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Summary: In 1988, inundated by the tedious work of validation of laboratory reports in a large hospital biochemis-
try laboratory, we designed VALAB. a knowledge-based system specially dedicated to this iterative function.

Coping at first with a few biochemical tests, the program has been progressively expanded to forty-five common
chemical tests. Simultancously some new rules have been introduced to “weight” the conclusion in different circum-
stances and ruleftaking into consideration some clinical data have also been written.

Moreover the program moved to other disciplines, pH and blood gases. haematology and coagulation. Accordingly
the evaluation protocol has been modified. incorporating a new step. the consensus decision of the pathologists.
operating within the initial protocol and based upon the various criteria of epidemiology.

These major changes and improvements have led us to check and describe again the performance of this updated

VALAB knowledge-based system.

Introduction

In large hospital laboratories that use high throughput
equipment, the task for human validation of final reports
is very important, in spite of the help provided by effi-
cient laboratory information systems. It is time consum-
ing and highly dependent on the skill and experience of
the supervisors. Therefore we decided in 1988 to use
“artificial intelligence™ and to carry out a knowledge-
based system project to aid decision making and to per-
form an automated validation of data. The program was
first designed for an electrelyte profile (1) but it has
been rapidly expanded to handle 22 tests commonly run
in the clinical chemistry laboratory (2). Right now the
system is able to deal with 43 commoniy used tesis.
Simultanecusly, new rules have been added to cope with
clinical data, the final decision is improved by “weigh-
ing” rules that are used in different clinical circum-
stances. Moreover, in addition to its use in the Chemical
Pathology laboratory, the system has also been allocated
to other disciplines of laboratory medicine, Haematol-
ogy (3. 4) and Haemostaseclogy. where automated
equipment is also operated. When this occurred, the first
evaluation protocol (2) was modified and accordingly
also changed in Clinical Chemistry.

'y This work was supported by grants from the Conseil Régional
de Midi Pyrénées and an award trom the Société Frangaise de Bic-
logie Clinigue.

Since many amendments and improvements have been
ntroduced in the program, we have thought it would be
interesting to check again and report the performance
in the three disciplines of this updated version of our
knowledge-based svstem VALAB.

Material and Methods
Marerial

The knowledge-based system operates on a microcomputer [BM-
compatible PC (Compaq. Microdis. 31700 Blagnac, France) con-
taining an Intel 30386 or 80486 processor. 4 megubytes of RAM.
a 80-megabyte hard disk and Hercules or VGA graphics.

The software runs under MS-DOS and uses the generator (infer-
ence engine) KHEOPS (3) from the Laboratorre d”Automarique et
d"Analyse des Systémes, an institute of the Centre National de fa
Recherche Scientifique in France. KHEOPS uses forward chaining
as the reasoning process that is applied 1o the knowledge base re-
presented in the ferm of production rules. It is moreover able to
compile the rule base.

Methods

1. The various tests included in the knowledge base are listed in
tables 1 —2. covering Biochemistry. Haematology and Coagulation.

2. The production rules (more than 20000} represent the knowl-
edge and are expressed in conditional (1f-then) form. There are four
sets or rules:

{a) The unes representing the core of the system are devoted (o
the various criteria selected to help dectde whether 1o validate labo-
ratory data. VALAB actually uses the following information for
every patient duta: scceptable limits. internal coherence between
analvie results which are physiologically related. delta check. ori-
gin of the sample. i . identification of the ward and the medical
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speciality, “Srar”™ analysis or not. out or in-patient. age. sex. com-
ments on the sample quality.

fb) Some rules (weighing rules) define dvnamically acceptability
thresholds for each patient. as various trends for that patient are
noticed. This “qualitative reasoning” approach {5, 6} is a character-
istics of the second generation of knowledge-based systems. There
are weighing rules for instance to modifv the acceptable ranges in
various analyte values or in delta check acceptance.

Tab. 1 List of the chemical tests expertised by VALAB.

ic) For each test some “negative” rules have been written in order
1o restrict the validation of a normal value that would not be in
accordance with other data.

1d) particular rules cope with clinical or therapeutical data. They
are of major interest and must be developed in the future. An exam-
ple of these different rules is given in the Appendix.

