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Abstract

Background: Until recently, laboratory automation has focused primarily on improving hardware. Future advances are
concentrated onintelligent software since laboratories performing clinical diagnostic testing requireimproved information systems
to address their data processing needs. In this paper, we propose DB4US, an application that automates information related to
laboratory quality indicatorsinformation. Currently, thereisalack of ready-to-use management quality measures. Thisapplication
addresses this deficiency through the extraction, consolidation, statistical analysis, and visualization of data related to the use of
demographics, reagents, and turn-around times. The design and implementation issues, as well as the technologies used for the
implementation of this system, are discussed in this paper.

Objective: To develop a genera methodology that integrates the computation of ready-to-use management quality measures
and a dashboard to easily analyze the overall performance of a laboratory, as well as automatically detect anomalies or errors.
The novelty of our approach lies in the application of integrated web-based dashboards as an information management system
in hospital laboratories.

Methods: We propose a new methodology for laboratory information management based on the extraction, consolidation,
statistical analysis, and visualization of datarelated to demographics, reagents, and turn-around times, offering a dashboard-like
user web interface to the laboratory manager. The methodology comprises a unified data warehouse that stores and consolidates
multidimensional data from different data sources. The methodology isillustrated through the implementation and validation of
DBA4US, a novel web application based on this methodology that constructs an interface to obtain ready-to-use indicators, and
offers the possibility to drill down from high-level metrics to more detailed summaries. The offered indicators are calculated
beforehand so that they are ready to use when the user needs them. The design is based on a set of different parallel processesto
precalculate indicators. The application displays information related to tests, requests, samples, and turn-around times. The
dashboard is designed to show the set of indicators on a single screen.

Results: DB4US was deployed for the first time in the Hospital Costa del Sol in 2008. In our evaluation we show the positive
impact of this methodology for laboratory professionals, since the use of our application has reduced the time needed for the
elaboration of the different statistical indicators and has also provided information that has been used to optimize the usage of
laboratory resources by the discovery of anomalies in the indicators. DB4US users benefit from Internet-based communication
of results, since thisinformation is available from any computer without having to install any additional software.
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Conclusions:
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The proposed methodology and the accompanying web application, DB4US, automates the processing of

information related to laboratory quality indicators and offers a novel approach for managing laboratory-related information,
benefiting from an Internet-based communication mechanism. The application of this methodology has been shown to improve

the usage of time, as well as other laboratory resources.

(Interact J Med Res 2012;1(2):€16) doi: 10.2196/ijmr.2126
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Introduction

These days, laboratories tend towards automation. The data
they manage are structured around information systems that
storenot only purely analytical data, but al so management data,
such as sampl es, timestamps, and demographics. Nevertheless,
thereisalack of ready-to-use management quality measures or
indicators, which makes it very difficult to easily analyze the
overall performance of the laboratory and thus to use the
available information to make evidence-supported decisions

(1.

The reagents used for laboratory anaysis have a profound
impact on the global economic balance of the laboratory.
Clinical laboratory costs increase rapidly due to increased
laboratory utilization and to inflationary trends[2]. In particular,
the Hospital Costa del Sol laboratory expenditures increase
about 10%-15% annually. The costs of this |aboratory have an
impact of 3-4% on the total hospital expenditures.

It has been pointed out that having accurate information on
laboratory test costs effectively leads to reduction in hospital
expenditure [3]. For that reason, an accurate estimation of the
money spent on reagentsin agiven period is of great importance
from an organizational point of view. In order for it to be
reasonably accurate, a large amount of data on number of
determinations, quality controls, or calibrations for different
tests and analytical instruments has to be available beforehand.
These dataare aready stored in theinstruments and information
systems of thelaboratory, but not in an easily accessiblefashion.
Each data source stores a large amount of partially redundant
data using a different format. The collection and analysis of all
the necessary data represents a cumbersome, error-prone, and
time-intensive process, and the estimation of the desired values
hasto make use of extrapolation of past trendsand other indirect
means. Such calculations involve several hours, or even days,
of manual work, combining data from different sources.

Furthermore, interesting information such as patterns and trends
can be hidden among the massive amounts of data distributed
between different systems. For thisreason, it would be of great
useto have asystem ableto gain accessto all the necessary data
in the information systems, in order to automatically unify,
process, and provide ready-to-use summaries to the laboratory
manager. Indicators defined by the user would be readily
available, allowing relevant performance trends to be seen at a
glance and possibly revealing some aspects of the laboratory
performance that could be optimized [4].

