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Abstract addressed before agent-based systems can be designed, im-

) ) plemented, deployed and used routinely in hospital settings.
Multi-Agent Systems and Information and Com- A recent scientific trend suggests that it would be very use-
munication Technologies are being used in the ful to join the intelligent performance of multi-agent systems
Spanish research projealliaSysto improve the with the flexible access to information through new Informa-
management of the clinical data of the patients  tjon and Communication technologies. Following this line of
at the Palhqﬂve Care Unit of the Hospital de la thought it is possible to predict a future scenario dominated
Santa Creu i Sant Pau in Barcelona. In this paper by ambient intelligencegin which ubiquitous agents will com-
we explain the experiences acquired in the devel-  mynjicate wirelessly to provide intelligent services to users
opment of that project concerning to how intelli- (see e.g[Corteset al, 2003 for a proposal to use agents to
gent agents can continuously monitor the evolution provide home care services).
of the health status of palliative patients and raise In previous papersiRiafio et al, 2004, [Morenoet al,
alarms automatically when certain conditions de- 2004 we reported the initial steps of the Spanish research
fined by doctors are met. projectPalliaSys in which agent technology and Information

and Communication Technologies will be used to improve the

. management of the clinical data related to the palliative pa-
1 Introduction tients of theHospital de la Santa Creu i Sant Pau in Barcelona.
Nealon and Moreno[ealon and Moreno, 200Bhave ar-  In this paper we extend our previous works and we describe
gued that the main properties afents and multi-agent sys-  how some agents of thalliaSyssystem are continuously
tems ([Weiss, 1999 [Wooldridge, 200P) make them an ap- monitoring the health status of palliative patients and adapt
propriate technology to be used to solve problems in theand send immediate alerts to all the personnel involved in the
health care area. In particular agents should be autonomousare process when an alarm situation is detected.
proactive, sociable, reactive and use Al techniques. Multi- The rest of the paper is organised as follows. First, we re-
agent systems employ distributed knowledge and problenaiew briefly the aims oPalliaSysand the architecture of the
solving techniques, that are suitable for dynamically decommulti-agent system which is being implemented within this
posing complex problems. There are many recent workgroject. After that we focus on the main contribution of the
suggesting the application of agents in this domain (se@aper, which is the definition of a novel agent-based alarm
e.g. [Shankararaman, 200)dCortéset al,, 2004, [Moreno, = management mechanism within this system. The paper con-
2003, [Moreno and Garbay, 2003[Moreno and Nealon, cludes with a brief discussion and an outline of future lines of
2003 and[Cortéset al., 2004). These works explore the ap- work.
plication of agents and multi-agent systems in a wide range
of problems, such as organ and tissue transplant coordinatiof, PalliaSys project

management of hospital internal tasks, patient schedulinglrhe main objective of thBalliaSysproject is to design, build

personalised and secure access to medical information, degfj 10y a computerised system for improving the manage-
sion support systems, patient monitoring, elderly care, comg (e hae Siored in thealliative Care Unit (PCU) of

tmhunlt)é c&retar?]d p;er?(t)r?ahsevt\j/ ?:Segrnéngmlt TiltJeSt t;glis;gﬁlzs;e ’big hospital. This unit is specialised in dealing with people
anodugcéde?nic;is acr)1d aeS?jesc::ribed o detg[INBaFI)on and Ywith terminal illnesses, and its aim is to ease their pain in the
y ’ final phase of their lives. Depending on the initial medical

tl\ggm?gél Zsoooc?’althergieirseioitgll g]vaer;]ylelzma?lczritsasnée_s?r?laetnmtlg(;t diagnosis, the patient can be treated in the PCU, in another
' P ' 9 tlﬁm of the hospital (e.g. Oncology), in a specialised hos-
“This work is being supported by the research projeat  Pice associated to the hospital, or at home. This distributed
liaSys(TIC2003-07936, Spanish Science and Technology Ministry)Situation implies that many people with different roles are in-
and the research netwofigentCities. EGTIC2001-5108-E, Spanish  volved in the supervision and medical control of these pa-
Science and Technology Ministry). tients: the PCU doctors, doctors associated with other units



or to a hospice, the medical teams that make visits at the In the final version of the system other communication
patients’ homes, the informal carers (relatives, neighbours,  means (e-mails, SMSs, PDAs) will be considered.
friends) of the person, and patient themselves. Due to the
highly distributed character of palliative care, it is particu-
larly interesting to have a computer system that allows the ex-
change of information among the medical professionals that
participate in the treatment of a patient. ThRalliaSyssys- In the system, we can find four types of agents:
tem is also addressed towards the patients that are staying at
their homes, so that they have the possibility to access some ®
services without having to go to the hospital.