All these rules are divided inte 100 ruie groups. each rule group
containing between 100 and 300 elementary rules which arc relared

General analyses

Specialised analvses

pH and blood gases

Sodium
Potassium
Chloride
Bicarbonate
Total protein
Anion gap
Detita Na-Cl
Urea

Creatinine
Glucose

Uric acid
Cholesterol
HDL cholesterol
LDL cholesterol
Apolipoprotetry Al
Apolipoprotetn B
Triacylglyeerols
Calcium
Phosphate
Plasma Mg
Erythrocvte Mg

Glycated haemoglobin
Fructosamine

lron

Ferritin

Transferrin

Coefficient of tron samration
Alkaline phosphatase
v-Glutamyl transferase
Amylase

Lipase

Total bilirubin
Conjugated bitirubin
Unconjugated bilirubin
Alanine aminotransferase
Aspartate aminotransferase
Lactate dehvdrogenase
Creatine kinase

Creatine kinase MB
C-Reactixe protein

o -Acid glycoprotein
Haptogiobin

pH

PO

pCO,

Bicarbonate
Standard bcarbonate
Total CO-

Base excess

(), Sarration
Haemaoglobin

Toral O-

Free T:
Free T,
Thyrotropin

Tab.2 List of the 1ests known by the expert system in haemaiol-
ogy and haemostaseology. Numerous other data. clinical. therapeu-

tic. morphological {erythrocytes) or plasma aspect (turbidity. hae-
molysis) are akso taken into consideration.

Cetlular haematology

Haemostaseology

Haemoeglobin

Mean Corpuscular Volume
Mean Corpuscular Haemoglobin
Mean Corpuscular Hacmoglobin Concentration
erythrocytes

Platelet Cell Volume
Reticulocytes

Erythrocytes morphology
Platelets

Leukocyies

Neutrophils

Eosinophils

Basophils

Lymphocytes

Monocytes

Immature granulocytes
Promyelocytes

Myelocvtes

Metamyelocyies

Plasma cells

Arypical lvmphocytes
Ervthroblasts

Leukoblasts

Lympheme celis

Ervthrocyte Sedimentation Rate (1 h)

Quick time (QT) or prothrombin time {PT)
international Normalized Ratio

Factor V

Factor VII — X

Factor 1l

Fibrinogen

Heparin level {unfracticnated heparin)
Heparin level {low molecular mass heparin}
Activated partial thromboplastin time (APTT)
Thrombin clotting time (TCT)

Thrombin clotting time corrected by protamin sulphate (TCTPS)
Reptilase time {RT)

Factor VIII

Factor IX

Factor XI

Factor XII

Bleeding ime (BT)

Ethanol test

Circulating anti coagulant CAC
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to a similar topic. An example of the strategic path used, e. g. for
the validation of a high aspartate aminotransferase value, is shown
in the Appendix.

Groups of rules are compiled, resulting in the censtruction of a
decision network that can be more rapidly processed than the rules
in their original form. This “pretreatment” of the intemal represen-
tation of the knowledge base results in a roral inference time. which
varies for each report accerding to the number of data, but does
not exceed approximately 500 ms.

3. The evaluation protocol has been modified in order to introduce
a new step: the clinical chemists’ and pathologists’ consensus that
is the reference decision, with which either VALAB or every super-
viser decision will be compared. Four MDs with specialisation in
Chemical Pathology, two PhDs in pharmacy with specialisation in
Clinical Bicchemistry and one PhD in Clinical Chemistry for the
laboratory of Clinical Chemistry and three MDs specialised in
Haematology for the Laboratory of Cellular Haematology and four
Clinical Pathologists in Haemostaseoiogy were the human referees.

They had to check separately 338 patient reports in chemistry, 384
for pH and blood gases, 357 in haematology and 550 in haemosta-
seology. The controi process was conducted aleng the epidemiolog-
ical method used to assess the sensitivity, specificity and predictive
values of a clinical symptom or a laberatory test. These values can
be calculated and compared between the knowledge-based system
and the human observers.

