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Abstract

OBJECTIVES: This study aims to find the agreement between the Bangkok
Dusit Medical Services (BDMS) Utilization Review Technology Version 2
(BURT?2), an artificial intelligence (Al) driven application, and Utilization
Management (UM) physicians’ opinions to assess appropriateness of continuation
of hospital stay.

MATERIALS AND METHODS: This retrospective study gathered
de-identified patients’ data from the Health Information System (HIS) of a
network hospital of BDMS. The study included patients’ data admitted in
December 2021. A sample size, calculated from all data, was 274 cases.
Inclusion criteria were patients with age more than 3 months and length of
stay (LoS) of not more than 7 days (LoS < 7 days). All data were processed
by BURT 2 to predict the appropriateness of continuation of hospital stay of
patients at each admission day. BURT 2 is an Al application specially
developed to classify admitted cases on appropriateness for continuation of
hospital stay. The application employed convolution neural network (CNN)
and natural language processing (NLP) techniques on top of a rule-based
algorithm, similar to its predecessor BURT 1. Outputs from BURT 2 were
compared with UM Physicians’ opinions. BURT 2 was trained until the
agreement or accuracy reached 90%.

RESULTS: Among 274 cases, of which 45.3% were male, 53.3% were
diagnosed as simple diseases, the majority (42.7%) received services at
Internal Medicine Unit. Almost all of cases (95.3%) stayed in hospital for
less than four days. The comparison between BURT 2 outputs and UM
Physicians’ opinions on the appropriateness of continuation of hospital stay
in 274 cases showed an agreement of 96%, with 95% sensitivity, 96%
specificity, 95% positive predictive value (PPV) and 97% negative predictive
value (NPV).

CONCLUSION: BURT 2 had adequate agreement for predicting an
appropriateness of continuation of hospital stay. It enabled an initial screening
of appropriate continuation of hospital stay, increasing UM nurse work
effectiveness, reducing an inappropriate continuation of hospital stay and
reducing medical expenses from an inappropriate admission.

Keywords: Utilization Management (UM), Continuation of hospital stay,
Atrtificial Intelligence (AI), BDMS Utilization Review Technology (BURT)

M is a part of healthcare system that deals with the

l | medical utilization during hospitalization and the medical
coverage from insurance companies or third-party payers.

A UM Nurse is a nurse who is responsible for reviewing medical
records in order to monitor reasonableness, necessity and
appropriateness of medical services or admission. The method is
carried out by the concurrent review and the retrospective review.
This method requires good HIS and completed medical records
with systematic reviewing process for ensuring the right decision
making. The reviewing process includes a UM physician who is
responsible for giving advice and the UM Committee that is
responsible for monitoring and determining UM indicators to
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standardize the UM works. The examples of indicators were
Appropriateness of Admission — Intervention — Consultation
— LoS, Utilization Rate, Hospital Day per 1,000 admissions,
Average Cost per Case, Average LoS, and etc.!

UM is one of the techniques for reducing unnecessary
health care requirements, controlling the cost of overutilization
that may be a result of misconduct of practitioners or
misbehavior of patients and preventing inappropriate admission?.
Thus, the review and analysis of medical utilization in patients
is highly important. It also requires the patients’ clinical symptoms
review including physical examination results, laboratory
results, x-ray results, chief complaint, treatment procedures
that were recorded in HIS as well as all medical records that
were currently recorded in the electronic medical record (EMR)
form. The difficulty and lengthy consumption of the review
works possibly causes some human errors in terms of decision
making. Recently, a UM nurse of Bangkok Hospital
Headquarters routinely reviewed 50 cases a day, varying on
the complication of patients’ conditions. An experience of each
individual UM nurse was another factor that affected the time
consumption for utilization review.

This article focusses on the appropriateness of continuation
of hospital stay based on physician opinion, assessed by
symptoms, physical examination, investigations, and required
hospital facilities, for example, the patient has difficulty breathing
needs oxygen support in hospital, etc.

This study on the development of BDMS BURT, an
application that the investigator team had initiated for analyzing
a medical utilization appropriateness, aimed to support the
decision of UM nurses when finding an inappropriate treatment.
The BURT 2 was upgraded from BURT 1.1. (BURT 1.1
assesses the appropriateness of Admission, while BURT 2 adds
a function to assess the appropriateness of Continued Hospital
Stay.) The BURT 1.1 applied the platforms of CNN and NPL
for its processing process.. These platforms increased their
capabilities in terms of wording or meaning classification,
latent content interpretation and context decoding to help
reduce misevaluation. Also, Al technology was used to process
the data into algorithm and to convert written language or
natural language into a dummy algorithm for analyzing
physician’s written language, as seen in Figure 1.

