensors
https://www.mdpi.com/1424-8220/20/24/7116?type=check_update&version=2

Sensors 2020, 20, 7116 2 of 21

1.1. Electronic Medical Record

An electronic medical record (EMR) is a multimedia file or a set of files that can be electronically
stored, transmitted and managed, and may include texts, images, audios and videos that comprise
the patient profile, nurse’s notes, progress notes, laboratory test results, allergies, past medical history,
family history, etc. [7]. Harerimana et al. [8] listed the most feasible use cases of deep learning
combined with electronic health record (EHR). Hospitals apply various customized EHRs that are
enclosed of different kinds of unstructured elements to help overcome problems associated with
traditional paper-based medical records, including difficulties in identification, inconsistent formatting,
and inconvenient transmission. Thus it improves the quality of medical services and the efficiency of
hospital operations and management. Yin et al. [9] state there has been a fast development in diversity
of EHR during the last decades. This growth makes it feasible to apply prediction models to enhance
the quality of clinical care.

The EMR content can be divided into outpatient records, emergency records and inpatient records.
Inpatient medical records mainly include a red sheet, admission notes, inpatient progress notes, consultation
notes, operation notes, anesthesia records, orders, and discharge summaries. The hospitalization history
is a record of changes to the patient’s condition kept by medical staff following the patient’s admission
to the hospital, with information updated by the resident on duty including treatment records, weekly
summaries, on-service notes, and off-service notes. Changes to the patient’s condition are recorded in
detail, including symptoms, physical examinations, treatment strategies, treatment responses, diagnosis
and treatment plans. If the patient’s condition is unstable, medical staff may update the patient’s record
multiple times each day. The recording process is described as follows.

The patient history (i.e., progress note) is kept using the Problem-Oriented Medical Record (POMR)
method, focusing on Dysfunction which is also used as the record’s title. The medical record’s formatting
is referred to as the SOAP format: subjective component (primarily the subjective data about the patient
including patient complaints, feelings, and opinions), objective component (objective findings from tests
administered by medical personnel), assessment- analysis and evaluation of the problem by medical staff),
and plan (treatment plan for the problem). Figure 1 shows an example of a progress note.

Components | Content Example

Subjective Patient's subjective Fever up to 38 & C was noted

Component information such as "SRPFHREPIRRARRBE, SR AT R M | &AKD
chief complaints, E i b, B ARZR 40 1, B BB R 4R 4

feelings, opinions,
etc.

Objective Objective findings Consciousness: clear, GCS: E4AM6V5
Component and test results by 5238 38 & - LBk 150-160 /48 - ME 99/89mmHg” 2+
medical personnel SP0O2:99

HEENT: icteric sclera, yellowish skin

Chest: symmetric expansion, no rhonchi and crackles

Heart: irregular heart beat without murmur

Abdomen: soft and flat, no tenderness and rebounding pain

Extremities: no pitting edema

Assessment Analysis and 1.Jaundice, cause?
evaluation of =>improved
problems by medical = 2.Hyperthyroidism
personnel 3.Chronic hepatitis C

Plan Problem-based 1.Follow up lab data on 2016/10/07
treatment and 2.Monitor vital signs and clinical condition
treatment plans 3.Keep current treatment

Figure 1. An example of progress note. 1. The (original) Subjective Component data was written in
Chinese. The translation is “Fever up to 38 °C was noted. ‘I felt dizzy this afternoon as I walked out of
the ward and fell onto the ground prostrate. I hit my hindbrain. The doctor has arranged a blood test
and CT scan’.”. 2. The (original) Objective Component data was written in Chinese. The translation is
“body temperature 38°; heart rate 150-160/min; blood pressure 99/89 mmHg.”.
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1.2. International Statistical Classification of Diseases and Related Health Problems (ICD)

The ICD (International Statistical Classification of Diseases and Related Health Problems),
maintained by the World Health Organization (WHO), is a system of categorization and coding
for disease [7]. Generally, ICD codes are used to categorize the state of the disease during hospital
occasions. Public health decisions are made based on the ICD codes which are used to illustrate
the patient and expanding disease registries [10]. The ICD is updated every ten years, and the current
version is ICD-10. Many countries use the ICD as the basis for collecting death and disease statistics.
To respond to conditions in different countries and their medical conditions, many versions of the ICD
have been drafted, such as the ICD-10-CM in the United States and the ICD-10-CA in Canada. In 1995,
the government of Taiwan mandated the use of ICD-9-CM as the basis for medical institutions
declaring health care medical expenses under Taiwan National Health Insurance (Taiwan NHI).
In 2010, ICD-10-CM was adopted as new updates. In this paper, we use ICD-9 as the basis for model
construction and prediction, since our dataset of the medical record is kept using ICD-9.

The ICD-9 consists of three volumes: a Tabular List of diagnosis codes, an Alphabetic Index of
diagnosis code, and Procedures Code for surgical, diagnostic, and therapeutic procedures. The ICD-9
codes embody about 10,000 different codes including 17 chapters of disease codes and two chapters
for trauma and supplemental classifications (i.e., E and V codes). The Taiwan ICD-9 is adapted
from the original ICD-9 used in the United States, in which the 17 chapters of the ICD-9 can be
subdivided into 135 blocks, each consisting of an array of disease codes. Note that, the the core
category is represented in the first three digits of ICD-9 code, and additional details are indicated at
the fourth digit or the optional fifth digit. In reference to Figure 2, the first three digits (Three-Digit
Category) indicate the disease category and are separated by a decimal point from the last two digits
(i.e., subcategory) which indicate the cause, anatomic site, and the manifestation. Figure 3 illustrates
the ICD-9 hierarchy tree for Hernia.

