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 Abstract
A clinical information system called OACIS is used in the Renal units of major hospitals of South
Australia, integrating both patient dialysis and pathology data for clinical assessment. Fresenius
haemodialysis machines have been installed in the majority of these Renal units and can be net-
worked by the Finesse Basic system with collection of all patient treatment data into a local
database (FinDB). In an effort to help care givers by minimizing data entry and reducing transcrip-
tion errors, a bi-directional interface (FOXHL7) has been developed linking OACIS with FinDB.
FOXHL7 provides automatic transfer of patient treatment data from FinDB to OACIS while allow-
ing dialysis treatment orders to be exported from OACIS to Finesse prescriptions in FinDB. Data
automatically uploaded to OACIS includes the patient's pre and post treatment weights, blood pres-
sure measurements and other dialysis treatment information. Care providers can create new
dialysis orders on any OACIS computer workstation with this information being downloaded into
FinDB prescriptions at the appropriate dialysis centre.
FOXHL7 is written in Microsoft Visual Basic and uses TCP Client/Server Active X technology to
exchange HL7 Protocol messages with the OACIS Gateway engine. Transfer of the data occurs in
real time as the dialysis treatment data becomes available in the Finesse database. The gateway
processes the messages and new treatments are stored in OACIS. Changes to dialysis orders in
OACIS are intercepted and broadcast to FOXHL7 for downloading to corresponding prescriptions
in FinDB in real time. FOXHL7 resides on a Finesse Server running continuously seven days a
week.
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1. Introduction
Health care is an information inten-

sive and knowledge-based sector that
is undergoing fundamental shifts in
the way care is delivered and man-
aged. The need to share clinical
knowledge across the health system
and provide an integrated, seamless
service to patients is crucial.

The experience in renal care in
Australia and New Zealand shows

that most dialysis units still document
their treatment data either in paper
based systems or isolated renal elec-
tronic systems (1). With approxi-
mately 20,000 patients in  Australia
needing either dialysis or transplanta-
tion (2) and the cost per patient
approaching $70,000 per year (in-
centre haemodialysis) renal medicine
practice is a very expensive process
and the need to make efficiencies in
this speciality is paramount. One area

that requires attention is the practice
of managing patient renal information
in a cost effective manner. 

 The installation of a clinical infor-
mation system (OACIS) (3, 4) in the
major hospitals of South Australia
provides health care workers with a
standardized clinical viewing plat-
form. Once trained in the use of this
application, care providers can move
from one hospital to another and use
the same clinical viewer with maxi-
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mum efficiency without further train-
ing. This system connects with the
majority of departmental systems
including patient administration, out-
patient services, pathology, radiology,
emergency and operating systems as
well as a renal module and provides a
dynamic view of patient data
arranged in a roster list tailored for
each care provider.  Patient informa-
tion is shared across all the hospitals
and allows care providers fast access
to patient data at the point of care.

  A local dialysis network (Finesse
Basic) (5) also has been installed in
each dialysis unit (see Table 1) with
the online capture of all patients’ data
from their haemodialysis treatment,
but this information is stored locally
at each dialysis unit.

Care providers in the dialysis units
were required to keep both systems
up to date as Finesse Basic lacked an
interface to OACIS and the time spent
on entering information on both sys-
tems was seen as counter-productive
to patient care.

 This manuscript details the devel-
opment of a bi-directional interface
(FOXHL7) to connect both OACIS
and Finesse so treatment information
in the dialysis network can be
uploaded automatically to the corpo-
rate hospital system while regimen
orders created in OACIS are down-
loaded to Finesse, synchronizing both
databases with the latest relevant
haemodialysis data.  The regimen
orders for dialysis can be entered
from any OACIS clinical workstation

in the hospital network and these dial-
ysis orders (prescriptions in Finesse)
will be automatically transferred to
the Finesse server where the patient’s
data resides.   

Treatments uploaded to the OACIS
via the FOXHL7 interface utilize the
information provided by the current
Finesse prescription order; the
synchronization of data from both
OACIS and Finesse means that
accuracy of treatment information is
ensured without the requirement of
care providers entering data in each
system.