Decision support systems capable of providing such performance
measures constitute a solution for this task, as explained by
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Power’sarticle[5], which offersareview of the most important
milestones in the history of decision support systems. In that
work, decision support systems are presented as the result of
the convergence of various technology threads, which started
in the early 1960s. The focus shifted towards web-based
analytical applicationsin the late 1990s, with the emergence of
ad-hoc corporate intranets and web-based applications. The
adoption of such information systems has been a key factor for
quality improvement in medical centers such as the Legacy
Good Samaritan Hospital in Portland, Oregon, the Ranking
Medical Center in Brandon, Mississippi, and St. Mary’sHealth
Care System in Athens, Georgia [6]. Some specific examples
of successful decision support systemsfor clinical laboratories
are QCIS|[7], designed to identify relevant clinical information,
and COAT [8], a system able to assess outcomes and measure
performance by gathering, formatting, and abstracting data.

A suitable tool for providing quality measures is the
management dashboard, an interface where complex and
heterogeneous data from various sources are consolidated and
displayed, in order to provide easy-to-read summaries of
previously defined performance metrics. Dashboards are the
result of the evolution and convergence of classical Decision
Support Systems, Executive Information Systems, Data
Warehouses, and Business Intelligence [9]. They represent a
key tool to improve efficiency, accel erate decisions, and reduce
oversights and errorsin clinical practice [10]. We refer to the
work of Kroch et al [11], where several dashboards across
different hospitals are studied, showing the tool’s effectiveness
in quality management.

In this paper, we present amethodol ogy based on amanagement
dashboard providing performance measuresfor laboratoriesand
a web application that illustrates this methodology, DB4US.
Thistool isthe product of aproject created as part of an ongoing
collaboration between the University of Malaga, Hospital Costa
del Sol of Marbella, and Siemens Healthcare Diagnostics, S.L.

Our goa was to design a methodology that would enable
physiciansto obtain information about the overall performance
of the laboratory in the form of requests, tests, and turn-around
times and to validate this methodology implementing a web
application. Asan easy-to-read summary of the data, we propose
the use of a dashboard screen, which offers a high-level view
of the most important indicators.

The main objective is thus the design of this methodology and
the implementation and deployment of a dashboard-like
application capable of summarizing metrics related to the
number of tests, samples, and requests handled by thelaboratory
of the Hospita, as well as turn-around times. The
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implementation of the project comprises the construction of a
unified data warehouse that stores and consolidates
multidimensional data from various information sources,
offering an interface to obtain ready-to-use indicators, and a
user-oriented front-end application that offersthe possibility to
drill down from high-level metricsto more detailed summaries.

Methods

Thelaboratory of the Hospital Costadel Sol isorganized around
the ADVIA LabCell system, with several analytic instruments:
two ADVIA 2400, three ADVIA Centaur XP systems, and one
IMMULITE 2000 Xpi system. The core of the information
system of the laboratory is the ADVIA CentraLink data
management system, which provides an integrated foundation
for automating and consolidating data from the laboratory.
Another important information source in the laboratory is
Linemaster, which offers more detailed information about the
samples’ life-cycle and their related timestamps.

The Lab Cell System processes around 1200 patients daily and
has a portfolio of 97 different tests (eg, biochemistry,
immunochemistry, serology, allergy tests, etc.). The impact on
the general budget of the laboratory is 50%, approximately.
Note that our application uses only data from the automation
chain. Datathat are not provided by the af orementioned systems
are out of the scope of the application described in this article.

It is necessary to access the different sources of datato achieve
the abjectives, specifically the ADVIA Centralink system and
Linemaster, to consolidate the obtained data and to calculate
several statistical indicatorsto be concise, informative, and easy
to read and interpret [12-14].

The methodology followed by DB4US works with up-to-date
data, which means that processes have to be designed to
regularly extract data from the sources and store that datain a
data warehouse. As the application works with large amounts
of data, these extraction processes have been carefully designed
to be as efficient as possible with respect to execution time, as
well asto memory and storage space.