1 2 3 4 5
Category Etiology,

Anatomic Site,
Manifestation

Figure 2. The structure of International Statistical Classification of Disease and Related Health Problems
(ICD)-9 code.

1.3. Deep Learning

Deep learning is a branch of machine learning and is one of the most promising areas in developing
artificial intelligence. Deep learning algorithms derive from artificial neural networks that make use of
multiple processing layers to extract the features of the original data and then classify these features
using the neural network [5]. Many deep learning models have been proposed, including Deep Neural
Networks, Convolutional Neural Networks, and Recurrent Neural Networks. The deep learning
models have been widely applied to medical applications. For example, Gao et al. [11] integrate deep
learning, word embedding and EHR data to predict Neonatal Encephalopathy before birth of a baby.

The convolutional neural network used in this paper is explained below. The convolutional neural
network consists of Convolutional Layers, Pooling Layers, and Full-Connected Layers. Convolution is
the main mechanism by which features are extracted in convolutional neural networks by exploiting
the weight of the filter and the inner product of the input data. The filter with strides back and
forth on the input data to generate a new feature map. The weight of the convolved filter and
parameters of the fully-connected neurons are updated in the training process of the neural network
using the backpropagation algorithm and the optimization algorithm. The pooling layer is usually
connected to the convolutional layer. Its main function is to compress the data and capture features.
Pooling is similar to convolution in that filter shows strides over the input data. The difference is
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in pooling filtering, where the device will select the maximum or average value from the input
data. Common pooling algorithms include max pooling, k-max pooling and average pooling.
Finally, following feature extraction and data compression, feature classification is performed by
the fully-connected layer to obtain the prediction results.

{ Infectious And Parasitic Diseases (001-139) J

(| Neoplasms (140-239)

| { Endocrine, Nutritional And Metabolic Diseases, And Immunity Disorders ]
|

/| (240-279)

Il
U‘ { Diseases Of The Blood And Blood-Forming Organs (280-289) J

I/ [ Mental Disorders (290-319)

I
I [ Diseases Of The Nervous System And Sense Organs (320-389) ]

i
| [ Diseases Of The Circulatory System (390-459) ]
|

f [ Diseases Of The Respiratory System (460-519) ]

| Diseases of oral cavity, salivary glands, and jaws (520-529) |

| Diseases of esophagus, stomach, and duodenum (530-539) |

| | Appendicitis (540-543)

Other hernia of abdominal cavity, with gangrene (551) |

\' Other hernia of abdominal cavity with obstruction, without mention (552) l
09 [ Hernia of abdominal cavity (550-553) }/
- fe |
[ Diseases Of The Digestive System (520-579) ] | _ Hernia, femoral, unilateral (553.0)

Hernia, umbilical (553.1)

Hernia, ventral, unspec (553.2)

\|__other hernia of abdominal cavity without mention of (553) ||
|\__ Hernia, hiatal, noncongenital (553.3)

\ \

| Hernias, other, NOS (553.9)

||{_ Noninectious enteritis and colits (555-558) |

{_other diseases of intestines and peritoneum (560-569) |

[ other diseases of digestive system (570-579) |

Diseases Of The Genitourinary System (580-629) ]

Complications Of Pregnancy, Childbirth, And The Puerperium (630-679) ]
I\

| | Diseases Of The Skin And Subcutaneous Tissue (680-709) ]

|
[

I\
[|'| congenital Anomalies (740-759)

| [ Certain Conditions Originating In The Perinatal Period (760-779) ]

Diseases Of The Musculoskeletal System And Connective Tissue (710-739) ]

{ Symptoms, Signs, And ll-Defined Conditions (780-799) ]

(o]
Chapter Block

3-Digit

Category Full Code

Figure 3. The ICD-9 hierarchical tree for Hernia.

Based on the fact that convolution filter can extract local features [12], the convolutional neural
network could be applied to solve natural language processing problems [4,13]. Kim [6] designed
a convolutional neural network to classify sentences by mapping words in the sentence through
Word2Vec into a matrix as the input data (assuming # words in a sentence, the dimension of the word
vector is k, and the size of the mapping matrix is n-by-k). Word embedding, also referred to as
Word2Vec, is a technique of distributed word representation by mapping all words in a text to
real-valued vectors in the dimensional space. This approach of unsupervised learning algorithm
has been widely used in the field of natural language processing to obtain the similarity of words
from a corpus. The weight of the word vector is divided into static and non-static, depending on
whether it will be adjusted using the back-propagation algorithm during the convolutional neural
network model training process. Previously, convolutional neural networks were used for image
recognition using the RGB color channel. In one experiment (CNN-multichannel), Kim [6] used two
channels to represent the same input data for static and non-static weights. After the data were
input into the convolutional layer, the filter performed a one-dimensional convolution to generate
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a one-dimensional feature matrix. The feature matrix was then input into the Max Pooling Layer
to extract the most important features, finally outputting the characteristics of all the pooled layers,
which was then input into the fully-connected layer for classification. Kim added the Dropout
mechanism to the fully-connected layer. The Dropout process multiplies each input data by a Bernoulli
random variable during forward propagation. Accuracy can be improved and overfitting avoided
by setting the connection weight to zero under a certain probability (the probability is set by a
hyperparameter) [14].