The development of BURT 1.1 indicated that the overall
accuracy of appropriate hospital admission was 86.0%. Moreover,
the accuracy of BURT when compared with the retroactive
approval of insurance claim was 99%. Its processing time was
only 0.59 seconds, which is a significant time saving when
compared with the time spent by a UM nurse, usually 10-15
minutes per case’. Recently, BDMS network hospitals were
chosen to be the pilot hospitals to employ BURT version 1.1
as a tool for automatic routine screening. It gathered data
directly from HIS database and other systems that relate to
treatment of patients during hospitalization. BURT 1.1 could
detect the medical records that had a high risk of inappropriate
admission, reduce time consumption for reviewing inappropriate
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admission by UM nurses, increase an effectiveness of claim
approval from appropriate and complete medical records,
reduce unnecessary medical expenses and decrease possible
claim rejection from insurance companies. However, the
functions of BURT 1.1 did not cover other health dimensions
such as an appropriateness of continuation of hospital
stay, etc.

Thus, the Principal Investigator developed BURT 2 to
increase the scope of patient safety standards, in particular, the
appropriate continuation of hospital stays. The Principal
Investigator convened meetings with the UM Physician Panel
Team to gather and study guidelines related to the appropriate
continuation of hospital stay for each disease*® such as the
International Association for Ambulatory Surger’, Infectious
Diseases Society of America'®, Inpatient Discharge Criteria
for Children!' as seen in Figure 2. All related guidelines were
applied to determine terms and conditions in BURT 2
(Appendix B).

Materials and Methods

This study was a retrospective chart review. The study
protocol was approved by BDMS IRB (COA number BHQ-
IRB 2021-11-30). Deidentified data were retrieved from HIS
with approval from hospital director of a network hospital in
BDMS. The data were patients’ data receiving services in
December 2021.

BURT 2 was Al application specially developed to clas-
sify admitted cases on appropriateness for continuation of
hospital stay. The application employed CNN to abstract and
interpret free-text data in medical records to see if a word or
sentence meets certain criteria. The system has a set algorithm
based on data from both NLP and rule-based approach. Tech-
niques were added to a rule-based algorithm, similar to its
predecessor BURT.!

Subjects were randomly selected from patients who were
admitted in December 2021, with age > 3 months and LoS <
7 days. The sample size was calculated using the formula of
diagnostic study'*, with the following parameters: sensitivity
of at least 80%, prevalence of inappropriate hospital admission
of 10%, type I error at 5% (o < 0.05) and maximum marginal
error of 5%. The calculated sample size was 274 cases.

The evaluation of BURT 2 followed the criteria (Figure
3). Each criterion had 1 score in terms of NLP and rule-based
algorithm condition. All scores were summarized into a total
score (Figure 4). The score was displayed by the BURT 2 Ap-
plication into one of 3 types: Inappropriate (0 Score), Border-
line (1 Score) and Appropriate (> 2 Score). The displayed score
was used to reduce UM Nurse workloads in case reviewing.
The score indicated the prioritization of the cases. The UM
Nurse could allocate their time and efforts to focus on the
inappropriate, borderline, and appropriate cases, respectively.
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For the criteria for scoring UM physician expert Panel, 3 UM The total scores from the UM Physician and BURT 2 were
physician experts reviewed the same information form hospital ~ compared. During the development of BURT 2, the criteria
information system (HIS). The information was divided into ~ were fine-tuned to make BURT 2 as accurate as a UM
6 categories (A—F). The score was given based on medical ~ Physicians Expert panel.

guidelines and divided into 2 types, appropriate and inappropriate.

BDMS BURT ENHANCEMENT FUNCTION
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HIS: Hospital Information Systems; GLS: Greenline Synergy Co.,Ltd.; NLP: Natural Language Processing; Al: Artificial Intelligence

Figure 1: Diagram of BURT Processing System

Vital Signs must have been stable
for atleast 1 hours

* The patient must be discharged by both
The patient must not the person who administered

have anesthesia and the person who
performed surgery, or by them

The patient must be

* Oriented to person, e More than minimal deS-i-gnatfas. .
place, and time nausea and vomiting | * Written instructions for the
e Able to retain orally o Excessive pain postoperative period at home,
administered fluids « Bleeding including a contact place and person,
« Able to void must be reinforced.
¢ Able to dress

e Able to walk without * The patient must have a responsible,
assistance 'vested- adult escort them home and
stay with them at home.