2. Methods

            Table 1: OACIS and Finesse distribution in the hospital network of South Australia.

e 1: OACIS and Finesse 
distribution in the hospital 
network of South Australia.

2.1. OACIS

OACIS (Open Architecture Clini-
cal Information System, Emergis

Canada) (4) is a clinical information
system with patient lists in user and
system rosters comprising of current
displays of renal therapies, pathology,
radiology, patient encounters, phar-
macy and orders management.

The OACIS Server is connected to
the major hospitals in South Australia

and interfaces with the existing Hos-
pital systems such as the Patient Mas-
ter Index (PMI), Admissions
Discharges and Transfers (ADT), and
Pathology systems (LABS) to pro-
vide a shared global database ware-
house of patient medical information
(see Table 1 and Figure 1). 

http://www.ejhi.net/
http://www.ejhi.net/


Allen et al.| electronic Journal of Health Informatics 4(1): e8 

3

                            Figure 1: Locations of dialysis centres with FOXHL7 Interface links to OACIS
                             in the hospital network.

The OACIS Clinical Viewer Appli-
cation is operated within each Renal
Unit and allows for capture of renal
observations such as haemodialysis
treatments. This information is stored
in the OACIS Clinical Data Reposi-

tory (CDR) and is available to staff on
an OACIS PC Desktop in any of the
major public hospitals. Furthermore
the associated regional satellite dialy-
sis units and private dialysis centres
(see Table 1 and Figure 1) are con-

nected to OACIS and can capture and
review patient data in similar manner.
Thus the value of OACIS in this set-
ting is the ability of a clinician any-
where in the network to review
patient information captured at any



Allen et al.| electronic Journal of Health Informatics 4(1): e8 

4

one site in the hospital network. Fur-
ther rollout of OACIS will expand the
clinical network to a more complete
state-wide clinical system for South
Australia linking many of the regional
hospitals which currently lack such

support. OACIS is planned to link
clinics, hospitals and specialist health
units and also provide the foundation
for sharing medical records with gen-
eral practitioners in South Australia
and interstate healthcare providers.

Currently OACIS has client-server
architecture but further releases will
be using a Web-based deployment of
the Java version of OACIS (6).

                                     Figure 2: Finesse setup in a typical dialysis centre in South Australia. 

2.2. Finesse System

Fresenius dialysis machines are
used almost exclusively in the major-
ity of dialysis units in South Aus-
tralia. Finesse Basic Systems
provides the computer system for
these dialysis machines (Fresenius
Integrated Network systems,
iSYMED Germany) (5). This installa-
tion creates a local dialysis informa-
tion network and features online
haemodialysis treatment and dialysis
regimen order information for renal
patients (prescription in Finesse).

Finesse automatically captures dial-
ysis treatment and machine parameter
information from each Fresenius dial-
ysis machine during a patient’s treat-
ment with capture of the patient
weight prior to and after the treatment
using electronic scales.  EEPROM
key readers or Smartcards are used to
verify the patient's identity for each
treatment depending on the Fresenius
dialysis machine being used. A
patient key is inserted into the key
reader and a number identifying the
patient is stored on the key using
EEPROM memory. This patient data
are transferred via RS232 communi-
cation to a Bedside Data Concentrator

(BDC) which communicates over the
network using Ethernet II network
protocol (later generation BDC  com-
municates with TCP/IP instead) to a
Finesse Server via an installed file
management service (see Figure 2).
Clinicians can monitor the dialysis
information being acquired in Finesse
and import the finished treatments
into a Finesse database (FinDB). The
OACIS Clinical viewer runs on the
same PC workstation, thus both dialy-
sis and pathology information are
available to a care provider at this
desktop PC. The FOXHL7 Interface
is the integration engine which makes
the dialysis information available to
all metropolitan and country hospitals
which use the OACIS Clinical Viewer
(See Table 1 and Figure 1).