1.4. Deep Learning for Disease Prediction

With the development of deep learning technologies, many researchers have applied hospital
EMRs or medical databases for disease prediction by using deep learning algorithms to analyze
highly complex data sets for assessing the risk and incidence of individual diseases. The systematic
review [15] established the importance of electronic health records and also reported the cost efficiencies
associated with electronic health records. The review clarifies investment in electronic health records
which leads to developed health outcomes for the consumers and effective emergency departments.
In the study by Gangavarapu et al. [16], the authors proposed a vector space and topic modeling-based
approach applied to shape the raw clinical data by exploiting the data in the nursing notes. In addition,
the authors use unstructured nursing notes to classify the ICD-9 group code. Gangavarapu et al. [17]
also used clinical nursing notes to predict ICD code for long-term disease. Cheng et al. [18] exploited
structured and unstructured hospital data, including basic patient profile (age, gender, and lifestyle),
clinical examination data and physician diagnosis to predict the incidence of cerebral infarction,
and achieved a high accuracy of 0.948.

Huang et al. [19] proposed a method to assign a ICD-9 code to track a patient’s medical history
and also for billing purposes. The method followed clinical notes to predict the target ICD-9 code.
Clinical notes consist of the medical history of patients, patient’s comments during the interaction,
doctor’s observation note. From their study, the model identified the top-10 ICD-9 codes with
the F; score of 0.6957 and accuracy of 0.8967. In addition, the proposed model achieved the top-10
ICD-9 categories with the F; score of 0.7233 and the accuracy of 0.8967. The process of assigning
ICD-9 code may automatically trigger the clinical process effectively. In addition, the stages of
semantic analysis have speeded up to help the clinician diagnose and develop the health care system.
Patients may have more than one medical problems, which leads to multiple medical diagnoses.
In the study by Samonte et al. [20], the proposed method of Enhanced Hierarchical Attention Network
(EnHAN) followed topical word embedding and word embedding to solve this multi-class labeling and
multi-label classification approach. This approach achieved a high accuracy of 0.841. Moons et al. [21]
have applied multiple deep learning approaches on the classification of ICD-9 code. Their deep
learning approaches utilized the discharge summary for the classification in which self-attention,
regularization, and the loss function with attention included a convolutional neural network showed
to be valuable. In the study of multi-label classification of ICD coding [22], the authors used Word2Vec
to calculate the vector of the discharge summary. According to their study CNN achieved 76% by
micro F; in label-to-chapter. Suo et al. [23] used convolutional neural networks to create a model to
predict diabetes mellitus, obesity, and chronic obstructive pulmonary disease with accuracy up to
0.74. Cheng et al. [24] also used convolutional neural networks to establish a model to predict future
recurrence of chronic heart failure and chronic obstructive pulmonary disease. In this study by Obeid
et al. [25], the authors attempted to identify self-harm and suicide using clinical notes. The notes
combined a variety of note types, including progress notes, plan of care notes, emergency department
provider notes, history and physical notes, and consult notes. In reference to Table 1, we summarize
the performance of work on ICD code prediction. It seems that the accuracy of our work is not as
high as the previous work. However, in this study, we have the dataset containing 2017 distinct ICD-9
codes, which is more than those in previous work.
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Table 1. The summary of ICD prediction works.
Work Methods Data Performance
Fuzzy

Gangavarapu et al. [16]

similarity-based data
cleansing approach,
supervised
multi-label
classification models

Nursing notes

Accuracy of 0.82 (with respect to 19 distinct
ICD-9 chapter code)

MLP, ConvNet,
LSTM, Bi-LSTM, . Accuracy of 0.833 (w.r.t. 19 distinct ICD-9
Gangavarapu et al. [17] Conv-LSTM, Nursing notes chapter code)
Seg-GRU
Enhanced Accuracy of 0.841; Precision of 0.780; Recall
Samonte et al. [20] Hierarchical Discharge summary  of 0.620; F; score of 0.678 (w.r.t. 10 distinct
Attention Network ICD-9 code)
gﬁ_ﬁfﬁf ' Micro Fy of 63.42%; Macro Fy of 59.74%;
Moons et al. [21] g Discharge summary ~ Micro AUC of 91.57% (w.r.t. the most
MVC-LDA, f t 50 distinct ICD-9 block code)
MVC-RLDA requen istinc ock code
Micro F; of 0.76 (w.r.t. 19 distinct ICD-9
CNN, LSTM, GRU, . chapter code); Micro F; of 0.57 (w.r.t. top-50
Hsuetal. [22] Attention Discharge summary 105 ' de); Micro Fy of 0.51 (w.r.t. top-100
ICD-9 code);
Clinical notes:
progress notes, plan
of care notes,
Obeid et al. [25] DNN, CNN emergency AUC of 0.882; F; score of 0.769 (w.r.t. ICD-9

department provider
notes, history and
physical notes,

and consult notes

code from E950-E959)