2. A multi-agent system, which will be used to securely
manage the clinical data, keep track of the status of the
palliative patients and analyse their evolution.

The Data Base WrapperThis agent controls the access
to the data base of the PCU, in which all the informa-
tion of the palliative patients is stored. It receives all
2.1 Basic goals of thePalliaSysproject the data that has to be stored in the data base, as well
as all the requests of information. It includes authenti-
cation mechanisms that ensure that only properly autho-
rised agents can read or modify the clinical data (in the
line of those suggested in tieCaSesystem[Moreno

et al, 2003). Some preliminary security mechanisms,
such as the definition of different kinds of users, the as-
signment of different permissions to each of them, the
use of logins and passwords, the encryption of messages
using a public key infrastructure and the use of SS¢- (

cure Socket Layer) have already been implemented.

One of the basic aims of tHealliaSyssystem is to improve

the process of gathering and collecting the information of the
palliative patients. The data will be stored in a central data
base located at the PCU of the medical centre. The system
will provide to the users that participate in the care of a pallia-
tive patient a secure and authenticated access to their patients
data .

The second goal of the project is to improve the informa-
tion at disposal of doctors and patients. Using a multi-agent
system we will be able to continuously monitor the status of
each of the patients and proactively provide personalised, de- ¢ One Doctor Agentfor each doctor of the PCU. This
tailed and up-to-date information to the PCU doctors. Thisis ~ agent runs in the desktop computer of the doctor. It

the main topic of this paper. provides a graphical interface that allows the doctor to
Finally, another important goal dPalliaSysis to make easily obtain the information of his/her patients, request
an accurate intelligent analysis of the historical data gath-  information from the data base, control the schedule of

ered in the PCU, by applying novel data mining and ma-  Visits, or check, as will be detailed below, if the sys-
chine learning techniques. For instance, itis feasible to define ~ tem has raised any alert regarding the deterioration of
patient models, using unsupervised machine learning tech-  the health of a patient.

niques such as clustering, or to analyse the medical evolution 4 opepatient Agenfor each patient. Each of these agents
and the flows of different types of patients, and create mod- s yesponsible for continuously monitoring the evolution
els of these evolutions that allow to make predictions on the  fthe patient. These agents must check whether patients
future states of patients. These models might be created us-  seng the periodic reports concerning their health status
ing techniques of inductive machine learning (some previous o not; they also send reminders to patients if they forget
works on the analysis of the flow of patients within different to send their reports on time or if they have a scheduled
units of a hospital are available [Riafo and Prado, 2001 visit with a doctor. An interesting feature is that if the
and [Riafio and Prado, 200p We also intend to develop Patient Agent detects any problem (e.g. the degree of
algorithms that can construpt automatlcally. medical _protq— pain has increased heavily in the last auto-evaluation, or
cols, from the models of patients and evolutions obtained in e patient has failed to send a report on time), it can
the previous steps (a first step in the construction of medical  ggpqg a warning to thBoctor Agent responsible for that
guidelines is done ifiRiafo, 2003). The definition and im- patient, so that appropriate measures (e.g. a phone call
plementation of all these data analysis techniques is one of 5, 3 visit to the patient's home) are taken. A detailed

the current tasks within the project. At the moment, the coor-  explanation of the alarm management system is given in
dinators of Palliative Care Units do not have any information  the next section of the paper.

of this kind, and it could be very valuable for them. ) .
e The multi-agent system also includes an agentPhe