T(+) or true positive is defined as correctly stopping a wrong re-
port, T{—) or true negative is the validation of a corrsct repert.
F(+) or false positive is the inappropriate rejection of a good report
and F{—) is badly accepting an incorrect report,

Review of the formulae shows that the emphasis must be largely
given to sensitivity and negative predictive value because they both
contain the unacceprable F{—). -

Sensitivity T(~)
(proportion of rejected incoherent reports) T(+) + F(—)
Specificity T(—)
(proportion of accepted coherent reports) Ti=) ~ F(=)
Positive prediciive value

{proportion of incoherent reports T
within the rejected ones) Ti=) - F{=}
Negarive predictive value

{proportion of coherent reports _ T
within the accepted ones} T(=)+ F(—)

Furthermore, the system has also been submirted to a national
multicentric evaluation in tive different laboratories, with 4 large
hospital laboratories of clinical chemistry and | big private labora-
tory of clinical pathology, representing a total of 19 referees.

4, Statistical data are available concerning the activity and the per-
formance of VALAB within the varicus laboratories of our hospi-
tal, with emphasis on results that are considered invalid. and which
must be viewed by the user along with the reasons given by the
system for the tejection.

Resuits

Data from the evaluation protocols and from the statisti-
cal activities are presented here.

1. Evaluation results
1.1 In Clinical Chemisty

In this study 338 reports were included. The VALAB
decisions on the one hand and the human ones on the
other were both compared to the collegial decision. de-

fined as the consensus of the various supervisors. Data
are presented in table 3.

The various steps were

(a) to check first the 338 reports within a single period
of time for each of the seven supervisors in order to
consider the tring effect of such a batch of results to
be validated. Fifty seven reports showed discrepancies
between the various supervisors and needed a search for
consensus which was easily met.

(by Taking into account this consensus decision, two re-
ports accepted by VALAB but previously blocked by
the medical staff were thus accepted and therefore
2 F(—) moved to 2 T(+), and twenty nine reports vali-
dated by the staff but firstly rejected by VALAB were
accepted by the system after some modifications in the
“weighing” rules, resulting in 29 F(+) becoming 29
T(+).

(c) To improve the system performance again, we ad-
justed some upper limits and accordingly the VALAB
final decision was to reject four reports that were pre-
viously accepted. 4 F(—) becoming 4 T(+), and te ac-
cept nine cases rejected before the correction. 9 F(+)
moving to 9 T{—).

With these last figures, sensitivity, specificity and pre-
dictive values were calculated again, showing a sensitiv-
ity of 100% and a negative predictive value of 100%:
these are the main values to consider because there is
F(—) in their definition and we cannot accept a system
that inappropriately validates a wrong report.

1.2 Multicentric evaluarion in Clinical Biochemistiv

Data were collected under the same conditions within
the various selected laboratories at the national level.
VALAB was connected 1o different Laboratory Informa-
tion Systems and 1675 reports were examined.

The general conclusions are presented in table 4. In four
laboratories 38.5% of the reports accepted by the medi-
cal staff were also validated by VALAB, except in one
hospital laboratory dealing only with emergency testing
for very severe diseases and without previous results,
where the knowledge-based system accepted oaly 5% of
the 65% validated by the staff.

1.3 In haematology

The evaluation was performed by three clinical patholo-
gists on 357 reports randomly selected from the file of
reports needing a medical validation.

As in the clinical chemistry protocol, we performed the
first individual validation with the fatigue effect for hu-
man observation.

Some reports were then modified after consensus, fi-
nally preducing VALAB’s validation after amendment
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of some parameters for best fit with the pathologists’
consensus, which is considered as the 1deal decision.

Between the first two steps, 89 reports produced variable
decisions amongst the three pathologists. necessitating a
consensus that was met easily, except for 5 reports
which were therefore withdrawn.

All these data are presented in table 3.

1.4 In haemostaseology

The evaluation was performed by four MDs who com-
pared their decision for 530 reports with that of the
VALAB. The same protocol was again used and gave
the following results:

111 reports needed a consensus, 94 lacking agreement
from the four pathologists, 17 being blecked by VALAB

Tab.3 Epidemiclogical data for the three step evaluation of the
expert system VALAB in clinical biochemistry.

{a) 1is the primary comparison between VALAB and seven supervi-
SOIS.

and accepted by the medical staff (F(+)). There was no
Fi—) in the expert system analysis.