Logistic regression,
Random forests,

Clinical notes:
medical history of
patients, patient’s

Average precision of 0.3757 (w.r.t. top-50

Huang et al. [19] Feedforward, NN, comments during ICD-9 codes); Average precision of 0.4565
CNNs, LSTM-RNNSs,  the interaction, (w.r.t. top-50 ICD-9 category code)
GRU-RNNs doctor’s observation
note
Demographics of
the patient, daily
habits, examination ..
Chen et al. [18] CNN-MDRP elements, results, Accuracy of 0.948, w.r.t. chronic disease

diseases, patient’s
readme illness,
and doctor’s records.

prediction

Suo et al. [23]

Time-fusion CNN

Diabetes patient
cohort, obesity
patient cohort,

and chronic
obstructive
pulmonary disease
(COPD) patient
cohort

Diabetes accuracy of 0.8009; Obesity
accuracy of 0.8737; COPD accuracy of
0.8133

The congestive heart

failure (CHF) patient =~ CHF accuracy of 0.7675; COPD accuracy
Cheng et al. [24] CNN based model cohort and COPD of 0.7388.

patient cohort

Subiective Accuracy of 0.580 (w.r.t 17 distinct ICD-9
Our work CNN based model ubjectly chapter code); Accuracy of 0.409 (w.r.t. 2017

component

disticnt ICD-9 code)

Note that the authors in [15-25] used patient profile, clinical examination reports and physician
diagnosis results to establish models for the prediction of certain diseases that are commonly seen or
with high mortality rates. On the contrary, in this paper, we only make use of patients’ self-report
data (i.e., the subjective component in the progress note of EMR) to establish a predictive model for a
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variety of diseases. Prior to going to the hospitals, patients’ self-report data need not be taken from a
physician’s diagnosis or professional clinical test, thus allowing patients to remotely self-diagnose a
wide range of conditions based on the description of their symptoms. We can provide proper disease
classification information to a patient by our text mining technique. When patients are admitted to
hospital, our approach has the potential to inform physicians of unsuspected patient conditions while
physicians are writing notes. Our work can also assist physicians in quickly make proper ICD coding.
In the future, it is possible to apply our work on massive coding demand situations like outpatient
department notes or insurance declaration.

2. Methods

In reference to Figure 4, we illustrate the system architecture for data cleaning, preprocessing and
design pattern of neural network models for ICD-9 code prediction.

2017-dim One-Hot vectors
ICD-9 Codes »  Encoding
o+ KERAS Target
Learnin Lowercase
9 Romave Symools |  218-0m 2gra00 |
s free text Remove Digits vectors Word matrices 0 r\\:guﬂ;? @
components WordEﬁ‘?;r;\ic:‘r:mron Embedding Network
Padding
Lowercase y
s Remove Symbols ( Predicted
.z Remove Digits
Prediction component Word Segmentation Model ICD
Encoding
Padding
Figure 4. The system architecture.
2.1. The Data

The data used in this study are taken from EMR Progress Notes from a medical center from 2003
to 2017. The data set includes 168,186 medical records, each consisting of 11 fields: Inpatient ID, Date),
Time, Medical Record ID, Author, Subject, ICD-9 code, Subjective Component, Objective Component,
Assessment and Plan. In our dataset, there are 2017 different diseases in terms of distinct ICD-9 code.
The subjective components are free text, which is self-reported by patients. Figure 5 shows an example
of a medical record. Note that the original Subject Component in this example was written in Chinese.
The translation is “It’s less itchy now ... with the ointment. I woke up four times for bathroom last
night. I have such a habit, so my husband and I sleep in separate rooms. It is okay to prescribe the drug
to only half of the current volume. It’s not that I get tired easily, but I do doze off in the living room,
before the TV, and I try myself to bed slowly”. Figures 6 and 7 show the distribution and listing of
the top 20 most prevalent diseases, respectively.
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(FFIRARREAPIR, L BIFR)

BIARIEE WA SR L BT A IREA D BE
AR ME. EEIRRE A A R IR
AR M BES

(BTERRE, BIRAFTH, Mg, ER LK)

consciousness: clear.

appearance: kempt.

attention: attentive.

attitude: cooperative.

affect/mood: a little expansive, stable.
speech: relevant, coherent, talkative.
thought: nearly intact thinking process.
perception: no detectable hallucination.

behavior: fair self-care, could tolerate ward activities. Low energy in daytime.

sleep: day1/night6.5 hours.
insight: fair.

Relatively stable.
Low energy in daytime.

1. Dicontinue vistaril 1# Bid, monitor daytime energy and itching symptom.

2. Prevent falling down, consider to taper lendormin HS.

3. Check lab data coming morning. (Monitor depakine level, WBC, Hb,

electrolyte..)

8 of 21

Figure 5. An example of medical record. The (original) Subjective Component in this example was

written in Chinese. The translation is “It’s less itchy now... with the ointment. I woke up four times

for bathroom last night. I have such a habit, so my husband and I sleep in separate rooms. It is okay to

prescribe the drug to only half of the current volume. It’s not that I get tired easily, but I do doze off in
the living room, before the TV, and I try myself to bed slowly”.