Figure 2: Guidelines for safe discharge after ambulatory surgery'? '3
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Figure 3: Dependent variables and clinical data sources used by BURT predictive algorithm for continuation of hospital stay
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Total score = Sum of all criteria scores

Total score Predicted result B
. A (History of
0 Inappropriate illness)
1 Appropriate (Borderline)
22 Appropriate

B (Physical
examination)

C
(Investigation)

—_—

Hospitalization (LOS)

E (Other)

F (Procedures)

D
(Management)

923‘

Figure 4: Continuation of hospital stay scoring system implemented in BURT 2

(NLP and rule-based algorithm)
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Data collection process

The process of data collection and data processing were
performed by hospital IT staff in adherence to standards for
protecting patient confidentiality. Recently, Greenline
Synergy Co., Ltd. had accessed data under the guideline of
ISO/IEC 27001:2013 &ISO 27799 (Information Security
Management System). The IT staff gathered data on the inclusion
criteria without engaging other data not related to this study.
1.Data related to this study were divided into 6 parts

(Figure 3) as follows:

Part A: History of illness (Data Source: Outpatient

department & Emergency room record Admission note)
Part B: Physical Examination & Vital signs (Data Source:
Progress note, Graphic sheet, Pain record)
Part C: Investigations (Data Source: Laboratory)
Part D: Medical Care and Management (Data Source:
Progress note, Order sheet, MAR sheet, Order items,
Operative note)
Part E: Other; Age (Data Source: Outpatient department
& Emergency room record Admission note)
Part F: Procedures (Data Source: Imaging, Order items,
Operative note)
Part G: Alert (Data Source: Outpatient department &
Emergency room record Admission note)
2.Relevant data was uploaded to BURT 2 for processing and
evaluating appropriate continuation of hospital stay of
patients for each admission day.

3.The data of each patient uploaded to BURT 2 were also
distributed to 3 UM physicians with more than 10 years of
medical care experience and more than 3 years of UM
experience for evaluating and making a decision on appropriate
continuation of hospital stay. Each expert was independent
from the others. When there were contradictory decisions,
the final decision was taken from consensus of 3 experts.
The decisions of UM physicians were in line with the gold
standard, medical standard of practice.

4.The review from 3 UM physician experts were compared
with the outputs from BURT 2 for predicting an appropriate
continuation of hospital stay of patient.

Data analysis

The outcomes of this study were measured as follows:

1. Descriptive statistics are used to describe the common
characteristics of sample data in this study, including
frequency and percentage.

2. An effectiveness of BURT 2 was measured by comparing
outputs of BURT 2 with UM Physicians for agreement or
accuracy, sensitivity, precision or PPV, Specificity and
NPV15.

Results

Among 274 subjects. 45.3% were male. 53.3% were in the
group of simple diseases. The majority of sample (42.7%)
received services at the Internal Medicine Unit. Almost all of
the subjects (95.3%) were admitted with hospital stay of less
than 4 days. The details are exhibited in Table 1.

UM Physician Opinions

The decision from the review of 3 UM Physicians in 274
cases showed that the outcomes of 218 cases (80%) were the
same, while those of 56 cases, (20%) were not. Medical records
of these 56 cases were openly discussed case by case to reach
a final decision of appropriate or inappropriate continuation
of hospital stay. Then, all decisions were compared with
outputs of BURT 2.

Comparing Outputs of BURT 2 and UM Physician opinions

The outcome of the study is shown in Table 2

Table 1: Demographic and clinical characteristics data in this
study (n=274)

Demographic and characteristics n (%)
Age (years)
3 months -19 93 (33.9)
20-39 67 (24.5)
40-59 79 (28.8)
=60 35 (12.8)
Sex
Male 124 (45.3)
Female 150 (54.7)
Disease
Simple disease 146 (53.3)
Non-simple disease 128 (46.7)
Specialty
Medicine 117 (42.7)
Pediatric 88 (32.1)
Surgical 23 (8.4)
Cardiology 16 (5.8)
other 30 (11.0)
Length of stay (days)
1-2 218 (79.6)
3-4 43 (15.7)
5-7 13(4.7)

*Simple disease was a mild illness without complication or affecting future
serious conditions or other diseases. In general, the insurance company
usually indicated a group of illnesses. This study referred to simple diseases
from the Rational Classification of Simple Disease Cases in BDMS Hospitals
using Relative Weight and Case Mixed Index (appendix D).