After consensus decision and modification of some
parameters and some weighing data in VALAB’s pro-
gram, the final calculation was excellent and gave 1.00
for sensitivity and negative predictive value, with no re-
sidual F(—).

1.5 pH and blood gases

The protocol covered 384 reports. During the first
VALAB’s run we noted 7 F{—} and 71 F(+) most of
them, 31, due to a very high pO, caused by oxygeno-
therapy. After the consensus meeting, the acceptable
iimits for pQ, were modified and the 7 F(—} became
7 T(—). We decided also te ask the intensive care units
to mention the oxygen therapy on the request forms, this

{b) is the result cbtained after consensus.
{c) is the final decision of VALAB after modification of some
parameters taking into consideration the consensus decision.

T(+) T(—) F(+} F(=) Accepted  Rejected Sensitivity Specificity  (+)PV {—PV
VALAB (a) 127 165 39 7 172 166 G.947 0.808 0.763 0.93%
Staff (a) 37 reports among 338 needed a consensus between the seven supervisors
VALAB (b} 157 167 10 4 171 l67 0.975 0,944 0.940 0.977
Sraff (b) 132 175 29 2 204 134 0.820 0.989 0.983 0.858
VALAB (c) 161 176 1 0 176 te2 1.000 0.994 1994 1.006
Tab. 4 Average of the data from 19 observers and from VALAB in a multicentric national evaluation
for the clinical chemistry program.
Sensitivity Spectficity Positive PV Negative PV
Human data
Mean of the 19 human cbservers 82.8 928 733 94.7
Range 22— 932 71.9-983 389-975 §7.0— 989
Fxpert svstem data
Mean of VALAB's data within the 5 locations 98.1 31 272 97.3
95.4—-100 51.0-44.2 6.1—47.3 92.0—-100

Range

Tab.5 Evaluation protocel in haematologic cytotogy.
{a) is the primary comparison between VALAB and three supervi-
$OIS.

(b) is the result obtained after consensus.
{c) is the final decision of VALAB after medification of some
parameters taking inte consideration the consensus deciston.

hY T(+) Ti=) F(+y F(—) Accept  Reject Sensi- Speci- (+PV  (—)PV
tvity ficity
VALARB (a) 357 22 267 49 19 286 71 0.337 0.845 0310 (0.934
Staff No. 1 (a) 357 29 293 23 i2 3035 52 0.707 0.927 0.538 (961
Staff No. 2 (a) 337 24 299 17 17 316 3 .586 0.946 0.386 (.946
Staff No. 3 (a) 357 40 297 9 1 298 39 0.976 (940 0.678 0.997
VALARB (b) 352 26 261 42 23 284 68 0.531 0.861 0.382 6919
Staff No. 1 {b) 332 19 272 31 30 302 30 0.388 (1.898 0.380 G901
Staff No. 2 (b) 352 26 289 14 23 312 44 0.531 0.954 0.630 (926
Statf No. 3 (b) 352 34 282 21 15 297 55 0.694 0.931 0.618 0.949
VALAB (&) 352 41 254 49 8 262 99 0.837 0(.838 0.436 0.969




Valdiguié et al.: Performance of the knowledge-based system VALAB

[y
th

information being therefore taken into consideraticn by
the knowledge-based svstem.

2. Statistical data concerning routine
operation

The three laboratories are using VALAB for a round the
clock service.

The reports submitted to the expert system are not iden-
tical, and they vary according to the discipline.

In Chemical Pathelogy the system examines only the
reports already blocked for any abnormality by the labo-
ratory information system and then stored in a special
file of reports to be validated. VALAB regularly ex-
plores this file and, according to its knowledge, either
rejects or validates the reports, which are, in this case,
immediately sent through the hospital network and
printed out. The remaining reports, with indication of
the reason for VALAB's rejection, are reviewed on the
screen of the laboratory information system by the medi-
cal staff.

In Haematoiogy and Haemostaseology, entire reports
may be considered as abnormal by the laberatory infor-
mation system and thus VALAB has to expertise all the
data stored in the file.

An example of the activity of the knowledge-based sys-
tem dunng a relative quiet fortnight of July 1995 is
given in table 6.