11000

No. of Records
a
3
3

2750

486 V58.1 038.9 770.8 599.0 155.0 518.81414.01 434.91 507.0 428.0 491.21403.91 590.10 431 722.10 577.0 682.6 485 162.3

Figure 6. The distribution of the top 20 of most prevalent diseases with the highest record numbers.

ICD-9 Code
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486 Pneumonia, organism unspecified

V58.1 Encounter for chemotherapy and immunotherapy for
neoplastic conditions

038.9 Unspecified septicemia

770.8 Other respiratory problems after birth

599.0 Urinary tract infection, site not specified

155.0 Malignant neoplasm of liver, primary

518.81 Acute respiratory failure

414.01 Of native coronary artery

434.91 Cerebral artery occlusion, unspecified with cerebral
infarction

507.0 Due to inhalation of food or vomitus

428.0 Congestive heart failure, unspecified

491.21 With (acute) exacerbation

403.91 Hypertensive chronic kidney disease, unspecified

590.10 Without lesion of renal medullary necrosis

431 Intracerebral hemorrhage

722.10 Lumbar intervertebral disc without myelopathy

577.0 Acute pancreatitis

682.6 Cellulitis and abscess of leg, except foot

485 Bronchopneumonia, organism unspecified

162.3 Malignant neoplasm of upper lobe, bronchus or lung

Figure 7. The top 20 of most prevalent diseases in our dataset.
2.2. Preprocessing

The original medical records contain both Chinese and English text. To unify the English text,
all English characters were rendered in lowercase, after we filtered out all half-width and specialized
punctuation and numerals [26], leaving only Chinese text and lowercase English text for the following
word segmentation by using the jieba package (https:/ /github.com/fxsjy/jieba).

After text cleaning and word segmentation, in our dataset, there are 30,236 distinct words.
In reference to Figure 8, The length of the S component ranges from 1 to 218 words. To unify the length
of the S component, we set the length of each S component to 218 words, with missing words in
sentences shorter than 218 words padded by zero. As a result, each document (i.e., the S component)
will be represented as a 218-dimensional document vector, associated with an ICD-9 code.
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16

12

No. of Records x1000

0 [TTT
1 8 156 22 29 36 43 50 57 64 71 78 85 92 99 106 113 120 127 134 143 152 159 168 177 187 196 218

Words of Subjective Components

Figure 8. The distribution of word count in the subjective component.
2.3. Problem Design and Experimental Setting

We designed a convolutional network model by only using the subjective component of progress
notes in the medical record to predict ICD-9 codes. Figure 9 shows the architecture of the Convolution
Neural Network. In this project, the data cleaning and pre-processing were performed in Python,
and the deep neural network was built using the Keras Python deep learning library running on top of
the TensorFlow deep learning framework. The performance was evaluated by ten-fold cross-validation,
with accuracy and loss recorded. Since there are 30,236 distinct words, the one-hot encoding is not
preferred due to the high dimensionality curse. Therefore, we use distributed word representations as
input data. The convolutional layer is preceded by a word embedding layer, which maps each word
into a fixed-length vector through a lookup table. In our experiments, the dimension was set to 400
without scarifying accuracy. The parameters of layer information in our CNN model are described as
follows. The filter size was set to 5 x 400, and the stride was set to 1. We choose ReLU as the activation
function for excluding less obvious features. To further extract the most significant features, we
added a Global Max Pooling Layer after the convolution layer. We add the Batch Normalization
mechanism [27] before the output layer to normalize the input data, thus avoiding insensitivity caused
by extreme values passing through the activation function. When training our model, we used Adam
Optimizer [28] with a moderate learning rate to avoid overfitting. To further prevent overfitting, we
added the Dropout mechanism to the convolution layer and the output layer. The rate was set to 0.5,
so the model would converge moderately. A high epoch was used to give the model sufficient time to
complete convergence.
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Subjective component

text
l Word segmentation
+

| | | | Dropout Dropout

I S I I el I I

218x400 218x800 800 800
‘Word embedding Convolution + RelLU Max pooling Flatten 2017 2017
Fully connected Softmax

Figure 9. The architecture of convolution neural network.
2.4. Evaluation

As described in the previous section, the hierarchy structure of ICD-9 code consists of Chapter,
Block, Category, and Full Code. Since there are more than ten thousand distinct codes, we may
not expect that the prediction model is always able to determine the exact full code. We believe
that the predicted results will be still valuable for assisted diagnosis if only parts of the ICD code
match. Therefore, we reconsider the “match” criteria (i.e., the concept of correctness), and provide
four cases of matching, from general to rigorous: Chapter Match, Block Match, Three-Digit Category
Match, and Full Code Match, as shown in Figure 10. For example, the Chapter Match rule is as follows:
if the predicted disease code and the actual code belong to the same chapter, we treat them as belonging
to the same category (i.e., the predicted result is correct subject to the Chapter Match rule). Similarly,
other matched cases are redefined accordingly. In Figure 11, providing that the predicted code is 518.81
and the actual code is 518.82. They are determined as a matched case in Chapter Match, Block Match,
and Three-Digit Category Match, but not in Full Code Match.
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Figure 10. The hierarchy of ICD-9 code and match criteria.