2.3. FOXHL7 Interface

2.3.1. Pre-Integration 

The use of OACIS required manual
entry of patient dialysis treatment
observations which necessitated at
least one hour a day of a clinician’s
time to complete this task for all
patient treatments in a typical dialysis

unit. Finesse provides automatic dial-
ysis machine capture of relevant renal
data but was not designed to link to
OACIS. If an interface could be
developed to transfer the collected
haemodialysis data from Finesse to
OACIS while downloading the saved
OACIS dialysis regimens to Finesse
prescriptions, then staff could be
relieved of the onerous duty of man-
ual data entry at the end of each day,
freeing up their time and allowing
better care management of their
patients.

2.3.2. Post-Integration

FOXHL7 - Finesse-OACIS Bi-
directional HL7 standard message
protocol interface was developed to
provide the link between both sys-
tems. The interface consists of two
application modules running in their
own 32 bit application space control-
led by the windows operating system.
Should one application fail then the
other continues unaffected. The inter-
face is written in Microsoft Visual
Basic 6 and each module opens an
Access database with attached links
to the local FinDB database where the
treatment and prescription data are
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archived. The Interface uses the
Active X Winsock control to commu-
nicate with the OACIS Gateway
Engine using TCP/IP protocol and the
HL7 Australian Health Standard mes-
saging format (7) is used in communi-
cation with the Gateway. The
interface operates continuously each
day except for intermittent house-
keeping operations such as perform-
ing a database compact operation to
clean the database and reduce its size.
The FOXHL7 interface applications

are installed on the Finesse Server
computer and connect both to FinDB
via attached links and also to the
OACIS Database via the Gateway
engine over the health network. 

Figure 3 illustrates the data trans-
ferred by the FOXHL7 interface sys-
tem. Dialysis treatment data uploaded
to OACIS include dialysis start and
end times, pre and post weight and
blood pressure measurements, dialy-
sis machine information, averaged
running sheet treatment data as well

as the dialysate constituent concentra-
tion values.

Dialysis regimen information
downloaded to Finesse include the
scheduled type and time of dialysis,
ideal weight, blood flow rate and dia-
lysate flow rate, ultrafiltration rate
and sodium profile information, vas-
cular access information, anti-coagu-
lation settings and the dialysate
constituent concentration data.

                 Figure 3: Description of  treatment and regimen order data transferred between Finesse and OACIS. 

3. Results
The process used by the FOXHL7 treatment interface is described as follows.After successful login using a dialog form

to allow username and pass-word verification, the parent controlling form is opened (see Figure 4). The task of this form
is to manage the operation of the messaging form, automatically opening and closing the form when required. 

Figure 4: FOXHL7 Auto Treatment
Parent Form which manages the child
messaging treatment form.

Once the FOXHL7 treatment inter-
face form is opened (see Figure 5), it
queries FinDB for newly saved treat-
ment records. If records are found
then each patient treatment is dis-
played as a row in a Waiting Treat-
ment data control and then sent as a
HL7 communication to OACIS. Suc-
cessful completion of the transfer
results in a completed record of trans-
fer being displayed in the Sent Treat-
ment data control (see Figure 5). The
sent message results in the creation of
a new haemodialysis treatment record
for that patient in OACIS. 

This data can be reviewed by a
renal clinician and edited if necessary
from within the OACIS clinical
viewer. Each night the interface is
closed to allow Finesse systems to
archive the current day’s treatment
data and then to re-compact the treat-
ment database prior to being re-
opened at 2am in the morning.

Care providers are required to
archive the Finesse treatments into
FinDB before they can be identified
by a FOXHL7 query (see Figure 5) as
new treatment records and the data
sent to OACIS.
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            Figure 5: Treatment messaging form with waiting treatments and treatments sent successfully to OACIS. 

The Summary maintenance haemo-
dialysis form (see Figure 6) demon-
strates that the information has been

transferred to OACIS from FinDB
(Last Changed by: Finesse 7.04 text
box entry) and contains the start and

end times of dialysis treatment plus
captured pre and post weight and
blood pressure data.

                Figure 6: OACIS Haemodialysis Summary form with data from FOXHL7.

