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Abstract: In critical domains, the acceptance of a given
intelligent monitoring system owes much to the
validation process. Formal methods for validating those
systems are frequently required. However there is not a
generally accepted methodology to perform the task. In
this paper the authors present the methodology and
results obtained from the validation process of
PATRICIA, an intelligent monitoring system designed
to advise clinicians in handling ICU patients long-term
dependent on mechanical ventilation. The method is
based on a previous retrospective analysis over different
sets of patient data. Once the retrospective analysis is
performed, quantitative techniques of validation are
applied to investigate the performance of the system.

In order to perform the monitoring task, PATRICIA
evaluates several parameters that have been organized into
three major categories: (a) Demographic parameters (i.e.,
natural contexts - e.g., name, age, sex, weight, ... -, clinical

history, ...), (b) Ventilatory parameters (i.e., ventilator
settings (e.9., FiOz,IMV/AC freq., PIP, PEEP/CPAP, ...),
and (c) Pathophysiological d^t^ (i.e., gasometrics,
hemodynam ics, respiration,...)

Symbolic classification of the monitored parameters is

performed

by

considering

the numeric value of

the

parameter and the specific patient context. Contexts are

classified as "natural" (i.e., specifically related with the
kind of patient - e.9., bronchopulmonar dysplasia, ... ) or
as "inferential" (i.e., specifrcally related with the disease
process - e.9., stress, pain, medication, ... -) Both kind of

INTRODUCTION

contexts have different time constraints [3].

A critical domain can be defined as a domain in which
the relevance of a given decision affects in a very

supplies interpretations and suggestions over the following
categories: oxygenation, acid-base balance, arterial
pressure, heart rate, endogenous respiration, ventilatory
therapy and oxygenotherapy. A more detailed description

According

important manner the system outputs and the environment.

In medicine a good example of a critical domain is the
intensive care unit, in which we can distinguish four
elements that defrne the working environment: (a) the
patient, (b) the clinical personnel, (c) the therapeutic

to the information

available, PATRICIA

of the system has been presented in [2]
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equipment, and (d) the monitoring equipment.

In the ICUs, information is obtained from patient
symptoms, clinical observations, clinical history, bedside
data and laboratory results, and each of the corresponding
data are affected by different time constraints. After the
performed, data integration and
datl acquisition
intelligent analysis should be performed in order to
prescribe appropriate therapies [ 1].

is

PATRICIA 12) is an intelligent monitoring system
designed to advise clinicians in handling patients longterm dependent on mechanical ventilation. PATRICIA is
able to: (a) interact with different data sources in a nonsequential manner, (b) to adapt itself to the different
contexts encountered in the ICU, (c) to recognize spurious
data and/or inconsistent information, and (d) to establish
priorities between the different monitoring tasks so as to
adapt the monitoring sFategy to the restrictions. of the
working environment and of the particular patient under

Two previous validation studies have been performed
over PATRICIA. The first validation has been carried out,
Georgia
the Medical College
retrospectively,
(Augusta, GA, USA), using 119 real cases. Table 1 shows
man-man and man-machine
the results
performances. In this table the term Expert refers to the

of

at

of the

clinical expert who collaborated in the design of
PATRICIA, ES refers to PATRICIA, and Attending
refers to the clinician who managed the case.
Another validation study has been carried out with 147
real cases at the Hospital Juan Canalejo (A Corufia,
Spain). Table 2 shows the corresponding percentages of
agreement for each diagnostic category.

Table 1. ManMan and ManMachine

performances.

(Percentages of agreement)

Attending
Attending

supervision.

/ Expert
/ E.S.

79
78
92

Expert / E.S.

Vo

Vo
Vo

TI{E PROBLEM DOMAIN AND TI{E SYSTEM

In the ICUs the intelligent monitoring

task can

Table 2. Performance analysis
be

considered as a cyclic process that involves: (a) acquisition

of data and other relevant information (i.e., symbolic
and/or numeric), (b) global interpretation of the
information in the light of the patient context, (c)
establishment of diagnoses, (d) prescription of therapeutic
guidelines, and (e) patient re-evaluation.

of the system's field

prototipe (Agreement between PATRICIA and the medical
team)

interpretation
interpretation
interpretation

Oxygenation
Acid-Base Balance
Hemodynamic
Ventilatory Management

92Vo

74
87

7o
Vo

suggestions 7I Vo
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Table 3. Williams measures obtained from Figure

In order to perform the formal validation of PATRICIA
we selected a sample of 210 real clinical cases that covered
significantly all the diagnostic and therapeutic categories.
These samples represented more than 1470 clinical data

ABCD
r.03 0.95 0.95

l.

EFG
r.M 1.04

0.98

1.01

Figure 2. Dendrogram of the cluster analysis obtained from
the data of Figure 1.

that were analyzeÄ independently by 6 clinicians and by
PATRICIA. Two of the clinicians involved in the study
were outstanding professionals in critical care. The other
two clinicians were boarded ICU specialists with more
than 10 years of experience. Finally the last two clinicians

F
E

A
G

were last year residents.

B

Once the data were available, a quantitative validation

procedure has been performed. The basic approach
followed was [4]: (a) evaluation of the levels of agreement
between pairs of experts (including PATRICIA), and (b)
evaluation of the levels of agreement between groups of
experts. To accomplish the first task we used the
percentages of agreement, the percentages of agreement
within-one, Kappa analysis and weighted Kappa analysis.
To accomplish the second task we used Williams
measurements so as to investigate if the group of experts

was influenced by a particular expert. Finally, we
performed a cluster analysis in an attempt to recognize
"levels of expertise" and in order to identify the level of
expertise exhibited by PATRICIA.
RESULTS

The previously described method was used for each of
the diagnostic and therapeutic categories envisaged by
PATRICIA. Due to the impossibility to show all the results
we are going to focus on the category "endogenous
respiration" and on the measurement "weighted Kappa"

Figure

I

shows the results corresponding

Table 4. Williams measures for PATRICIA in the rest of
diagnostics (using the weighted kappa measure).

arterial heart oxygena- oxygeno- acid-base ventilatory
pressure rate
tion
therapy balance therapy

1.03 r.02 0.93 1.05 1.10

and the dendrogram of the cluster analysis @gure 2). The
clinical experts have been codified with the letters A to F.
PATRICIA is the "expert" G. Finally, table 4 presents a
summary of results obtained for the rest of the categories

The formal validation of PATRICIA shows

Figure 1. Agreement between pairs of experts (including
PATRICIA -expert G-) for the endogenous respiration
using the weighted Kappa measure.

how

different methods can be used to investigate the validity of

a given expert system. In particular, the described
methodology is suitable for validating systems of the same
characteristics of PATRICIA. In relation with the specific

results obtained, PATRICIA behaves almost like the
highest level experts. Our next step will be to generalize
the methodology and to develop a specific software useful
to perform the validation [ask, in its generalized version
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