Our Code Target Code
518.81 518.82

Chapter Match [460-519] Diseases of the respiratory = [460-519] Diseases of the respiratory
system system

Block Match [510-519] Other diseases of respiratory = [510-519] Other diseases of respiratory
system system

3-Digit Category Match [518] Other diseases of lung — [518] Other diseases of lung

Full Code Match [518.81] Acute respiratory failure # [518.82] Other pulmonary insufficiency

Figure 11. An illustration of four cases of ICD-9 match criteria.

3. Results

Table 2 summarizes the prediction performance of our CNN-based approach by using the 10-fold
cross-validation. The “baseline” is calculated by dividing the number of data in the category with
the largest number by the total number of the dataset.

Regarding the baseline performance, in this study, we make use of the majority class classifier as
a benchmark for other learning methods in the performance study [29]. A baseline is a method that
uses heuristics, simple summary statistics or randomness to create predictions for a dataset. The most
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primitive of all the classifiers is the naive classifier (the ZeroR in Weka, or the dummy estimator in
scikit-learn) which simply predicts the majority class in the training data set if the class is categorical
and the average class value if it is numeric. Although it makes little sense to use this scheme for
prediction, it can be useful for determining a baseline performance as a benchmark for other learning
schemes [29,30]. In particular, the majority baseline always predicts the majority class in the data set,
and the random baseline makes a random selection.

Table 2. Prediction performance of our approach.

Rule (Match Criteria) Recall Precision FI1-Score Accuracy Baseline
Chapter Match 0.580  0.582 0.579 0.580 0.162
Block Match 0.494 0.503 0.492 0.494 0.081
Three-Digit Category Match  0.433 ~ 0.453 0.431 0.433 0.061
Full Code Match 0.409 0.436 0.404 0.409 0.061

For a better illustration of prediction performance, we visualize the normalized confusion matrix,
in which each cell A(7, j) is normalized by dividing the corresponding row A(i, *).

In reference to Figure 12, we show the confusion matrix with respect to Chapter Match. Regarding
the Block Match, we show the confusion matrix for the top-20 and top-60 most prevalent results in
Figures 13 and 14, respectively.

Similarly, we show the confusion matrix for Three-Digit Category Match in Figures 15 and 16;
and the confusion matrix for Full Code Match in Figures 17 and 18.
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Figure 12. The normalized confusion matrix (Chapter Match).
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Figure 13. The normalized confusion matrix (Block Match; the top-20 most prevalent results).

Normalized confusion matrix

0.00

0.00

0.01

0.00

0.01

0.01

0.00

0.00

0.00

0.02

0.01

0.02

0.01

0.00

0.11

0.02

0.15

012

0.17

012

0.09

0.10

017

0.14

013

0.19

013

0.09

580.0, 589.0
249.0; 259.0
140.0, 149.0
170.0’ 175.0
[1.0, 9.
[210.0, 229.0
[10.0, 18.0

True label

:0; 804.0
956 39510

42.0, 44.0]
[890.0, 897.0

DW\%:%%%%“ ‘“*i’?'i% «%X%%W\
ARt naTtaveaaw

Predicted label

Figure 14. The normalized confusion matrix (Block Match; the top-60 most prevalent results).