 Data are populated into the
Machine Info and Dialysate concen-
tration forms as well as the Running
Sheet form which can be selected by

clicking on the appropriate command
button. Figure 7 demonstrates the
Running sheet form with data from
Finesse systems automatically popu-

lating the relevant fields and provides
a patient’s medical and dialysis
machine information during the treat-
ment period.
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                Figure 7: OACIS Haemodialysis Treatment running sheet with data from FOXHL7.

A similar process is used to perform
the Prescription transfer. Figure 8
illustrates the opened FOXHL7 pre-
scription interface. The OACIS regi-
men HL7 message is shown in the
text box at the top and is received
from the OACIS Gateway engine as a
forwarded message following the cre-
ation of a Haemodialysis regimen
order from an OACIS Workstation
anywhere in the Hospital network.
The message is disassembled into the
component field values and registered

as a waiting prescription record in the
top data control.

On a timer event the prescription is
processed and written to the
Prescription table in FinDB only if
the patient medical record number
and hospital base site code matches
that in the FinDB patient
administration table which lists the
current set of patients for this dialysis
centre. Any new dialysis component
such as an extra dialyzer type will be

automatically created in the
appropriate Finesse table with its
individual code and corresponding
description name prior to final
completion of the prescription record.
Once the record is successfully
downloaded an entry is written in a
Prescription sent table as seen in the
second data control. 

                  Figure 8: FOXHL7 Prescription messaging form with data received from OACIS gateway.
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Figure 9 illustrates a portion of the
Prescription created by the FOXHL7
interface within the Finesse system.
In this view you can see data entered
includes the dialysis type and dialysis
time, dialyser type, access needle
size, dialysate constituent

concentrations, profiling information
and target weight.  Extra Finesse data
not found in the OACIS regimen are
uploaded automatically from the
previous Finesse prescription (not
highlighted in gray). This allows care
givers to continue to use Finesse

prescriptions in full functionality
even though the corresponding
OACIS dialysis regimen does not
contain the expanded field set that is
within FinDB.

                Figure 9: Presentation of a Finesse Prescription report illustrating key data imported by the FOXHL7 
                interface (gray highlight).

Following the successful pilot of
the FOXHL7 interface at the Flinders
Medical Centre, the interface was
installed progressively in ten in-cen-

tre dialysis units and regional dialysis
centres in South Australia (see Figure
1).  Figure 10 illustrates the average
daily HL7 message volume delivered

to the OACIS Gateway from each
FOXHL7 interface as treatments are
processed from each dialysis centre.



Allen et al.| electronic Journal of Health Informatics 4(1): e8 

9

                                  Figure 10: Daily HL7 messages delivered to the OACIS Gateway from each
                                 dialysis centre by the FOXHL7 interface.

4. Discussion
Corporate clinical systems are

already part of the practice of medi-
cine but there are disparate systems
that could be but are not linked to this
enterprise system. Renal dialysis
database systems, blood transfusion
donor database, peritoneal dialysis
adequacy calculator and Australian
and New Zealand dialysis and trans-
plant registry service are examples of
renal-related systems that remain out-
side of OACIS and require staff input.
This puts pressure on care providers
to attend to various systems to keep
information up to date. This is most
frustrating where data are duplicated
in disparate systems and clinicians
simply do not have the time or incli-
nation to maintain these systems
effectively. 

It was considered prudent and nec-
essary to provide an automatic
exchange of information between
both OACIS and Finesse so both sys-
tems reflected the current status of the
patient’s haemodialysis record,
despite the fact that the database field
content differed somewhat in both
systems. The Finesse system was a
dedicated proprietary database for

dialysis treatment whereas the renal
module of OACIS was more a generic
global dialysis field set suitable to
connect to many different haemodial-
ysis machines and software products.