The users of this application cannot retrieve al the detailed
information stored in the database, but only summarized views
or indicators, such that any given indicator can be immediately
retrieved from the data warehouse. For that reason, the offered
indicators have been calculated beforehand, so that they are
ready to use when the user needs them. This necessity leadsto
the design of aset of different parallel processesto precalculate
indicators, employing the consolidated data from the data
warehouse.

A graphical user interface (GUI) offers easy access to the
indicators. Its structure makes it clear how to move around the
different sections of the statistics. Those are presented in an
informative and interpretable way, using information
representation techniques such as data charts and tables. For
any given indicator, the GUI allows us to compare its value for
different months and years. It has been made flexible and
customizable, offered in several languages, and the association
between instruments, groups of instruments, and parameters,
aswell as the user-defined thresholds, is configurable.

http://www.i-jmr.org/2012/2/e16/
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To provide a more detailed methodological and architectural
vision, the description of DB4US is divided into two sections.
The first section is devoted to describing detailed information
about the specific indicators we are working with, and the other
oneto describing the architecture and some technical details of
the implementation.

Indicators Description

We have implemented an application that displays three main
kinds of information. Thefirst one correspondsto tests, requests,
and samples. The user can look up general information about
requests and their associated samples. This alows the user to
discover the ratio between these two parameters, showing how
many requests have resulted in more than one sample.
Parameter-based information can be al so |ooked up, organized
by instrument groups and specific parameters, and broken down
into requested and uploaded tests, repetitions, quality controls,
and calibrations. The second kind of information is related to
turn-around times[ 15], showing global and detailed turn-around
time curves for the samples, as well as percentiles. The third
kind of information is captured in the dashboard which
summarizeslaboratory status and givesaglobal view of activity.

Tests, Requests, and Samples

The first batch of indicators is related to activity. The number
of requests, tests, and samples are shown on a monthly basis,
and the total quantity for the last years, as well as the
accumulated quantity for the current year, is shown for
comparison. The number of requested and reported testsisalso
shown. Thisnumber will belower than the number of total tests
performed because repetitions, quality control, and calibrations
are not included. The ratio between reguested and total
performed tests is another interesting measure, since it allows
the user to assess how much extrawork has been carried out.

The number of samples can be grouped by sampleorigin, while
the number of tests can be grouped by group of instrumentsand
specific parameters. Tests can be subsequently broken down
into uploaded, repeated, quality controls, and calibrations. The
ratio between the real and requested tests can also be calculated
for each parameter.

From the number of total tests performed, it ispossibleto obtain
information about test-related costs. Test costs can be configured
by the user and can be used in combination with the number of
determinations in order to obtain the total costs, both overall
and by instruments and parameters.

Turn-Around Times

The second batch of indicators is related to the turn-around
times. One of the key indicatorsis the turn-around-time for the
50th and 90th percentiles, or for any other pair of percentiles
that the user configures. Since turn-around times do not follow
a Gaussian distribution, these percentiles are more informative
than averages and variances. The percentiles can be grouped
by origin since it isillustrative to compare how samples from
different origins behave. Turn-around-times can be broken down
into pre-analytical and analytical times.
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Dashboard

The dashboard is the core of our information system. It is
designed to show the following indicators on a single screen:

1. Requestsprogress. Representstheratio between therequests
for a given month and the requests for the previous month.

2. Testsprogress. Represents the ratio between the testsfor a
given month and the requests for the previous month.

3. Testsrequests ratio: Represents the ratio between the real
and the requested tests for each month.

4. Not uploaded tests: Representsthe number of teststhat have
been requested, but not uploaded (eg, because they have
not been validated yet).

5 Repetitions/uploaded ratio: Ratio of repetitions for each
uploaded result. It isthus a measure of extrawork.

6. Quality factor: Theratio of quality controlsand calibrations
isan indicator of how much reagent has been employed to
ensure the quality of the analytical system.

7. Quality factor for different areas ADVIA 2400 system,
ADVIA Centaur system, and IMMULITE system: Same
as above, but grouped by specific instrument groups.

8. Samples/requests ratio. Represents how many samples are
associated with each patient request on average.

9. Sampleswith turn-around time longer than 10 days: These
samples are considered to be anomalous and have to be
individually checked by the medical staff.