2.2 Multi-agent system architecture Analyser specialised in Data Mining, Knowledge Dis-

In this section we describe thralliaSyssystem and its differ- _co;/ery afnd Machlr}elll_.earr:mg tlechmqfut?. Its rl’n?m ta?k

ent components. The basic architectur®alliaSysis shown Itieo gﬁ;ﬁgnaig I:n?:ol\?:rnin?gﬁa)s/tsi:f Oan deug\é?ullj rlr(l)g d(i)cal

(in asimplified form) in ﬁg.' 1 in t.he next page. knofvledge, as has been comment?ad above. Moreover,

Two main parts may be distinguished within the system: the head of the PCU has the administrative duty of writ-

1. Information and Communication Technologies, which ing an annual report detailing all the activity of the unit
will be used by patients at their homes to provide or view within the last 12 months. This work has been always
their personal medical data, send requests or receive in- done manually, and it is very time-consuming. Th&a
formation from doctors. Analyser also provides the manager with all the statisti-
In the current prototype, patients can send information ~ cal information he needs to fill this report (figures, statis-
through a web page or with a mobile phone, via WAP. tics, comparisons with previous years, etc.).
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Figure 1: Architecture of PalliaSys
3 Agent-based alarm management One of the aims oPalliaSys is to ease the process of col-

lecting the information of the auto-evaluations from the pa-

pervision of the PCU doctors have to make periodic visits toflents, so that they can send this information periodically from

the hospital, to be examined by the doctors and to have them,{eilr homﬁs (f-i-T%VGFBé we_ek)t with?uttr:ﬁvi_n%_to g0 t(l) ;[jhf? hos;
evolution controlled. In each visit patients have to fill in an pital so often. e 1daea is 1o put at their disposal ditreren

auto-evaluation form. In this document they have to rate (with Informag('\)/lnsand Corqmumcg}lon r;r echnolltjagfs, suctr;] ats wel?]
a value between 0 and 10) ten different subjective aspects r&rmMS: S, €-malis, mobiie phones, S, SO that eac

lated to their health: the degrees of pain, weakness, depre atient can choose the communication way that is more com-

sion, anxiety, vomit, sleepiness, hunger, well-being, breath-ortable or easy to use for him/her. The same communication

ing problems and dried mouth. During the visit, the doctorcnannels may aiso be used to receive information from the
checks all the values and completes them with his/her expeﬁyStem (e.g. areminder of a visit).

assessment about the same concepts. In addition, the doc-There are around 500 new patients in the PCU of the Hos-
tor also evaluates the so-calledmplexity criteria (personal  pital de la Santa Creu i Sant Pau in every year, so the quantity
characteristics of the patient, special medical problems, theef data generated by weekly auto-evaluations is quite large,
apeutic strategies, family issues). Finally, the doctor can takand it is a very time consuming task for doctors to study
some decisions concerning the care of the patient, such as @l this information and to analyse the evolution of each pa-
dering further clinical tests, modifying the patient treatment,tient in the last weeks or months. That's why doctors sug-
or changing the location of the patient (for example, hospi-gested that it could be very useful for them to have a way of
talise the patient in a hospice if his/her health has deteriorateanalysing automatically all this information and alerting them
too much). when an anomalous situation occurs.

At present, all the patients that are being cared under the s



3.1 Definition of personalised alarms high or too low, and can combine the results of these compar-
The fact of having a differenboctor Agent for each doctor 1SN operators using the standard boolean connectives (con-

of the PCU allows us to personalise the use of the system fdpnction, negation and disjunction). - Furthermore, the doc-
for also has to associate a name (a label represented with a