Discussion

VALAB can be considered as a screening program dedi-
cated to the automated selection of reports needing a
human view, m order to either accept them as valid or
have them rerun or, mainly in Haematology or Haemo-
staseology, have them checked comprehensively with
dialogue with the physician.

It was most important, of course, to perform a very strict
evaluation to check the adeguateness of VALAB ex-
pertise before the routine implementation of such an au-
tomated process. The method used for the evaluation
is derived from the epidemiological protocols. It gave
satisfactory results after addition of the consensus step,
which represents ideal decision from the medical point
of view,

We did not strictly follow Milfer’s proposal (8) who dis-
tinguished three levels of evaluation: evaluation of re-
search contnibution, validation of knowledge and perfor-
mance, evaluation of the clinical efficacy of the opera-
tional system, because we limited our protocol to steps
2 and 3.

Actually, VALAB is not a ¢linical system to be used by
physicians for interpretation of laboratory data or sup-
port for diagnosis. It is rather a tool for senior clinical
chemists or pathologists remaining within the laboratory.

The only data available for evaluation of knowledge-
based systems are clinical data for the performance of
knowledge-based systems in their support of the inter-
pretation of laboratory findings (9). The strategy used
by Wqe (10) is to answer the following questions:

1} 15 the system wanted and of good quality? (structure),

i1) is the system pleasant to use and does it reason appro-
priately? (reasoning process},

ii1) does it say sensible things and draw valuable con-
clusions? (outcome); and the means of attaining this
goal are peer review and field trials.

We may consider that we have atrained these objectives.
because VALAB is now spread over 35 European

laboratories, and because im our hospital, since 1988,

we have never had any question or argument from the

clinicians related to the patient reports validated by the

knowledge-based systems.

VALAB has now incorporated second generation con-
cepts (6, 7) and is able to weigh 1ts decision according
to various predefined items.

The conditions of operation can be selected within the
main frame computer (laboratory information system) to
which the knowledge-based sysiem is connected as an
analytical instrument; it can be as to examine either only
pathological reports or any report if the limns of normal-
ity are strictly narrowed.

VALAB has been designed as a tool for helping in the
tedious and iterative process of final medical validation,
and all the laboratories in Eurcpe equipped with this
decision support program are using it for this task in the
chnical chemists’ or pathologists” office. However, it is
obvious that many laboratories are limiting their valida-
tion at the bench, where they perform sophisticated pro-

Tab. 6 Total number of reports submitted to VALAB for 2 weeks in July 1693,

Reports seen by

Reports effectively

Reports validated Fraction of

the expert sysicm expertised validation (%)
Chemical Pathology 3378 3198 1623 1.3
Haematology 4063 3064 2788 76.1
Haemostaseology 2490 2415 2107 €72
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cess, using quality control, delta-check. mean of normals
appreciation as part of the technical validation. It 1s
therefore interesting to consider whether VALAB cannot
move to the bench, become embedded in the advanced
instrument workstation, and interface between high
throughput equipment and laboratory computer. Such a
development would seem imminent. particularty within
the “Openlabs™ project of the European Community
(11, 12).

Whatever the location of VALAB within the laboratory,
one advantage must be emphasised, i.e. the improve-
ment of turn around time due to a rapid check and often
validation of abnormal reports without waiting for a hu-

Appendix

|. Examples of the different rules

a) Basic production rule (haemoglobin)
If there is a low value for haemoglobin.
{f the patient is located within a surgical intensive care unit,
Then decrease the acceptability of this low haemoglobin by
30 ¢/l

Z

Weighing correfarion rule (serum calcium)}

If there is a low value for calcaemia,

{f there is a result for serum creatinine.

[f the creatininagmia is higher than 136:300/300 pmol/T.

Then increase the acceptability of this low calcaemia by —0.1/
—0.2/—0.3 mmolil.

Negative rule (Quick time)

[f there is an increase of Quick time higher than § seconds,

If there is a result for activated partial thromboplastin rime,

If the increase of activated partial thromboplastin time is lower
than 3 seconds.

Then it is not possible to validate such a value for Quick time.

Lz
—

d

=

Clinical rule {pO- in blood gases)
If there is any oxygen therapy,
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