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Abstract. A Health Condition Alarm System has been developed to provide
practitioners an update on their patients' conditions in real-time. This paper fo-
cuses on how researchers and doctors can use the system to create vital sign
ranges and alarm levels as well as to see the alarm alerts. The system is web-
based and open-access, and the research team would like to collaborate with
practitioners, hospitals, laboratories, and medical professionals to expand the
system's application domains. The research team has leveraged two quality con-
trol methods, X-Chart and Westgard Multi-Rule, to decide the alarm level of a
patient's health condition and the alarm timing. Four alarm levels (i.e., normal,
subnormal, cautious, and alert) can then be decided by the mean values and
standard deviations of the patient examination data.

Keywords: Healthcare, Data Mining, Westgard Multi-Rule Quality Manage-
ment, X-Chart, Levey-Jennings Control Chart.

1 Introduction

The research team intended to design an ideal tele-healthcare system for elderly
healthcare patients [1-3]. With this system's help, doctors can obtain a clear picture of
the health conditions of elderly patients without the patients being required to visit the
hospital frequently. The research team used X-chart and Westgard multi-rule quality
management [4-5] to first analyze patients’ physical examination data and then cate-
gorize their health conditions into different alarm levels. These alarm levels remind
medical professionals when to take action and also reduce the chance of false alarm
being generated [6]. The algorithm was implemented as a built-in module of the tele-
healthcare system; outside the tele-healthcare system, the module cannot be accessed.
Additionally, the vital signs, vital sign ranges, and alarm rules are fixed and cannot be
altered without recompiling the entire system.

Because the criteria of health condition measurements vary among different coun-
tries, regions, and healthcare professionals, the research team implemented a more
sophisticated and flexible open-access health condition alarm system on the Internet.
The system itself is a complete solution that health practitioners working in clinics can
use it to enter patient’s examination data and their observations, diagnosis, and sugges-
tions. Furthermore, the system can also be extended to support complicated lab data
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results feeds and corresponding rules establishment, for instances, the normal body
temperature ranges from 97.6 F to 99.6 F; the adult fever temperature ranges from 100
F (oral temperature) to 101 F (rectal or ear temperature); and, the child fever tempera-
ture ranges from 100 F (oral temperature) to 100.4 F (rectal or ear temperature).

This paper is organized into three main sections. Section 2 explains the fundamen-
tal concepts and designs of the health condition alarm mechanism. (For more details
on this topic, readers can study the research team's previously published work [6].)
Section 3 discusses introduces how health practitioners can use the system. Last,
section 4 demonstrates the flexibility of the system and explains how medical profes-
sionals can set up and add health conditions, lab data units and ranges, as well as ru-
bric information.

2 Concepts of the Health Condition Alarm Mechanism

It is important to provide healthcare practitioners with an update or notification of a
patient’s health condition (assessed and diagnosed through examination data, e.g.,
vital signs and lab results). This research uses two quality control methods, X-Chart
and Westgard Multi-Rule, to decide the specific alarm level that corresponds to a
patient's health condition and the alarm timing. An alarm has four levels: normal (A),
subnormal (B), cautious (C), and alert (D). Alarm levels are decided by the X-Chart
method based on the mean values (M) and standard deviations (SD) of the patient
examination data [7].

After acquiring the mean value and standard deviation of the examination data, the
top limit is set as M + 3SD and the bottom limit is set as M - 3SD. The data in the
range between M + 3SD and M - 3SD is called the action limit, as Figure 1 shows. If
the patient's examination data goes beyond the action limit, then the Westgard Multi-
Rule method may be applied to reassess the patient's examination data. Data that falls
into the range between M + 2SD and M - 2SD will be seen as an "Alert."
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Fig. 1. Action Limit

The range between M + 2SD and M - 2SD is the warning limit (Figure 2). If the
patient's examination data goes beyond the warning limit, then practitioners may need
to take appropriate actions for the patient. The warning limit includes three alarms
levels: normal (A), subnormal (B), and cautious (C). The range between M + 1.5SD
and M + 2SD or between M - 1.5SD and M - 25D is "cautious"; the range between M
+ SD and M + 1.5SD or between M - SD and M - 1.5SD is "subnormal"; and the
range between M + SD and M - SD is "normal."
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Fig. 2. Warning Limit

3 The Health Condition Alarm System for Practitioners

The research team is aiming to make the health condition alarm mechanism available
to all healthcare practitioners, as well as hospitals, healthcare facilities, and medical
service providers; hence, a web-based open-access solution is the most expedient
option. We would also like to provide healthcare practitioners and facilities a com-
plete and flexible health condition alarm solution; therefore, we design and implement
all functions that doctors and administrative professionals require. In this paper, we
will focus on the use cases of doctors and administrative professionals who have used
the system on a trial basis.