10. Percentiles 50 and 90 of turn-around time and average
values.

11. Percentage of requests with aturn-around time longer than
12 hours: Theserequests are | eft for the next day; therefore,
it can be considered as the ratio of requests that cannot be
completed in the same day. A high number of requests
finished after morethan 12 hours showsthat a problem has
delayed the workflow (eg, a system failure).

Theweb application contains a configuration section where the
af orementioned parameters can be modified. For example, the
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user can opt to monitor samples with turn-around times longer
than 12 instead of 10 days, percentiles 95 instead of 90, or
percentage of requests with a turn-around time longer than 8
instead of 12 hours.

For each indicator, a normal range is defined. It is also
configurable by the web application user, who has previously
defined a minimum value v,;;, and a maximum value v,,,,,. The
values are shown, month-by-month, using a three-color code:
Green, if the value lies between the defined validity range limit
for that indicator; Orange, if the value is outside the limits but
the distance to the nearest limit is less than (Vi Vimin)/2; and
Red, if the value is outside the limits and the distance to the
nearest limit is greater or equal to (Viay Vimin)/2-

System Description: Technologiesand Architecture

Theimplemented application isbased on Javatechnologiesand
uses Java EE-based web architecture, with several layers for
dataaccess, transformation, and visualization. An outline of the
application structure is shown in Figure 1.

We have chosen to implement an information system from
scratch instead of using or adapting an already existing business
analytics system such as MicroStrategy Reporting Suite for a
number of reasons. Already existing systems aretypically based
on OLAP technologies, which impose a given structure onto
the underlying database. Our application is very intensive in
terms of space, so the authors have deemed the extra effort of
implementing a database from scratch worth the effort because
a balance between space and time needed for queries can be
more fine-tuned and adapted to the specific laboratory needs.
Furthermore, our business layer provides a data representation
that makes the indicators totally independent of the fina
representation, which helps to reuse data structures between
different representation strategies, such asHTML tables, Flash
graphics, XML data, or Excel files.

Interact JMed Res 2012 | vol. 1 |iss. 2| €16 | p. 4
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

Figure 1. Application structure.
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Application Architecture

We have implemented our project as a Java EE-based web
application [16] that makes use of an external PostgreSQL
database[17]. That meansthat the application hasto beinstalled
only once on aserver and will be accessible for the final users
on their web browsers, without the necessity of installing
anything. Java technologies have been chosen because Javais
apowerful, platform-independent language with alarge number
of third party librariesthat offer awide range of functionalities.
We have implemented a user interface using the Java Server
Faces [18] web framework and InfoSoft Global FusionCharts
for graphical charting [19]. The web application relies on
Glassfish v.2, an open source application server developed by
Sun Microsystems. For the database management system, we
have chosen PostgreSQL., an advanced open-source database
system. The reasons for the technological decisions are further
described in the Discussion section.

The core of our project is the central database, in which clean
datafrom ADVIA Centralink system and Linemaster is stored,
together with several preprocessed summaries, ready to be
served to the Java application. Two main database levels have
been implemented: the first one stores raw data, which would

http://www.i-jmr.org/2012/2/e16/

RenderX

@S

I Samplesj
\ > Costs i

S

Dashboard

be used to calculate indicators; the second level istheindicators
level, in which the datais summarized.

Our application consists of two main components: a back-end,
where calculations take place, and a user-oriented front-end.
These two components are further explained in the next
subsections.

Back-End

The back-end of our application contains modulesthat directly
interact with the central database. This back-end is divided in
two main modules. Thefirst oneisresponsiblefor consolidating
the data originating from the ADVIA CentraLink system and
Linemaster databases, as well as from the manually entered
data, such as calibrations. The second one is responsible for
summarizing the data and for offering ready-to-use indicators
to the web application. While the first module is dependent on
the specific infrastructure of this|aboratory, and thus has to be
adapted for each laboratory, the second one isindependent and
can be used asisin other laboratories.

In order to adapt the first module to the specific infrastructure
of the laboratory, the application needsinformation about which
proprietary systemsit is connected to and how the database of
each of such systems has to be queried in order to obtain
information to be analyzed. This is due to the fact that the
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database structure of each proprietary system is different. This
is accomplished by implementing a table that stores certain

Table 1. Fieldsinthe datatable.

Carmona-Cejudo et al

information (see Table 1).