**QOthers include departments excluded from the Table such as Ear Nose Throat,
Endocrine, Neurology, Obstetric Gynecology.

Table 2: Confusion matrix for appropriate vs inappropriate
continuation of hospital stay predicted by BURT 2 prediction
output and UM Physician Panel consensus (n = 274)

UMP Appropriate  Inappropriate  Total
BURT
Appropriate/Borderline 104 6 10
Inappropriate 5 159 164
Total 109 165 274
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From Table 2, the overall agreement of appropriate
continuation of hospital stay of BURT 2 was 96%, with 95%
sensitivity and 96% specificity. Moreover, BURT 2 had shown
its precision of 95% PPV, 97% NPV, and 6 cases of false
positive cases (false appropriate). After the disagreement was
reviewed, it was found that BURT 2 indicated the borderline
cases were on the discharge date, which could be interpreted
as either appropriate or inappropriate. Three of the 6 cases
were interpret as appropriate. The disagreement of another 3
cases were caused by the irrelevant treatment in comparison
with the chief complaint (over treatment).

An overall of appropriate continuation of hospital stay
interpret by BURT 2 showed 40%. It was similar to 40% that
was evaluated by UM physician. An inappropriate continuation
of hospital stay interprets by BURT version 2 showed 60%
which was similar to 60% evaluated by UM physician.

Table 3 showed the insurance claim approval of 274 cases.
The precision or PPV was 100%. The Investigation Team
focused on PPV more than sensitivity because the objective
of the development of BURT was to detect inappropriate
continuation of hospital stay and to manage the case correctly
and appropriately before submitting an insurance claim. The
table showed that there was one rejected claim from the insurance.
A review of the rejected claim found an inappropriate
treatment; however, this gap had already been resolved by
programing it into the terms and conditions of BURT 2.
However, the factor that made the sensitivity low, 40% , was
the context of the insurance industry in Thailand. The insurance
claim approval was highly flexible. Beside the appropriateness,
there were many factors that influenced claim approval.

Discussion

This study focused on the accuracy of BURT 2 based on
the comparison of appropriate continuation of hospital stay
between the BURT 2 and the UM physician expert panel. The
platform and method of development were similar to BURT
1.1. The structure of BURT 2 is a combination of NLP and
rule-based model (condition setting based on Standard
Medical Guideline and Expert panel). BURT 2 had been
tested until its outcome was similar to UM physician expert
panel.

To ensure that BURT 2 could effectively reduce UM nurse
workload on concurrent review, the outputs of BURT 2 were
also compared with the insurance claim. The outputs
excluded the rejected claims that were exempted by the insurance
policy (excluded conditions) or business (the coverage without
evident medical appropriateness but other mutual benefits). It
was expected that the false positive should be less than 5% in
terms of medical standards (excluding rejected claim from
policy exclusion). The outputs in terms of medical standards
were satisfied with 100% precision or PPV. If the prediction
of appropriateness of continued hospital stays from BURT 2
was indicated as “appropriate”, it was unnecessary for the UM
Nurse to review again. UM nurses can focus on inappropriate
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Table 3: Confusion matrix of BURT prediction output and
insurance claim approval

Insurance Appropriate Inappropriate  Total
BURT claim
prediction output
Appropriate/Borderline 110 0 10
Inappropriate 163 1 164
Total 273 1 274

and borderline cases as a priority, able to manage correctly,
appropriately, and in a timely manner. This could reduce
workload of UM nurses from insurance claim approval. How-
ever, the limitations of BURT 2 was similar to BURT 1.1. They
required EMR and computerized physician order entry
(CPOE). Its function was also limited if the medical record or
physical examination were not complete. In addition, this study
was conducted drawing data from one hospital so the variety
of data accessed might be insufficient. The training of NLP
should be added to cover various contexts and diseases of
other hospitals in Thailand.

Recently, the Investigator Team had extended BURT 2 to
the pilot hospitals that had implemented BURT 1.1. Further-
more, BURT 1.1 in pilot hospitals was upgraded to BURT
version 1.2 (Appendix F). For higher accuracy, BURT 2 was
trained in NLP and rule-based by physician expert panel as
was BURT 1. Moreover, there was a plan to upgrade BURT 2
to become version 2.1 to expand the screening areas and to
cover more investigation and treatment.

