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Introduction

An important task of our Department is the development of application
software for the Hungarian-made minicomputer R-10. In this context the re-
search of the medical application of computer technics is of special importance.
Our eager partner in this multiple and complex work is the collective of physi-
cians of the Bajesy-Zsilinszky Hospital, Budapest.

This paper deals with the computer processing of clinical laboratory test
results.

The clinical laboratory is fitted in the first place into the diagnostical
information system of the hospital. All the departments of the hospital and
the out-patient treatment serviece — if it exists — may ask for laboratory
tests. The therapeutical activities of the laboratory are — apart from the prep-
aration of a few specific vaccines — negligible. The units of haematology,
parasitology, immunology, bacteriology and virology show an increasingly
independent development both methodologically and in their professional fields
and become independent departments in higher developed institutions.

Nevertheless, there are certain common requirements in all these fields,
such as:

— standardization of processes to be performed in various laboratories,

— reproducibility of test results obtained by identical processes,

— reduction of the cycle-periods of each test,

— reduction of the test sample quantities,

— classification and processing of the obtained data,

— introduction of new diagnostical methods in correspondence with the

development of the professional field,

— economy.

The role of computer processing in the fields listed above is obvious. The
program systems to be described are called to assist the diagnostic work of the
physicians, and the activities of the clinical laboratory staff.
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The second part of this paper presents the specific laboratory activities
in the grouped testing network. The laboratory of the Bajcsy-Zsilinszky Hos-
pital has been invited to take part as a ““guest” in a similar network in the FRG.

Our task was to create a similar system also in Budapest, led by the labo-
ratory of the Bajesy-Zsilinszky Hospital. The purpose of the network is to
control, qualify and assist clinical laboratories.

2. The laboratory subsystem of the Compuierized Patient
Record System

2.1. The on-line Clinical Information System

A clinical information system involves various documents of the physi-
cian-patient connections as information. The contents and forms of these
documents are very different, yet certain identical characteristics permit to
combine these documentsinto a group. Each observation related to a patient,
the case-history sheet, the temperature chart, ete. are parts of a single case
of illness, so they must form a single storage unit. The documents of the case
have fundamentally two purposes. Primarily: Setting the care-therapeutical
process, the information of the attending physician. In this case we wish to
handle the data in the on-line mode.

Secondarily: Research. The case of illness is closed, the patient left the
hospital and his case is stored in the archives. Here an off-line access is pro-
posed, to permit more complex processing.

The research carried out at the Department involves development of
an on-line system. The advantage of the computer is that is does not supply
the case-sheet, but directly the required information in real-time, within a few
seconds (Fig. 1). The program system intended to process the cases stored in
the archives must be constructed on quite different principles, so only the
junction points have been defined. The input of the archives processing pro-
gram is the Archives File. obtained as output in the on-line system. The struc-
ture of the Archives Patient Record (APR) is shown in Fig. 2. The system is
of a hierarchical structure with the smallest meaningful unit standing in the
lowest point. These data elements are stored a single time, indepen-
dent of how many times and for how many purposes they are going to be
utilized.

The IPR library contains all the critical data of all the patients, who
are at this time in the hospital, it is essentially the transient data base of
the system. The transient data base is recorded on the fix-headed disc of 1.6
Mbyte capacity. The average access time to a sector is 10 ms, the IPR records
may be accessed directly (Direct Access Method). The IPR records consist
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logically of three parts: personal data, X-ray data and laboratory test data.
By adding further subsystems, the IPR is accordingly extended. The minimum
length of the above blocks is 1/2 sector (128 byte), the maximum length is
4 sectors. The records of various lengths are handled by the IPR File Man-
agement System. For the sake of a fast access, we did not decompose essen-
tially the sector organization of the disc, had been managed in spite of the
fact that a one-byte access would have resulted in a significantly compacter
structure.

2.2, The program LABI1

2.2.1. The program LAB1 has two functions:

— in the case of data input it codes the laboratory test result fed in the
input interface and stores it in the laboratory segment of the IPR of the
involved patient;

— in the case of retrieval it carries out the call command arriving in
the input interface. At the level Laboratory Subsystem the call may be test-
oriented. or time-oriented. The program compiles the called off data in decoded
form in a disc output work-space. Controlling the printout is the task of the
TERMINAL EXECUTIVE.

