Informatics in Hematology

Introduction

In the last ten years significant improve-
ments have been made to the automated
instrumentation used in the hematology labo-
ratory. State-of-the art hematology analyzers
are capable of enumerating platelets, producing
red blood cell (RBC) size distributions, and
producing five! or s.ix-part2 white blood cell
(WBC) differentials from one sample of whole
blood. Technical improvements in the field
of flow cytometry (FCM), both in instrumen-
tation and in the availability of monoclonal
antibodies, have made FCM the method of
choice for immunophenotypic analysis of
hematopoietic neoplasms and lymphoid cells
in immunodeficiency states®. In addition,
FCM is a valuable tool for performing an
absolute reticulocyte count®.

During the last decade, considerable
improvements have also been made to micro-
computer hardware and computer software
development tools. Computers are currently in
use in many areas within clinical and anatomic
pathology laboratories for word processing,
database functions and spreadsheet analysis.
Microcomputers are an integral part of the
modern hematology analyzers and flow cyto-
meters mentioned above, performing important
functions in data analysis and storage.

Information technology is a rapidly
expanding field which has wide-reaching effects
on many disciplines in medicine including
computerization of the medical record, hospital
and laboratory information systems, computer-
based decision support (expert systems), com-
puterized searches of the medical literature,
and computer-aided education. In this article,
we emphasize three of these areas in which
medical informatics is particularly useful in
the field of hematology. (1) Expert systems
as an aid to hematology diagnosis ; (2) com-
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puterized database management in hematology
laboratories ; and (3) the use of computers in
hematology and hematopathology instruction.

Expert Systems

Knowledge-based computer systems in
medicine are part of the field of informatics
known as artificial intelligence. Such systems
have been referred to as expert systems, aids
to decision making, and computerized decision
support systems. The ultimate goal is to re-
produce the medical knowledge and reasoning
power of expert human consultants to aid in
both diagnosis and teaching.

A number of expert systems have been
proposed in the field of hematology5'7. Pro-
babilistic reasoning (Bayes’theorem) has been
applied to data obtained from a Coulter
hematology analyzer along with interpretation
of peripheral blood smears and bone marrow
aspirates for hematology diagnosis>. This
approach has been tested with 180 cases of
anemia secondary to a variety of hematologic
disorders. The program ranked the correct
diagnosis first in 64.5% of cases. The correct
diagnosis was ranked second or third in an
additional 20% of cases for a total of 84%
satisfactory responses.

Blomberg et al.® developed a system for
the classification of anemia which responds
on the basis of statistical data from a know-
ledge base of training cases and classifies
outcome into ranked probabilities. Limited
demographic information was input along
with the results of a complete blood count
(CBC), and, if available, results of iron,
B12 or folate studies. The system correctly
diagnosed 54 of 84 (64.2%) cases. Overall
performance was considered satisfactory
(correct diagnosis listed in the top three choices)
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in 74 of 84 (88%) cases.

The program designed by Bates and
Bessman’ analyzes automated blood counts
and differential data on the basis of multiva-
riate analysis of a database of approximately
8000 patients with known hematologic status.
The system indicates by means of a weighting
score (up to 27 points) the relative congruence
between the subject data and a list of 37
hematologic disorders (including ‘‘normal’’).
In a trial of 182 cases, the correct diagnosis
was listed first in 134 (73.6%) and second
or third in an additional 40 cases.

In each of these three examples, the
system developers have attempted to deal with
the problem of ‘‘reasoning under uncertainty’’
in artificial intelligence. In one case, probability
theory (Bayes’theorem) was chosen as a repre-
sentation of uncertainty. One of us (CS), filled
in a probability matrix comparing the features
observed and the diagnoses considered based
on his years of experience in hematology. In
the other two approaches, relatively large
databases of known cases were searched for
statistical comparison with the case under
consideration. It was assumed that if the
databases were representative of all patients,
then ‘‘uncertainty’’ in a particular disease
(the chance occurrence or lack of occurrence
of a particular feature) would be handled by
the inference engine and the results could be
represented by a score or ranked probability.

Despite the encouraging results of these
studies, we feel that none of these models
actually ‘‘thinks’’ the way an expert con-
sultant does. We are currently studying a
new approach, together with Dr.Doyen T.
NGUYEN, which we believe much more
accurately models expert reasoning. We have
applied this model to two expert systems :
(1) analysis of the hemogram and peripheral
blood smear® ; and (2) interpretation of flow
cytometry data’. In our new model, we do
not attempt to arrive at a final diagnosis in
one step. Instead, we define all of the patterns
which can be present in the data under con-

sideration (e.g., in the case of peripheral
blood, the findings may indicate one of 18
patterns including a THROMBOCYTOSIS
PATTERN, a NORMOCHROMIC, NOR-
MOCYTIC ANEMIA PATTERN, or the
ABNORMAL MONONUCLEAR CELL
PATTERN) and the specially designed inference
engine chooses the dominant pattern based
on these definitions. There is no need to
‘“‘reason under uncertainty’’ because the
patterns are clearly defined. Each of the
patterns suggests a definite differential diagnosis.
In the peripheral blood expert system, which
we call ‘“‘Professor Petrouchka’’, the input
data includes, age, sex, and the Coulter STKSR
hemogram findings, including “‘suspect flags’’.
After finding the preliminary pattern based
on this data alone, the system recommends
a specific approach to review of the peripheral
blood smear (e.g., scanning at lowpower
magnification, RBC, WBC or platelet mor-
phology review at medium-power magnification,
or a manual WBC differential). The system
modifies its recommendations as necessary
when specific morphologic observations indicate
that it is appropriate to do so. At each stage
of the peripheral blood smear examination, the
system recommendations can be overridden by
the user by simple point and click operations
on the computer. When the blood smear
review is completed, the system re-interprets
the data in light of the findings and re-calculates
the final dominant pattern. With this approach,
false positive and false negative STKS suspect
flags can be easily overcome. The system then
lists a differential diagnosis, indicates which
of these diagnoses is suggested by the data
(including the reasoning indicating that diag-
nosis) and makes recommendations as to
which additional tests should be performed
to establish the diagnosis.