Field

Meaning

Query identifier

Proprietary system

SQL sentence

A unique string identifier for each specific query (eg, number of determi-
nations during the last month)

The proprietary system to be queried (eg, Advia 2400)

The SQL query that allows to extract the query defined by the query
identifier from the database of the corresponding proprietary system

Additionally, for each proprietary system we need to specify
connection parameters (IP address, port, user, and password).
These parameters are configurable by the user.

Although the database of each proprietary system is different,
it has to be able to provide at |east the following parametersin
order to be compatible with DB4US: requests; samples
associated with each request; demographics associated with
each request; tests associated with each sample; parameter,
status and result of each test; and timestamps associated with
the life-cycle of each test.

An important cross-component that affects these two modules
isthe scheduler, a piece of software that automatically triggers
temporized data importations and summaries according to a
previously defined temporal planning. We have defined a
specific scheduling for this laboratory, but the application lets
the user configure new scheduling plans. In our case, the plan
runsweekly. Every weekend, datafromthe ADVIA CentralLink
system is exported to CSV files. Once these files are available
at the ADVIA CentraLink system main server, our back-end
application parses them and loads the data into the central
database, previoudy normalizing the relationa data
Simultaneously, time-rel ated datafrom Linemaster areimported
into a different section of the central database. When these two
tasks have been successfully completed, severa timestamps,
which comprise datafrom both the ADVIA CentraLink system
and Linemaster, are computed. The CSV files are then
compressed and backed-up. At this point, we have imported all
the raw data that we need for building the indicators. For this
calculation, several threads are launched simultaneously, each
of them specializing in one specific indicator. All of thesetasks,
aswell asthedataimport, are automatically stored; if the server
goes down, the application automatically resumes the pending
tasks. See Figure 2 for an outline of the main activitiesinvol ved.

The back-end application provides another distinct modul e that
servestheindicators. Thismodulewaits until an external request

http://www.i-jmr.org/2012/2/e16/

for agiven indicator is received from another application, such
as our web front-end. The necessary chunks of data required
for calculating the indicator are retrieved from the database,
and the indicator is serialized and returned to the calling
application, which usually represents this data as a table or

graphic.
Front-End

For the front-end, we have implemented another Java EE
web-based application that acts as an interface between the
back-end and the user. The web application provides such
features as customization, security via authentication and
authorization modules, internationalization, tabular, and
graphical representations of the data, and exportation to other
formats, such as Microsoft Excel.

To grant accessto the users, alogin and password are provided,
which give them the permissions associated with a given role.
For example, to configure the application, the user hasto belong
to an administrative role; this is not needed to ssimply see the
data. Once the user has logged in, they can navigate through
the application with the help of a menu and links.

The front-end acts interactively. The user’'s actions, such as
clicks and selections, are transformed into requests to the
back-end application, which, in turn, retrieves data from the
database. The web application renders the received data into
tables and graphics. For the tables, we have used JSF
components from the Woodstock library aong with an
object-oriented representation of their rows. For the graphics,
we have implemented a component that transforms the data
returned by the back-end application into the XML format. A
Servlet (a Java class that responds to http requests with XML
code) is associated with each graphic. Along with these main
components, we have implemented a number of helper classes
for date-related data. We have used Java internationalization
components in order to provide a multilingua interface. See
Figure 3 for a screenshot of the dashboard.
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Figure 2. Dataloading and summarizing outline.

Figure 3. Dashboard screenshot.
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Dashboard
i)
Excel