The Subsystems join the MAIN SEGMENT through the unified input
interface (Fig. 3.) The output interface may be of three types, depending on
the function:
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— in the case of calling-off the answer to be printed on the terminal is
generated on the disc output work field with the help of the OUTPUT
EDITOR;

— in the case of extension and data input, the extension is carried out
in the transient work area of the IPR. So at the time of output, the updated
IPR is in the interface field;

— in the case of error the operation of the subsystem is suspended and
the error is indicated on the error-flag of the command field.

2.2.2. The logic data structure of the laboratory test data may be studied

on Fig. 4. An element of the matrix contains the result of a certain test at
a given date.

TION Group 1 Group 2 s Group 9
DATE 1112 21 122 Q1 19.2
11 08.03.75
2| 09.03.75
3] 000475
4] 03.04.75
5| 08.04 75
6| 09.04 75

Fig. 4. Structure of Labor Data

The matrix elements may be of the following types:

— integer, e.g. SODIUM 15 mval/l;

- real, e.g. HAEMOGLOBIN 22.3 gr/100 ml;

— coded, e.g. VDRL REACTIO + +.

If a test has been omitted, its place is “‘empty” in the matrix. The central
laboratory of a universal hospital is equipped as an average for carrying out
90 to 100 types of tests; during his stay in the hospital one patient is subject
to 14 to 70 tests.The expected number of the tests is about 17, representing
14 routine tests +3 specific tests. The data were established on the basis
of trial processing performed in Medical Department No. 3 of the Bajesy-
Zsilinszky Hospital.

2.2.3. Clinical laboratory data flow scheme:

— The attending physician encircles the serial number of the required
tests on the Laboratory Data Sheet (Fig. 5);

— Sampling;
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— Preparation of the material and the pertinent information: the nurse
takes the glue-backed labels from the name card holder of the examined patient.
The label contains the internal identification data of the patient (the label is
prepared by the “Personal” subsystem). The nurse glues one label each on
the Data Sheet and on the sample material receiver. She applies the data on
the labels by the data-printer;

— The material and the Data Sheet are transferred to the laboratory;

— Next step: laboratory dispatcher activity and the execution of the
tests;

— Documentation and on-line interactive data input to the transient
data base are the last steps in the process.

2.2.4. A critical problem is the design of the correct storage structure.
The structure had to be designed from the aspect of fast calling off. The access
to the IPR is direct access, while processing of the IPR is sequential. The
IPR is processed in the storage, so the time problem is irrelevant. An advan-
tage is the high grade exploitation of the storage. The rows of the matrix con-
sisting of unified size data are compacted into vectors of various lengths and
the vectors are continuously assembled. The data is identified by regarding

6*
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it the 63" — otherwise non-existent — test of the 15" group. The length of
the data elements stored in the IPR is 4 byte, their construction is the fol-
lowing:

Date:
No. of bit F iel?hlii;‘g‘h Remark
7] 4 Date (compressed)
4 4 Contents: 1510
8 3 Contents: §
11 5 Contents: 6310
16 4 Year relative to *75
26 4 Month
24 8 Day
Test result:
No. of bit Fiel(iilf)”gth Remark
g 1 Can the result be accommodated in a unit?
1 3 ! Type code
4 4 Group number
8 3 Code of “Result non evaluable”
11 5 Serial number within the group
16 16 Result zone

2.2.5. At the level of the subsystem two types of retrieval strategies
may be conceived (Fig. 6):

— at what date and with what result was a given test performed: this
means a movement in the given column of the logic structure;

— at a given date which tests were performed and with what results:
this means a movement in a given row.

2.3. The program LAB2

2.3.1. The program LAB2 continuously records the performance of, and
load on, the Central Laboratory and performs the methodological control of
the laboratory tests. The first function is of interest mainly for the Hospital
Management and Health Statistics, the second service is claimed by the senior
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physician leading the laboratory. Every time, when the subsystem LABI1
introduces a new test result into the transient data base, the program LAB2
increases the content of the corresponding element of the counter field in the
tabulated form.The counter fields record dynamically the state and the activ-
ities of the Central Laboratory. The statistics of the Central Laboratory work
is prepared by calling off the contents of the above counter fields with the
help of appropriate algorithms.

The program is comnstructed of independent segments, corresponding to
the procedures required. The connection link is the commonly used table.
A part of the procedures serves for updating the table, the rest for calling off.
The table — due toits dimensions — is outuput on discs. On turning to the table,
the sectors containing the required counter field is computed and fed alone
into the storage this sector only.
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Fig. 7. Structure of the Counter Zone

2.3.2. The logic construction of the main table is shown in Fig. 7.

Ay
week;

number of test i required by the j-th department during the given

B,;: number of test i required by the j-th department during the month.