SRR

\fp

14 of 21

0.8

0.6

0.4

r0.2

08

0.6

o4

r0.2




Sensors 2020, 20, 7116

True label

599

574 4

162 4

4341

414 4

682 -

507 4

428 4

590 1

722

410

403

Normalized confusion matrix

0.03

0.08

0.02

0.08

0.05

0.05

0.03

0.11

0.06

0.02

0.08

0.05

0.07

0.03

0.06

0.03

0.00

0.03

0.10

0.03

0.09

0.01

0.05

0.04

0.04

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.01

0.00

0.00

0.01

0.00

0.02

0.01

0.00

0.00

0.07

0.05

0.00

0.00

0.02

0.06

0.01

0.01

0.02

0.00

0.01

0.00

0.01

0.01

0.00

0.02

0.02

0.02

0.02

0.00

0.00

0.02

0.01

0.36

0.02

0.01

0.01

0.01

0.02

0.01

0.00

0.10

0.01

0.02

0.00

0.01

0.02

0.00

0.00

0.00

0.02

0.01

0.30

0.00

0.01

0.00

0.00

0.00

0.00

0.01

0.00

0.01

0.00

0.03

0.01

0.01

0.01

0.00

0.00

0.01

0.00

0.01

0.01

0.01

0.01

0.02

0.01

0.00

0.00

0.02

0.02

0.02

0.01 0.01 0.01 0.02

0.01

0.00

0.00

0.00

0.02

0.00

0.01

0.00

0.02

0.02

0.01

0.03

0.02

0.00

0.01

0.02

0.03

0.00

0.01

0.01

0.00

0.00

0.02

0.00

0.01

0.00

0.03

0.01

0.08

0.00

0.01

0.19

0.02

0.01

0.00

0.00

0.00

0.00

0.01

0.00

0.01

0.01

0.00

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.02

0.00

0.00

0.00

0.01

0.00

0.00

0.00

0.02

0.02

0.38

0.00

0.00

0.02

0.00

0.00

0.02

0.00

0.00

0.00

0.02

0.01

0.01

0.02

0.01

0.05

0.01

0.01

033

0.00

0.02

0.02

0.01

0.01

0.01

0.00

0.00

0.00

0.00

0.00

0.02

0.01

0.00

0.00

0.00

0.01

0.00

0.39

0.00

0.00

0.00

0.00

0.00

0.01

0.00

0.00

0.00

0.00

0.01

0.01

0.03

0.02

0.01

0.00

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.00

0.00

0.00

0.01

0.00

0.01

0.00

0.00

0.03

0.00

0.01

0.02

022

0.01

0.00

0.01

0.00

0.00

0.00

0.00

0.01

0.01

0.01

0.01

0.00

0.01

0.00

0.01

0.02

0.00

>
&

2 1

A
&

v
K

D
&

o

Predicted label

&

%,

2,

<

%
Yo

0.00

0.01

0.01

0.00

0.00

0.00

0.01

0.00

0.00

0.02

0.01

0.00

0.00

0.01

0.00

0.21

0.25

0.20

0.03

0.03

0.20

033

0.32

0.22

0.25

0.26

0.24

0.18

0.27

0.32

15 of 21

0.8

0.7

0.6

05

0.4

r0.3

0.2

ro.l

Figure 15. The normalized confusion matrix (Three-Digit Category Match; the top-20 most prevalent results).

True label

Normalized confusion matrix

ml

R A R A A R S S S RS O PR OSBR

Predicted label

08

0.7

0.6

0.5

0.4

0.3

ro.z

ro1

Figure 16. The normalized confusion matrix (Three-Digit Category Match; the top-60 most prevalent results).



Sensors 2020, 20, 7116

True label

Figure 17. The normalized confusion matrix (Full Code Match; the top-20 most prevalent results).

Figure 18. The normalized confusion matrix (Full Code Match; the top-60 most prevalent results).
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3.1. Case Study

Based on the results in Figure 17 (Full Code Match; top-20), the disease predicted with the highest
correctness is ICD-9 770.8 (respiratory illnesses after birth), while the one predicted with the lowest
correctness is ICD-9 431 (intracerebral hemorrhage). Among 435 medical record data of ICD-9 770.8,
there were 357 correct predictions versus 78 incorrect predictions. Among 139 medical records of
ICD-9 431, there were 35 correct predictions versus 104 incorrect predictions. Figures 19 and 20 detail
the predicted results and actual results with respective to ICD-9 code 770.8 and 431.

True Predicted

S Component Label Label

1 intermittent tachypnea under ncpap no retraction no desaturation
occasional bradycardia fair activity

770.8 770.8

2 intermittent tachypnea and subcostal retraction under water cpap
use oral feeding well no vomiting

770.8 770.8

3| occasional tachypnea after feeding 770.8 770.8

4 intermittent tachypnea without retraction under n imv no apnea no
desaturation fair activity

770.8 770.8

5 intermittent sob fair activity no apnea feeding tolerance 770.8 770.8
6 159 M EEElw —F KRR —T M FT 4% RE £ = 770.8 770.8
7 no fever lips and skin pink mild tachypnea as oral feeding 770.8 770.8
8 no tachypnea under room air no retraction no desaturation fair 770.8 770.8

activity tolerated to current feeding

9 fair activity no subcostal retraction no desaturation no apnea feeding

770.8 770.8

tolerance
10 intermittent sob and desaturation retraction fair activity 770.8 770.8
11 good activity good appetite 770.8 V58.1
12 activity good oral feeding well no vomiting 770.8 599.0
13 smooth breath after extubation u c k p 770.8 518.81
14 discontinued abx on room air feeding good acitivity fair 770.8 162.3

Figure 19. The predicted results and actual results with respect to ICD-9 code 770.8 (the rows in
green are correct; the rows in red are incorrect). 6. The (original) The Subjective Component in this
example was written in Chinese. The translation is “Panting during feeding. It’s fine after a short break.
The oxygen levels stay the same”.

We further investigated the data of ICD-9 code 770.8, and some words were found to appear
repeatedly in the medical records for postnatal respiratory problems, including “intermittent”,
“tachypnea”, “retraction”, and “feeding”, resulting in a higher degree of similarity among the records,
thus the model has a high probability of correct classification based on these high-frequency words.
These highly repetitive medical records also increase the accuracy of model predictions. In addition,
after reviewing the 435 medical records for postnatal respiratory problems, we found that only one
of the records was recorded in Chinese, and that this record was correctly classified by the model.
Thus, though Chinese language medical records only account for a very small proportion of the data

for respiratory problems, the model training was still sufficient for correct prediction.
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Considering the data of ICD-9 code 431, for the intracerebral hemorrhage records, we found that,
in addition to the low degree of similarity of these records, these patients’ chief complaints were fairly
brief and simple, using a small number of words to describe their symptoms (the records for postnatal
respiratory problem prominently featured tachypnea and words related to respiratory distress).

Physicians pointed out that, because reports of intracerebral hemorrhage are typically written
during patient recovery, the report content is mainly based on the condition of patients’ rehabilitation,
with little direct connection to the patient’s disease, resulting in the model being unable to identify
the disease.