Database Management
in Hematology Laboratories

The age and sex of a patient are both
vital pieces of information in interpreting hema-
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tology data. Both of these factors influence
the reference values which are used to deter-
mine if results are normal or abnormal. In our
laboratory, a hemoglobin value of 12.0 g/dl
cannot be properly interpreted without knowing
the sex of the patient. This hemoglobin value
is normal for an adult female but indicates
anemia in an adult male. Similarly, one cannot
interpret an absolute lymphocytosis correctly
without knowing the age of the patient. In
view of this, it is surprising that the modern
hematology analyzers, with all of their technical
innovations, do not handle this situation
very well. There is often no way to enter this
information directly into the on-line data
management system offered by the manufac-
turers.

Almost any computerized laboratory
information system can help solve this problem.
One approach, specific to the problems of
the hematology laboratory, is LUGHEMA,
a french program which interfaces to Coulter
hematology analyzers. This flexible program,
for management of hematology data, allows
the user to keep track of workload, define
multiple sets of reference values, store other
test results such as reticulocyte counts, and
print user-defined reports.

One of us (LWD) has also designed a
laboratory management program based on an
easy-to-use graphical user interface which
runs on a network of Macintosh™ computers.
This system has been implemented in the
laboratory of a 40-physician multispecialty
clinic and has been in continuous operation
since June, 1989'%. The basic system consists
of six linked Hypercard™ stacks which are
concerned with patient registration, order
entry, worklists, results, reports and a daily
log. The system is easily interfaced to any
laboratory instrument by taking advantage
of the programs available in the HypercardTM
serial port toolkit. The advantage of the
graphical user interface is that there is no
need to remember command syntax at any

time. Electronic results transfer is also available
to physicians on the network.

Database capabilities are also very neces-
sary for the ultimate design of hematalogy
expert systems such as those described above.
If ‘“‘Professor Petrouchka’’ is going to be
able to give intelligent advice about all cases
presented to him, (not just ‘‘fresh’’ cases
without a diagnosis and before treatment)
he must be able to check the database for
previous specimens from the same patient.
This is especially true for the correct inter-
pretation of a hemogram with a PANCY-
TOPENIC PATTERN in a patient with a
previous diagnosis of acute leukemia who is
undoubtedly undergoing chemotherapy.

Computers in Hematology Education

Interactive teaching systems with powerful
computer graphics coupled with hypermedia
techniques such as videodisc technology,
sound, movies, and digital imaging can greatly
improve the learning process. A number of
systems have been introduced in the fields
of hematology and hematopathology. The
American Society of Hematology now offers
their Slide Bank on a videodisc format with
computer search capabilities. One of us (CS)
is contributing hematology cases to a videodisc
in France as part of a major project by French
anatomic pathologists to modernize diagnostic
pathology with a slide bank, a national data-
base of coded cases, and telepathology capa-
bilities. Dr. Bharat Nathwani, at the USC
School of Medicine in Los Angeles, California,
has published a videodisc of lymph node
images along with an expert system (based
on Bayes’theorem) for teaching lymph node
pathology!!. Our group is working on a hyper-
text format for hematology case presentations
and, ultimately, a complete electronic textbook
for hematology and hematopathology. Rather
than a videodisc format, we are using digitized
images obtained either from a video camera,
or scanned directly from 35 mm diapositives.
The digitized images and hypertext commentary
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will serve as a tutorial for our expert systems
and as a reinforcement for the explanation
facilities within these systems.

The Future-A Hematology Workstation

It has been stated that medical personnel
and physicians in particular will only be
attracted to the use of computers when systems
are deemed useful for all aspects of their daily
routine. In addition, system use must be
consistent across all applications!2. Powerful
desktop workstations encompassing multi-
tasking operating systems, high resolution
color screens, at least 8 MB of memory, and
large capacity hard disk drives are available
today for about $10,000 and clinical work-
stations for the pathology laboratory have
already been prototyped on similar hardware!.
The applications we have discussed : dicision-
support systems, hematology data-base manage-
ment, and hypermedia electronic textbooks,
can all be integrated on a single system with
a well designed user interface. The workstation
can be simultaneously interfaced to a hema-
tology analyzer, a flow cytometer, and existing
hospital and laboratory information systems.
Such a system would be capable of integrated
reports taking into account all of the potential
hematology/hematopathology findings including
the hernogram, peripheral blood smear, bone
marrow aspirates and biopsies, flow cytometry,
lymph node biopsies, and other appropriate
complementary tests. The patients as well as
the physicians will ultimately benefit from
a ‘“‘hematology workstation’’ of this type.
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