The construction of the disc file realizing the table is as follows:

Byte-address F‘dﬁ;&”“‘ Meaning
g 2 Number of points assigned to test 1.1
2 2 Number of tests on the given day
4 2 Average of tests on the given day
6 8 Reserve
14 2 Ay
16 2 By
18 2 Ay,
20 2 B..
68 2 Reserve for one new department
70 2 Number of points assigned to test 1.2
72 2 Number of tests on the given day
74 2
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The occupied space is about 17 kbyte, one test takes a field of 70 bytes.
In this random structure a total of max. 250 tests can be taken into account.
The presented structure — irregarding completions — is obtained by the
continuous row extension of the table in Fig. 7. The table records the data of
13 hospital departments and one extension possibility is built in.

2.3.3. In contrary to the preceding real-time nature access the ecalling-
off is a batch process.

a) The performance of the Central Laboratory during the given week, or
month by departments: The value of the corresponding counter field is weight-
ed by the number of points assigned to the test, as the number of tests alone
does not characterize the load.

b) List of all the tests required by the given department during the given
week, or month;

c) The departments, which asked for a given test during the given week,
or month;

(During calling off the data under b), ¢), the departments are controlled from
the aspect of whether the text requirements were justified or not.)

d) The arithmetical mean of the results of the given test on the given
day: naturally only for test giving a numerical results. The chief physician of
the Laboratory performs the systematic control on the basis of the above data.

3. Survey Control

The sequential and permanent control is one of the most important con-
ditions of the reliable functioning of the clinical laboratories. Usually the clin-
ical laboratory analyses are routine examinations. In many cases the results
of the clinical laboratory analysis give the basic information for the medical
diagnostics. Beeause of this fact the day-to-day routine analyses have to be
made at a high accuracy, and reliability; it is a very important task to control
the work of a clinical diagnostical laboratory.

The surveys to be introduced in this item refer to the quality control of
the clinical laboratories. The same serum has been distributed between many
laboratories taking part in the scheme, The laboratories had to make the
prescribed analyses of the serum and return the results — as soon as possible
— to the organizing (or central) laboratory, where the statistical data process-
ing would be done by digital computers. One of the main advantages of the
digital data processing is to reduce the time interval between the distribution
of the material and getting back the results. For a too long interval it is diffi-
cult to assess the effects of the results on the precision and accuracy of the
work in the laboratories. It may be noted that the control of accuracy in the
laboratories is not a static one.
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In recent years some survey controls took place in the clinical laborato-
ries in Budapest (Hungary). The scheme has been guided by the laboratory
of the Bajcsy-Zsilinszky Hospital, headed by Dr. Imre Horvath. Generally
the prescribed analyses were: potassium, sodium, calcium, chlorine, phospho-
Tus, urea-nitrogen, rest-nitrogen, haemoglobin, uric acid, ferrum, glycose. Let
us note that this laboratory took part as an invited member in a similar scheme
in the Federal Republic of Germany some years ago. To statistically evaluate
the survey control results, a computer program package was elaborated by the
authors.

A short introduction will be given to this program package presenting
also some examples and results.

3.1. Statistical Data Processing

In most surveys the specimens consisted of more lyophilized animal serum.
This serum distributed between the clinical laboratories, may be of two differ-
ent origins:

a) standard serum,

b) serum made specifically by the central laboratory.

Exact value of the results are necessary to control the accuracy of the
work in each laboratory. In the case a), the factory gives the exact value of
the chemical component substances of the serum to be considered as reference
values for quality control.

In the case b), the exact values of the components are unknown. Then the
reference values will be obtained on a digital computer as the corrected statis-
tical results of the laboratory.

The statistical data processing is made as follows:

1) The sample mean and standard deviation are computed:

1 N
mg = E{x,} = /—/:‘in (].)
N3
) 1 AL
o, = Var {x;} = —ﬁ%(x, — my)?

where m, is the sample mean, o, is the standard deviation, /V the number of
laboratories participating in the same experiment, x; is the result of the i-th
measurement.