Conclusion

The outcome from the development of BURT 2 from NLP
and ruled-based model to evaluate the appropriate continuation
of hospital stay compared to the outcome from UM physician
expert panel was satisfied. BURT 2 reduces the workload of
UM nurses in assessment of the appropriateness of continuation
of hospital stay. The outputs showed 96% agreement with UM
physicians, 95% sensitivity, 96% specificity, 95% precision
or PPV and 97% NPV. Its output was complied with insurance
claim approval (This study indicated that 237 cases of
insurance claims were approved). It supported UM nurses on
the claim assessment process and made the management of
insurance cases more effective. BURT 2 could build trust with
insurance companies and promote medical record completeness.
It benefited every related party of UM profession through
improved standard of UM, increased appropriate medical
treatment, decreased possible complications from prolonged
hospital stay and eliminated unnecessary medical expenses.
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Appendix A

Development for Prediction Engine of BURT 2

The steps of medical appropriate continuation of hospital
stay prediction by BURT had been designed into 3 layers as
follows: (see Figure 4)

1. Concept Layer: This step included the suborders extraction
and the processing of Al model. The criteria for extraction
could be input in database.

2.Condition Layer: This step had retrieved data from the
concept layer and filtered such data by determined terms
and conditions.

3. Classification Layer: This step had interpreted all findings
into scores. All scores were calculated under the continuation
of hospital stay criteria.

The development of BURT 2 had applied NLP as a com-
ponent of BURT. In the process of physician’s written analysis,
77,363 sentences had been trained into the system. An accu-
racy from the prediction of 23,218 sentences was shown in
Table 4. Its accuracy and precision were 98% and 97%, re-
spectively.

Table 4: Confusion matrix for NLP predicted model in BURT
2 (Continuation of hospital stay) (n = 23,218 sentences)

Predicted Value
BURT Actual value Accuracy 0.98
Positive Negative Precision 0.97
Positive 5,141 171 Recall 0.97
Negative 184 17,722 F1-score 0.97
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Figure 5: Diagram that presented some example parts to configure the internal relationship in Prediction

Engine of BURT 2-part Continuation of hospital stay
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Appendix B

Table 5: Examples of Hospitalization appropriateness criteria as implemented in BURT version 2.0

Appropriateness criteria for BURT (Continued hospital stay)

Variables

Examples of criteria

A History of illness

Al.l

Neurological/ Cardiovascular

Near syncope, Micturition syncope

A2.1 Cardiovascular/ Lower respiratory problems Progressive dyspnea, dyspnea atrest

A3.1
A4.3

Chest pain, Suspected ACS
Unable to eat/ Dehydration problems

B Physical Examination

B1.1

B3.1

B4
B5

B6

B7.1

B12.2
B13.1
B14.1

B15.1
B22
B24

B29

General Appearance

Respiratory Rate

Oxygen Saturation

Unstable angina
Vomiting more than 2 times

Angioedema

Unable to move

Mental status change

RR < 30/min (Age < 5 years)
RR < 22 /min (Age 2 5 years)
<95 %

Lower respiratory problems (Abnormal breath Wheezing/ Poor air entry/ Stridor/ Rhonchi/ Chest retrac

High Blood Pressure

Low Blood Pressure

Pain score
Surgical abdomen
Neurological problems

Sign of shock

Temperature
Count of stool

Pulse

C Investigation

C5
C6
Cc7
C8
Cc9
C16
C19

Serum Sodium(Na+)
Serum Potassium(K+)
Bicarbonate (Total CO2)
Creatinine

Glucose

Lactate

Procalcitonin

D Management

D11
D2
D4
D5.1
D7
D10
D11

Observation / Monitoring q 4 hrs or more
Oxygen supplement

SBP > 185 mmHg or

DBP > 120 mmHg (Age = 9 years)
SBP < 85 mmHg or

DBP < 50 mmHg (Age = 9 years)
Orthostatic hypotension (>20 SBP)
Pain score= 5

Rebound tenderness/ Guarding

New abnormal / Focal signs neurological exam

Cold/ Clammy extremities, Capillary refill time (CRT > 2 sec

Faint pulse

Temp = 37.8 °C

> 2 time/day

Pulse 80-140 bpm (Age 0-1 years)
Pulse 80-130 bpm (Age 1-2 years)
Pulse 75-120 bpm (Age 2-6 years)
Pulse 60-110 bpm (Age 6-12 years)
Pulse 40-100 bpm (Age > 12 years)
<130 or > 150 mmol/ L
<3.1or>6 mmol/L