As shown by Figure 3, the Health Condition Alarm System is comprised of a num-
ber of independent components. These components were individually developed in
Java; as the project progressed, the components were integrated with one another when
appropriate. The system is running on the Linux server (i.e., Debian) including all
other GNU General Public License servers and services. Since one of our objectives is
to offer doctors and administrative professionals a complete, free, open-access online
solution, the system has two pre-determined user roles: doctor and administrator.
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Fig. 3. Main screen of the system
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When a practitioner signs in to the system, there will be three main functions or
tasks the practitioner can access and perform, shown in Figure 3. However, before the
practitioner can see the heads-up notification of a patient’s health condition, he or she
must access the patient's data by entering the patient’s ID and clicking the "Retrieve
Patient" button.

The practitioner can enter examination data as well as his or her diagnosis, com-
ments, and suggestions for the patient (see Figure 4). Once the data and accompany-
ing notes have been entered into the system, the health condition alarm mechanism
will be activated. For example, a practitioner can see a subnormal notice with the risk
of getting into pre-hypertension stage on the alarm panel at the right hand side of the
screen (Figure 5). A practitioner can also choose whether or not to see the alarms
whose levels are not over a certain level.
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Fig. 4. Practitioners can enter examination data, analysis results and comments after retrieving
the patient’s information

If the practitioner needs to, he or she can also search the historical data for the
patient. When this is done, the health condition alarm mechanism is automatically
applied to the time period of the historical data; the practitioner can then see notifica-
tions regarding the patient's health condition (Figure 6). In this simulation case, the
practitioner can see two subnormal notices relating to hypertension and obesity prob-
lems the patient has.

4 Health Condition Alarm System for Administrative Users

Since the criteria for measuring and evaluating a patient's health condition(s) through
the analysis of examination data and lab results differ among health facilities around
the world, the system provides administrative professionals with functions to: (1) add
labels (i.e., vital signs in the system), units, and ranges for lab results; (2) add health
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Fig. 5. Practitioners can see the alarm(s) once new data has been entered.
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conditions and manage the associations between the health conditions and vital signs;
and (3) establish the connections among alarms and health condition risks.

If administrative professionals have any lab results which the current system does
not support, they can use the Vital Sign Management function (shown in Figure 7)
to add new vital sign names and their units. Once vital signs have been added,
practitioners can enter the data or information for the patient(s). Because the alarm
mechanism uses mean values and standard deviations to test the examination data, the
administrative professionals need to add ranges for the vital signs (see Figure 8).
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Fig. 7. Administrative professionals can add new vital sign names for lab results
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Fig. 8. Administrative professionals can add alarm ranges for particular vital signs
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The assessment of a health condition can only be made based on one or more vital
signs. For example, the practitioner may need to consider both blood pressure and
pulse to tell if a patient is at risk for hypertension problems. In this system, the admin-
istrative professionals can first add the health condition(s) for the newly added vital

signs (shown in Figure 9). They can then relate the vital signs (i.e., lab results) with
the health condition(s), as Figure 10 shows.
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Fig. 9. Administrative professionals can add health condition(s) for particular vital signs

< €' [ soapnote.dyndns.info:5051/vstsweb/ad min. sp

7%

a

SOAP NOTE TRACKING & ANALYSIS SYSTEM Logout

SOAP NOTE SEARCH ADMINISTRATION

Doctors  Patients | Researcher

Vital Sign  Vital Sign Ranges | Health Conditions || Health ConditioriVital Sign Association | Simple Rules

Display 10 %  recordsSearch:

Id Name Mame
2 Sbeety Clear Submit
2 Heart Condtion

1 Hypertension
Showing 1103 of 3 entries

e

Fig. 10. Administrative professionals can associate health condition(s) with vital signs
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The third function administrative professionals can perform deals with creating a
rubric or set of rules which link both the alarm levels of vital signs and the risks of
getting health problems together. For instance, a patient may be in one of four risk
categories of having hypertension: normal, pre-hypertension, hypertension stage 1,
and hypertension stage 2. Administrators thus need the Rules function (shown in Fig-
ure 11) to create the rubric, so that healthcare practitioners can see the appropriate
alarm-relevant notifications in the alarm panel.
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Fig. 11. Administrative professionals can create rules for specific health problem

5 Conclusion

The Health Condition Alarm System is a web-based open-access system for health
practitioners, healthcare organizations and facilities such as hospitals and clinics, and
medical professionals. The system is self-sustainable and has all the functions that
practitioners and administrative professionals need: The system not only allows ad-
ministrative professionals to add new lab results, health conditions and risks, but also
allows them to customize (depending on country and/or different facility) using their
own criteria of measuring a patient's health condition(s) in regards to reading and
analysing lab results. Individual patients can also use the system to both monitor their
health condition(s) and receive alarms or notifications about the likelihood and risks
of having health problems. All that is required to use the system is a record of their
examinations data and lab results.

The research team would like to collaborate with healthcare practitioners, clinics,
hospitals, organizations, and information service providers (i.e., industry partners) to
test the usability of this system as well as to get user perceptions and comments about
the system to make further improvements in the future. The research team also hopes
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to have the opportunity to expand the database of vital signs and health conditions, so
that the system can be more beneficial and effective for users.
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