Subscribe
to Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
indicator | Indicator Objective 2000 | 2000 2000 |2000 | 2000 2009 | 2000 | 2009 2000 2010 | 2010 | 2010
O Requests progress 0.0-40% 521 205 | -4.92 3.33 1438 2219 122 322 9.30 099 1432 | 657
O Tests progress 0.0-50% 686 087 16 94 1532 | 2340  -423 | 7.97 2051 104 1395  1L49
O Testsirequests 0.0-15.0 504 | 1549 | 161 16.5 532 |1648 |1598 |1671 | 1465 29 | 162 16
O Not uploaded 0.0-0.0 E 0 0 0 0 0 1 0 1 0 0 0
O Quality factor (all) 0.0-20% az2 3.75 2.89 420 453 3.63 3.50 3.32 3.47 3.57 3.50 3.80
O Quality factor (Bioch.) 0.0-20% 3.33 2.85 2.14 307 346 2.66 2.54 2.40 2.46 2.62 2.74 3.02
O Quality factor (Centaur 1, 2) 0.0-10.0% 1210 | 11.65 9.61 1323 1330 |1L78 [1256 | 1118 1.8 1023|1120
O Samples/requests 00-12 118 121 121 122 21 121 120 119 122 121 123
O Average TAT 00-3000min 23030 25496 27106 22555 4 23422 | 54L01 | 22771 | 77404 35414 33382 | 31501
O Percentile 50 (TAT) 00-1800min 1550 1760 1780 1420 89 1640 | 2100 94.0 7 170.0 225.0
O Percentile 90 (TAT) 00-360.0min 3430 2640 2890 3350 ;] 3520 | 15560 4250  1480.0 3500 4 9
O fegimage of requests with TAT ' 46_1.00% 317 3.87 3.66 2.52 8.63 2.43 1651 | 5.02 0.0 0.0 5.19 0.0
O Requests with TAT > 10days | 0.0-0.0 0 0 2 0 0 0 0 0 0 0 0 0

Results

DB4USwasfirst deployed in the Hospital Costadel Sol in 2008
and has been in continuous use ever since. The system has been
evolving over time, in order to cope with new necessities and
ideas. The main benefits of the deployment of the system are,
on the one hand, the reduction of the time needed for the
calculation of indicators, and on the other, access to a global
view of the performance of the laboratory that allows
identification of aspects that can be optimized.

http://www.i-jmr.org/2012/2/e16/
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The automation of the indicators' retrieval means that the time
delay is heavily reduced. For example, before the deployment
of our application, an Excel spreadsheet for calculating the
money spent on reagents was manually compiled, with costs
and usage data for each type of reagent. This calculation
involved several hours of repetitive and error-prone manual
work. Thanks to our application, these summaries can be
automatically calculated over the weekend, giving the user
access to a ready-to-use summary of the data, saving hours of
manual work and ensuring error-free data.

Another important advantage of this application is the ability
to provide the final user with access to a global perspective of

Interact JMed Res 2012 | vol. 1 |iss. 2| €16 | p. 7
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

the laboratory performance in terms of reagent usage and
turn-around times. This means that the user can easily detect
trendsat aglance. Thisnew possibility hasan additional benefit:
if there is something anomalous in the indicators, the user can
take action immediately, which gives them a chanceto improve
some aspects of the process. This was shown in the discovery
of the anomalous behavior of the direct bilirubin (BD) test
requests. In early 2009, an unlikely high value of the total
number of BD requests was spotted in the corresponding
indicator provided by our application. The reason for thisvalue
turned out to be an incorrectly configured trigger rule in the

Table 2. Evolution of direct bilirubin test requests.

Carmona-Cejudo et al

Centralink system, which triggered an unwanted BD request
for any new registered sample. This discovery allowed the
laboratory staff to disable this anomalous rule. Therefore, an
important fact that was somehow hidden among a vast amount
of information was revealed by the automated processing of
information carried out by our system. Following this discovery,
the number of requests for this rule diminished by an average
of 2297.1 requests (taking the previous and succeeding 6
months); ie, a 77.89% less reagent usage for this test type. See
Table 2.

Month Number of requests
August '08 2255

September ’ 08 3244

October '08 3094

November 08 2729

December ’' 08 334

January ' 09 2129

February’ 09 621

March’09 664

April ’09 594

May 09 634

June’ 09 643

July 09 692

Discussion main drawback of this solution isthat the application cannot be

Nowadays, clinical laboratoriesface numerous challenges such
ashealth carereform, cost pressures, tight laboratory regulations,
a growing complexity of diagnostic tests, increased workload,
and continuous shortening of turn-around times. At the same
time, the users have very high expectations of laboratory
services. In order to overcome the above-mentioned obstacles,
aclinical laboratory needsto incorporate creative solutions and
adapt to change. That is why the introduction of artificial
intelligence by means of expert systems has gained an important
place in the automation process [20]. To convince our
administrators, we need new comprehensivetoolsfor providing
indicators of activity and quality. In this work, we aimed to
develop ageneral methodology illustrated by theimplementation
of an application that integrates the computation of quality
measures to easily analyze the overall performance of a
laboratory, as well as automatically detect anomalies.