each of them. In particular, each doctor may define his/her~".
own “alarm situations”, taking into account his/her prefer- String Of characters) to each alarm, so that when one of them
ences and the personal characteristics of the patients. Alarrfr%o :%zﬁi}ttjhaetigr?iagt%z\g |&n;§%|2:§gerzjot|ce which is the ab-
may be defined at two different levels: After defining the extreme weakness situation shown
e General alarms above, a doctor may define another basic alarm such as the
They are defined by the PCU head, through his persondbllowing:
Doctor Agent, and they have to be applied to all the pa-
tients of the unit. These alarms correspond to situations
that demand an immediate response, according to the
policy of the PCU. In this case the doctor is defining a new alarm situation,
called Dangerous weakness, which will be activated when a
, L atient sends an auto-evaluation with high degrees of weak-
Each doctor may define personal alarm situations, an&ess and pain and a very low degree of hunger. This example
may decide to apply them to only to one particular pa-ghqys how a simple alarm may be used in the definition of
tient, to a set of patients, or to all of his/her patients. -6 complex alarms, allowing doctors to define a very pre-
With this kind of personalised alarms, each doctor de<;se fine grained and fully personalised hierarchy of alarm
fines a very fine grained monitoring of the evolution of gjt ations.” After defining a basic alarm, the doctor may de-
the health status of each of the patients that are undgfiye 1o associate it to a single patient or to a group; thus, doc-
his/her responsibility. The doctor may adjust preciselyo s may not only define their own alarm situations but also

the conditions on each patient that activate an alarm, takPersonalise the monitoring of each particular patient.
ing into account the personal health characteristics o

that patient and his/her evolution in the last weeks orEvolution alarms

(Hunger < 3) andExtreme weakness : Dangerous
weakness

e Doctor-specific alarms

months. In many cases it may be more interesting to study the evo-
lution of the health status of a patient, rather than simply
3.2 Alarm types analysing the values of a single auto-evaluation. For instance,

Regardless of whether an alarm is general or doctor-specifidf, & patient reports a degree of pain 6, that may not seem very
there are two different types of alarms, depending on whetheglarming; however, it can be quite abnormal if the week be-
they are intended to analyse the data of a single autdore the reported degree of pain was only 2.

evaluation pasic alarms) or the evolution of the health sta-  An evolution alarmchecks the degree of change of any
tus of a patient in a sequence of auto-evaluati@wsiGtion  Of the ten aspects described in an auto-evaluation, taking into

alarms). account the last auto-evaluationsspecific evolution alarms)
) or the auto-evaluations that have been sent in thedldstys
Basic alarms (temporal evolution alarms).

In this kind of alarms, the only information that is evaluated An example of apecific evolution alarm is the following:
is the one provided by the patient in the last evaluation sent

to the system. Recall that the data in an auto-evaluation is Number of evaluations: 2.
simply a list of 10 integer numbers in the range [0-10], which A Weakness > 2. Fast weakness increase
provides a subjective measurement of the fOHOng ten dif- This alarm, calledfast weakness increase, would be acti-
ferent aspects related to the health state of the patient: vated whenever a patient reports a degree of weakness which
. : is at least 3 units bigger than the one reported in the last auto-
* pan * sleepiness evaluation (e.g. the example described above with a sudden
e weakness e hunger jump from 2 to 6).
e depression e well-being In the case ofemporal evolution alarms, the system checks
o anxiety « breathing problems the evolution of a patient in a certain period of time. An ex-

ample of such an alarm is the following:

Period: 28 days.
A Pain > 4 : Extreme pain increase

e vomit e dried mouth

A doctor may define a basic alarm such as the following:
(Weakness > 7) and Pain > 8) - Extreme weakness The Extreme pain increase alarm would be raised when, af-

A doctor may consider abnormal a situation in which theter receiving an auto-evaluation of a patient and analysing all
degree of weakness is bigger than 7 and the degree of paintise evaluations submitted in the previous 4 weeks, it may be
bigger than 8, and may define a basic alarm, nafiiadreme  noticed that the degree of pain has been continuously increas-
weakness”, t0 detect these conditions as soon as they arisang in more than 4 units (e.g. that would be the case if we had
In the definition of a basic alarm doctors may usend < the values of pain degree 2,3,5,7 in the reports received in the
to check if the value of any of the 10 evaluated aspects is totast 4 weeks).