S Component True Predicted

Label Label

N 4F 5% K28 KE 7 K A 18E 431 431

2| no iicp signs no headache no dizziness 431 431

3| eye open 2 FH B17 #LE) no fever 431 431

4 under relative stable conditions neurological stationary digestion ok 431 431

5 heavy sputum improved sticky no fever with chills on ng 431 431

6 A MR8 4 M ER 431 431

7 B LR GRHE 2 431 431

8 itchy rash over buttuck progressed 431 431

9 APHERBAEEHETEM 431 434.91

10 £ /RE £ BW F AR 431 434.91

11 MR RBE ZA1 R B8 8FH0 28— & 431 403.91

12 AR BB EAR FAEAFHE 8S 431 434.91

13 mild dizziness no nausea or vomiting 431 403.91

14 keep rehabilitation no fever 431 434.91

Figure 20. The predicted results and actual results with respect to ICD-9 code 431 (the rows in green
are correct; the rows in red are incorrect). The (original) Subjective Component in this example was
written in Chinese. The translation is ‘1. constipation for days; do not choke on water’, ‘3. eye open;
moving left limbs; no fever’, ‘6. have been practicing standing and walking’, ‘7. have been doing rehab’,
‘9. sitting more stably without leaning to the left’, “10. have been practicing walking but still a bit shaky’,
“11. blood pressure is stable; not getting enough material for sputum culture previously; saving one
more set’, “12. sometimes wake up to someone’s calling and sometimes not; limbs are movable’.

3.2. Discussion

In the preprocessing for the subjective component, we filter out all non-Chinese or non-English
characters, including numbers and symbols. The medical records include many numerical data such as
body temperature, blood pressure, wound size, and duration of illness. The symbols used also provide
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important information such as positive or negative values. We hope that future work might be able to
retain these numbers and symbols, indicating certain information, as input data for the algorithms.
Regarding the word segmentation, there are some improvements as our future work. First, in the study,
the subjective component primarily derives from the patients” oral description of their conditions
and contains some medical terminology (e.g., medical examination items, field names). However,
at present, our dictionary files are not optimized to perform word segmentation for medical proper
nouns which may be incorrectly segmented or mixed with other irrelevant words. The accuracy
of our approach could be further improved by enriching the dictionary file of word segmentation
with medical terminologies. Second, we are currently using a Chinese dictionary file as the primary
basis for word segmentation. However, some patient self-report descriptions had been directly
translated into English by medical staff or physicians, when composing the subjective components.
The Jieba word segmentation tool used for this study breaks English words only on the basis of blank
spaces, resulting in poorer performance on complex English words (including abbreviations). We
hope that future work could use specialized English-language word segmentation tools to improve
the segmentation performance.

Currently, we make use of standard text processing, including lower-case rendering and word
segmentation. In such case, the digit will be segmented. For example, as we have a segmented
word “39”, we cannot be sure about the semantics of word: whether the “39” is body weight or body
temperature without context-sensitive information (e.g., the previous and/or the adjacent word of
“39”). That is the reason why we did not take digits into consideration in this pilot study. In the future
work, we will use n-gram (e.g., bigram or trigram) rather than a single word (i.e, unigram) used in
this study.

In the original medical record, the medical staff or the physician will perform a simple test on
the patient and record the result after the patient’s complaint data. For example, if the patient has
been injured in a car accident, medical staffs will usually record whether or not the patient had been
wearing a seat belt or a crash helmet, with results indicated by ulgr s “YES”, “NO”, “47, 4" etc.
However, the word segmentation tool will fail to connect the test item with the result, resulting in
a loss of test data that may be relevant to the patient’s condition. That is, we need a semantic word
segmentation and text preprocessing to resolve context-dependent descriptions of self-report texts.

Once, we used the Google Cloud Translation API, a translation tool, to translate the English text
in the medical records into traditional Chinese text, and then performed word segmentation with Jieba.
We had hoped to integrate some Chinese and English synonyms through the translation process and
thus reduced the number of dimensions in the medical records, but later we found that this did not
increase the predictive accuracy. In addition, we eliminated stop words, both the commonly used
stop words and those used in medical contexts, but this also did not improve prediction accuracy,
possibly because the original high-dimensional data contains more implicit information. In the end,
we removed these two programs to retain more complete information. When adjusting the height
of the convolution layer filter to find the filter size with the highest accuracy, gradually increasing
the size, we found that optimal accuracy was obtained with a convolutional layer filter size of 5 x 400.
That is, the best convolution is of five words. In addition, we found that the maximum number of
words for the input data is also five. Previously, designing neural networks often required adjusting
parameters one by one to find the best model. Perhaps this process could be made more efficient by
observing the maximum number of words as a reference for adjusting the filter height, so that the time
of adjusting the test one by one can be saved.

4. Conclusions

In this paper, we build a CNN-based model to predict the ICD-9 code by only using the subjective
component of medical records. The average accuracy obtained by 10-fold cross-validation is 0.409.
If considering the “chapter match”, the prediction performance of our model is with a recall of 0.58,
precision 0.582, and accuracy 0.580. Currently, the performance of prediction is promising, but has
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not yet reached a standard at which it could be put into practical use. The future work will focus on
improvements mentioned in the previous section and the integrated approach by using both subjective
and objective components of medical data.
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