 
The development of the FOXHL7

interface significantly reduced man-
ual entry of data in both OACIS and
Finesse systems with substantial cost
and clinical efficiencies.  Care provid-
ers could spend their time with the
patient at the dialysis machine rather
than being held captive to the desktop
computer at the console area of the
dialysis room. Indeed one study has
shown that some staff have either lit-
tle experience with computers gener-
ally or either resent the intrusion of
computer technology to their main
task of patient care (8). With the data
being automatically synchronized
between both systems, perceptions of
the computerised system were
enhanced and confidence in the valid-
ity of patient data was high. It is rec-
ognised that high efficiency of
hospital care can be achieved by the
use of integration strategies, of which
information systems integration is
one (9). Furthermore, clinicians sup-
port the technology if it will save
them time and make their work easier,

especially when they already are in an
environment which interrupts their
patient workflow either from col-
leagues or synchronous technologies
such as phone, pager and email serv-
ices (10, 11).

Clinicians can review current dialy-
sis data within the hospital unit or at
the desk in their own office even
though the patient is being dialysed in
a regional dialysis centre. They can
change a dialysis regimen remotely
and the prescription in finesse will
reflect this change, wherever the
patient is being dialysed, once the
FOXHL7 interface receives the mes-
sage from OACIS. Data are trans-
ferred in real time rather than at the
end of a dialysis shift when clinicians
are free to enter data into a computer-
ised system. Errors of transcription by
staff who may be tired at the end of a
shift are removed by the automatic
transfer of data.  Care providers can
feel more satisfied in that their focus
is on patient care and that the human
interaction is not hindered but rather
enhanced by the impact of technology
on the dialysis treatment experience. 

Patients usually move from one
dialysis centre to another, initially at
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the hospital in-centre dialysis unit as
they are being educated in dialysis
techniques as a new patient, then
often being transferred to a regional
dialysis centre much nearer to home
as they become accustomed to the rig-
ours of their treatment. However they
may need to be re-admitted to a major
hospital because of a vascular access
problem or an acute event requiring
specialized care beyond the dialysis
room setting. In this continuum of
care, the patient’s renal treatment
record is kept up to date as the rele-
vant interface sends the information
to the central OACIS Gateway while
the regimen information is forwarded
to each FOXHL7 interface including
the appropriate site where that patient
is being dialysed currently.

Thus from a programmer’s point of
view, FOXHL7 was designed to pro-
vide automatic flow of data where
possible. It was recognised that
OACIS is the major clinical informa-
tion system in South Australian pub-
lic hospitals and as such should be the
application of choice to change dialy-
sis orders.  Therefore regimen
changes are downloaded to Finesse
but changes in the prescription in
Finesse will not be transferred to
OACIS.  As OACIS is positioned as a
hospital-wide system with one com-
ponent being the renal module, it fol-
lowed that not all treatment data in
Finesse could be written to OACIS
due to some restrictions in the field
list in the OACIS haemodialysis
tables. Similarly, the regimen order
form in OACIS does not contain all
the fields maintained in the Finesse
prescription table. 

Technological change is occurring
at an ever increasing rate. More
recent dialysis technologies such as
blood temperature monitoring
(arterial, venous and core
temperature) (12, 13) and relative
blood volume monitoring (% blood
volume, haemoglobin, haematocrit
levels) (14) could be entered into the
running sheet (see Figure 7) and be
available for analysis using the
charting control in OACIS. It is

hoped that the Java version of OACIS
will allow presentations of dialysis
treatment course, blood temperature
monitoring and blood volume
monitoring within the running sheet
in the near future.

5.Conclusion
The outcome is that clinicians can

supervise the patient’s treatment from
an OACIS desktop within a major
hospital even though the patient is
being dialysed at a regional dialysis
centre close to the patient’s home.
Care providers do not have to waste
their time updating both systems in
order to maintain valid data for each
patient and thus provide quality care
for patients receiving haemodialysis
treatment. The increase in patient
numbers in South Australia (median
age of the population approaching 40)
(15) puts ever increasing demands on
the health care system and greater
efficiency in providing clinical infor-
mation at the touch of a button is
needed to cope with this trend. 

In conclusion, the requirement of
systems to be automatically linked
allowing continuum of care across the
region is important for the effective-
ness of treatment delivered by the
care giver with corresponding health
care benefits to their patients.
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