As in the case of basic alarms, doctors can also combine It may be noticed that all the alarm management process is
the analysis of different aspects within an evolution alarmmade in an autonomous way, without doctors having to worry
and can also use a simple alarm in the definition of a mor@bout checking continuously if patients have sent their re-
complex alarm. The doctor that defines the alarm can alsports. PAs send the detected alarms to DAs proactively, with-
choose to apply it to a single patient or to all of his/her pa-out waiting for explicit requests from doctors. In any case,
tients. doctors can always check all the data of all auto-evaluations

As explained above, if a basic or evolution alarm is definedsent by their patients, requesting it from th& wrapper, re-
by the head of the Palliative Care Unit as general, it will begardless of the definition and activation of alarms.
applied to all the patients of the PCU.

4 Discussion and future work

3.3 Alarm definition and activation ThePalliaSysproject will finish in November 2005, when we
The management of alarms withiPulliaSys follows these  will deliver an agent-based system that will be deployed for
steps: testing at the Palliative Care Unit of the Hospital de la Santa
e Definition Creu i Sant Pau of Barcelona, Spain'. At that p_oint it will
) o be possible to evaluate the use of this personalisable alarm
EachDoctor Agent (DA) provides a graphical interface system.
through which his/her associated PCU doctor can define” Nowadays, the available Information and Communication
any of the doctor-specific alarms described previouslyechnologies introduce new modes of assessing the health
General alarms can only be defined by the PCU headsia1ys of chronic patients to improve the quality of their care
through his personal DA. The interface provides doc-(celleret al, 2003). Many papers argue that monitoring the
tors with a set of useful functionalities; they can 100k up fynctional status of patients can help to predict health risks
the alarms they have already defined, use existing simynq take the appropriate action at an earlier stage, avoiding
ple alarms to define more complex alarms, assign alarmgospital admission or reducing the length of hospital stay.
to a specific patient or to all his/her patients, deassign |n this sense, the terrfielecare ([Celleret al, 2003) has
alarms, and look up which alarms have been raised angppeared, in contrast to Telemedicine. Telecare incorporates
require some attention. a broader range of healthcare activities related to taking care

e Storage o_f p_atients remotely. The Home Telecare System (commer-
Once an alarm has been defined and assigned, the D(Rahsed by MedCare Syst’ems Pty Lt[ot)ellgr et al, 2003
sends a message with the definition of the alarm to th&ClIECts data from patient's general practitioners on the ba-

correspondingPatient Agent(s) (PAs, which may be one Sis of the severity of symptoms. The collec.ted data can be

or several, depending on whether the alarm has been agl_ewed by the doctor from any web browser,. MOreover, one
signed individually or to all the patients of the doctor). ©f the mostimportant features of the system is the possibility

The PA stores internally the alarm for future use. Gen-Of @nalysing the temporal evolution of the data. For a par-

eral alarms are stored in all PAs, as they have to be apt_|cular patient, the system represents graphically the values

plied on all patients. of each symptom, in order to help the do_ctor to gvaluate the
status of this patient and take the appropriate action.

e Check The introduction of multi-agent systems in telecare has
When a patient sends an auto-evaluation, it is storegiroved to be highly effective. Projects and computer sys-
in the centralised database, and the PA associated tems such as INCABeeret al, 2003 and ILSA[Haigh et
that person receives a signal. Then, this agent requesa., 2004 conclude about the advantages of using multi-agent
the data of the evaluation from tHeB wrapper, and it systems for supporting heathcare activities between patients
checks all the general and doctor-specific alarms that iand doctors, with particular relevance in areas such as the as-
stores. If there are temporal evolution alarms, it alsosistance to elder, chronic or palliative patients. Some of these
has to request the data of the previous auto-evaluationgenefits are:
needed to check the evolution of the patient (PAs do not o The patient-doctor relationship is extended.
keep the evaluations, they are only stored in the PCU

database). e There is a proactive healthcare that emphasises preven-

tion.
* Raise o _ e Information is closer to the patients.
If a PA detects that an alarm situation has occurred, it . o
sends a message to the DA that defined that alarm with ® Patients are free to be monitorised at home or elsewhere.
an explanation of the data that has caused the activation e Technology can suggest patients to visit the doctor, in
of the alarm. The DA presents to the doctor a list with case of doubt.
al[ aptlvated .alarms, anq then the doctor may stugiy all o A more complete treatment is achieved.
this information and decide the best course of action to
follow (e.g. to phone the patient, to send a home care ® Some healthcare processes are speeded up or made more
team to examine the patient, or to send a message to the automatic.
patient requesting him/her to be visited in the PCU of e Treatments become more continuous in time, and the pa-
the hospital as soon as possible). tient feels he/she is being better assisted.