<16 or > 34 mmol/L

> 1.4 mg/dL

< 60 or > 300 mg/ dL with symptomatic
> 2 mmol/L

> 0.5ng/ml

Bronchodilator NB atleast 2 in 24 hours or more
IV fluid or 1V or IM medication atleast 1 in 24 hours or more

Blood transfusion or blood components
Troponin- |
Troponin-T

> 2 time/day
> 2 time/day
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Appendix C

These figures were the samples of prediction and other  evaluating an appropriate admission and medical appropriate
details from BURT. The icons of each score had displayed on  of continuation of hospital stay.
the screen of BURT 2. The users could use these data for

Display Application

BDMS Utilization Review Technology
Data Source : Gateway V2 v J
Hospital Site : J
~
Date Filtering EN Searching
Date Criteria : Start Date : End Date :
Admit Date v
Episode Status : 0 Discharge @ On-ward Insurance Type ; 8 Local Insurance O Inter Insurance O Other
Daylength: 7 ~ 1 Visit Detail B Summary Detail
o
HHN - Name :
EN: Age: Room : Visit Date/Time :
First Seen Doctor -
No.1 Main Doctor :
Diagnasis -
Payor -

@ Admission

- =
| to/o7/2022 | |=*

| # Appropriate(4) J
9
HN Mame ;
EN: Age: Room : Visit Date/Time :
No.2 First Seen Doctor :
o Main Dactor:
Diagnosis :
Payor :

@ Admission

(© Lengthof stay

.._'!EE"L:' [ _—%‘. Borderiine(n) |

[ toromizez |2 Anpropriste(3) {
\

Figure 6: Screen shot of BURT 2 displaying prediction results
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Appendix D

List of Simple diseases

Table 6: Source: “Rational Classification of Simple Disease Cases in BDMS Hospitals using Relative Weight and Case Mixed
Index, disseminated in BKK Med J 2019;15(2):130-9.”

Simple disease Relative Weights (RW's) Simple disease Relative Weights (RW's)
Vertigo 0.1998 Influenza 0.2591
Dizziness 0.1998 URI/URTI 0.2591
Gastroenteritis 0.2225 Common Cold 0.2591
Diarrhea 0.2225 Acute Sinusitis 0.2591
Acute Gastro-enteritis 0.2225 Acute Tonsillitis 0.2591
Gastritis 0.2395 Allergic rhinitis unspecified 0.2591
Dyspepsia 0.2395 Fever unspecified (child) 0.2667
Dermatitis unspecified 0.2444 Syncope 0.2705
Migraine 0.2444 Myalgia 0.361
Headache 0.2444 Laryngitis 0.3678
Urticaria 0.2444 Tracheitis 0.3678
Abdominal pain 0.2486 Acute Bronchitis 0.3678
Viral Infection 0.2541 Fever unspecified (adult) 0.3864
Pharyngitis 0.2591
Appendix E
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Subject ID
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Figure 7: Sample of Continuation of Hospital Stay Form - Case record form (CRF-ST-20211101)

Appendix F

Appendix F presents the progress of the development of
BURT 1.1. BURT 1.1 had recently been implemented in some
BDMS network hospitals. The development of NLP and
Rule-based processes were regularly monitored and improved
by the Investigator Team in collaboration with the UM Physician

expert panel until it was upgraded to BURT 1.2. We increased
keywords for NLP training (from 79 to 119 terms), and
increased NLP training and testing dataset (from 77,707 to
196,102 sentences), (Figure 9 and Figure 10).

Natural Language Processing (NLP)
Training and Testing
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Figure 8: Development of Natural Language Processing (NLP)
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Precision
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BURT1.1 BURT1.2 BURT1.1 BURT1.2

Figure 9: Development of BDMS Utilization Review Technology (BURT 1)

After the implement of BURT 1.1, the satisfaction survey
had been conducted. The satisfaction outcome was satisfied
(Figure 11). In order to increase satisfaction rate, we drilled
down on feedback from users that rated us Fair and Poor.
Almost all feedback was about technical problems such as the
program frequently encountered errors, the program

frequently encountered failure, and the program should be
merged with the program for printing concurrently. As for the
last feedback, we already had a plan to merge all programs
related with insurance into one application to be more user
friendly.

User Friendly

Poor = 5%

Excellent = 2%

15

12 4

Speed of Data Processing

111

Response rate = 100% (15 users from 4 hospitals)

Accuracy of Data Processing HIS Data in line with HIS

User Friendly Concurrent Review Concurrent

Review Workload Reduction

Faster Working Process

Figure 10: BURT 1.1 User satisfaction survey report
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