Principal Results

During the analysis phase of this project, it was decided to
deploy the software as aweb rather than a desktop application.
The use of Internet and web applications has several advantages:
no disk space is required by the client, cross-platform
compatibility is provided, and when installing new features,
only the server side has to be upgraded. Furthermore, the final
users do not have to install anything on their computers. The

http://www.i-jmr.org/2012/2/e16/

accessed in case of a network failure.

Asfor implementing aweb application, we had alarge number
of available technologies to choose from. Two of the most
widely used technologies for implementing complex web
applicationsare Microsoft .NET and JavaEE. There are severa
similarities between these two technologies: both run over a
virtual-machine environment and both provide a large library
of solutionsfor GUI construction, database access, persistence,
caching, or remote method invocation, among others. Java has
the advantage of providing cross-platform compatibility and of
being open-sourced software. Furthermore, there exist a large
number of external Javalibrariesfor dataanaysis, such as\Weka
[21]. These reasons have prompted us to adopt Java EE as our
main technol ogy.

There are quite a few web application frameworks that work
under Java, many of them following the model-view-controller
pattern to separate the data model and business rules from user
interface. Examples of these frameworks are Apache Struts,
Spring and Sun Java Server Faces (JSF), all of which provide
features for security, URL mapping, templating, and Ajax
support. We have decided to use Sun JSF, which provides
Facelets, a simple, efficient, and powerful view description
language. Java EE-based web applications run on an application
server. For our purposes, we use Oracle Glassfish, which is
based on Apache Tomcat.
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Asoneof the key goals of our applicationisto provide an easily
comprehensible view of data, the use of adeguate data
visualization components is of utmost importance. InfoSoft
Global FusionCharts is a library to automatically generate
dynamic Flash chartsto be embedded in web applications. It is
noteworthy that FusionCharts pioneered the use of Adobe Flash
for statistics charting [22].

In our application, the management of data is of vita
importance, since we need to efficiently access a very large
quantity of data. Thus we need to use a database management
system (DBMYS), such as Oracle MySQL, Microsoft SQL Server,
or PostgreSQL, which has been our selected DBMS.
PostgreSQL is open-source software, which is not controlled
by any single company. PostgreSQL isafairly powerful DBMS,
offering unlimited database size, several types of indexes, and
rich database capabilities.

Difficulties

During the deployment of the application, we faced severa
difficulties respecting raw data access. Specifically, we did not
have real-time access to the ADVIA Centralink database or to
the Linemaster database, since the server was in a different
subnet. The Linemaster problem was resolved by deploying a
virtual private network to gain access to the Linemaster
database. To do this, we installed and configured a VNP server
on an intermediate machine, with access to both Linemaster
and the server where our application is deployed, and a client
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in our server. We used OpenVPN for the VPN implementation
[23].

The ADVIA Centralink system problem was more difficult to
solve. Thissystem offersthe possibility of exporting its database
into CSV files, which in turn can be parsed by our application
to retrieve the data, abeit indirectly. Until recently, the only
way to trigger this data exportation was by hand, which meant
that the exportation was not schedulable. Nevertheless, an
AutoHotkey script was developed to simulate the movements
of the mouse and keystrokes of the keyboard. AutoHotkey isa
free and open-source automation software frequently used to
simulate the actions of the user with the keyboard and mouse.
A recent upgrade of the ADVIA CentraLink system client
enablesthe creation of scheduled data exports; asaconsequence,
the AutoHotkey scripts are no longer needed.

A further difficulty wasthe synchronization of the clocks of the
components (the server where our application runs, the ADVIA
Centralink system and Linemaster server), in order to calculate
meaningful turn-around times that involve timestamps from
different sources. Finally, there are datathat cannot be exported
by the instruments, and thus cannot be provided by the ADVIA
CentraLink system, such as the calibrations, which are needed
to calculate the correct number of tests. In this case, we have
implemented a subsidiary web application, with which the
technical staff can manually insert the data. Figure 4 shows how
the application is deployed.
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Figure 4. System deployment.
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Conclusions

DBA4USisan application using amethodol ogical approach that
automates the processing of information related to laboratory
quality indicators presented and implemented using a central
datawarehouse and computing ready-to-use measures. The use
of this methodology for laboratory information management
has a positive impact on the [aboratory, improving the usage of
time as well as other laboratory resources.

The introduction of this methodology has allowed access to
information that otherwise would be hidden among the vast
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