Combining multi-agent systems with the Internet is ad-[Celleret al, 2003 B.G. Celler, N.H. Lovell, and J. Basi-
dressed by many previous worltdazziet al., 2001; Celleet lakis. Using information technology to improve the man-
al., 2003; Coréset al,, 2003 as a way of making the patient agement of chronic diseaddledical Journal of Australia
participant in the healthcare activities, and also as a way of 179:242-246, 2003.

achieving a more flexible healthcare. One of the examples O[fCortéset al, 2003 U. Corés, J. Fox, and A.Moreno, edi-

”HS erinbgi(t)%ias inthe area oflhealthcare alarrlnl handlifRi- tors. Workshop on Agent Applications in Health Care at
aLeeta . tpfresents ate e’r’nomto”rlr:]g multi-agentsystem  yne 15th European Conference on Avtificial Intelligence,
that uses a set of sensors in a "smart” house to recognise SOMe £ A1 2002 Lyon. France, 2002,

predefined problematic scenarios, in which case it triggersan_ i o

alarm in the corresponding emergency centre. This systedfcortesetal, 2003 U. Corts, R. Annicchiarico, C. Ur-
has been tested at the Hospital Centre of Grenoble, which has diales, M. lopez, L. Caamero, J. ¥zquez-Salceda,
been actively participating in Health "Smart” Homes research M. Sanchez-Mar, and C. Caltagirone. Assistive tech-
in the last years. The PalmCIS application is intended to pro- nologies for the disabled and for the new generation of se-
vide timely palm-based notification of real-time alerts. An  hior Citizens: the e-tools architectur®l Communications
intelligent agent checks the incoming patients’ clinical data 16:193-207, 2003.

in order to detect potential problems and transmit a messag&origset al, 2004 U. Cories, J. Fox, A.Moreno, and

to the physician and nurses responsible of that paken- J.Nealon, editors2nd Workshop on Agent Applications in

doncaet al, 2004. Health Care at the 16th European Conference on Artificial
Our future work in thePalliaSys project includes the fol- Intelligence, ECAI-2004valencia, Spain, 2004.

lowing tasks:

[Haighet al, 2003 K. Haigh, C. Geib, C. Miller, J. Phelps,

e The definition of machine learning and data mining tech- and T. Wagner. Agents for recognizing and responding to
niques that may be applied by tieta Analyser to un- the behaviour of an elder. IBAAI 2002 workshop on Au-
cover interesting information about the evolution of pal-  tomation as Caregiverpages 31-38, Edmonton, Canada,
liative patients or the general management of the PCU.  2002.

e The improvement of the security measures, so that onlyMazzietal, 2001 C. Mazzi, P. Ganguly, and M. Kidd.
authorised agents may access the information of the Healthcare applications based on software agents. In

PCU. MEDINFO, pages 136-140, 2001.

EMendoncaet al, 2004 E. Mendonca, E. Chen, P. Stetson,
L. McKnight, J. Lei, and J. Cimino. Approach to mobile

ment environment, that provides a set of Java libraries information and commL_mlcat.mn for health caret. Jour-
that ease the implementation of FIPA-compliant MAS, nal of Medical Informatics73:631-638, 2004.
[Bellifemineet al, 2001. [Moreno and Garbay, 2003A. Moreno and C. Garbayspe-
cial issue of Artificial Intelligence in Medicine on Software
Agents in Health Carevolume 27. Elsevier, 2003.

e Complete the implementation of the alarm managemen
part of the multi-agent system using theDE develop-

e The deployment of the multi-agent system in the PCU
of the Hospital de la Santa Creu i Sant Pau, and its trial
with the real palliative patients and doctors. [Moreno and Nealon, 2003A. Moreno and J. NealonAp-

plications of software agent technology in the health

care domain Whitestein series on Agent Technology.
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