2) The coefficient of variation (CGV) is computed

CV, = — [ %] (2)
GS
and so is the varianee index (VI):
" 1 X
Vi= — Dg(z) (3)
=1

H

?
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where IV, is the number of experimentsin the i-th laboratory, g(z;) is the step
funection with the argument:

5 o= M (4)
G
and
0 if izl <1
1 if 1<s <2
gz) =3 2 if 2<lzd <3 (5)
i 3z <4

3 if
[ 4 otherwise

The function g(z,) is seen to give the accuracy of the i-th measurement
(Fig. 8) referred to the standard deviation.

3) Related to the measurements, a confidence interval is determined (see
Fig. 9). After removal of all points outside the confidence interval (in this
case twice the standard deviations on either side of the sample mean):

my — 20, < x; < mg + 20y
the statistics are recomputed, to give the recomputed sample mean (m,;) and
the recomputed standard deviation (o,), the recomputed coefficient of vari

[
g(z)

N

confidence interval

Fig. 9. Confidence interval; mg — sample mean, og — standard deviation, m,; — recalculated
sample mean, o, — recalculated standard deviation



Fig. 10. Statistical results of the 6th survey control
from the week ending on 23. 10. 1975

number of lab. = 110

Serum-A
Measurements Laboratory
N m o cv VI
all lab. 80 4.28 0.38 8.78 0.288
Potassium selected lab. 76 4.28 0.27 6.20 0.375
reference 0 4.20 0.27 6.20 0.375
all 1ab. 81 141.40 4.60 3.25 0.309
Sodium selected lab. 75 141.25 3.25 2.30 0.407
reference 0 141.00 3.25 2.30 0.407
all lab. 87 4.85 0.69 14.28 0.207
Calciam selected lab. 83 4.81 0.38 7.98 0.322
reference 0 4.60 0.38 7.98 0.322
all 1ab. 80 103.64 5.88 5.68 0.250
Chlorine selected lab. it 103.92 4.10 3.94 0.250
reference 0 103.00 4.10 3.94 0.250
all lab. 80 3.43 0.70 20.44 0.325
Phosphorus selected lab. 74 3.44 0.53 15.50 0.313
reference 0 3.20 0.53 15.50 0.313
all 1ab. 83 16.31 4.08 25.04 0.169
Urea-N. selected lab. 80 15.98 2.33 14.60 0.325
reference 0 15.00 2.33 14.60 0.325
all lab. 13 32.717 7.51 22.91 0.385
Rest-N. selected lab. 12 31.42 5.96 18.98 0.231
reference 0 31.42 5.96 18.98 0.231
all lab. 74 1.01 0.30 29.64 0.392
Creatinin selected lab. 71 0.99 0.24 23.73 0.324
reference 0 0.80 0.24 23.73 0.324
all 1ab. 63 | 4.26 0.73 17.22 0.333
Carbamide selected lab. 61 | 426 | 066 | 1538 | 0.365
reference 0 4.00 0.66 15.38 0.365
all lab. 63 99.97 30.35 30.36 0.175
Ferrum selected lab. 62 97.06 19.90 20.50 0.333
reference 0 76.00 19.90 20.50 0.333
all lab. 99 87.39 11.56 13.23 0.323
Glycose selected lab. 96 86.16 9.18 10.66 0.313
reference 0 86.00 9.18 10.66 0.313
all lab. 107 1275 0.84 657 | 0.336
Haemoglobin selected lab. 102 1 12.68 0.66 5.24 0.364
reference 0 | 12.68 0.66 5.24 0.364




(cont.)

Serum-B
Measurements Laboratory
LY m | o cv vI
all lab. 85 6.73 1 0.51 7.64 0.318
Potassium selected lab. 80 6.76 0.38 5.63 0.306
reference 0 6.76 ‘ 0.38 5.63 0.306
all lab. 86 10776 | 1417 | 1315 | 0.198
Sodinm selected lab. 83 108.16 8.31 7.69 0.291
reference 0 108.16 8.31 7.69 0.291
all lab. 100 4.28 ‘ LI3 | 2629 | 0.290
Calcium selected lab. 93 416 0.77 18.48 0.270
reference 0 4.16 0.77 18.48 0.270
all 1ab. 91 80.73 5.73 7.10 0.253
Chlorine selected lab. 87 80.85 4.47 5.53 0.385
reference 0 80.85 4.47 5.53 0.385
all lab. 89 27.52 6.88 25.01 0.315
Phosphorus selected lab. 83 28.48 5.00 17.54 0.281
reference 0 28.48 5.00 17.54 0.281
all lab, 91 66.31 18.55 27.97 0.209
Urea-N. selected lab. 90 64.99 13.70 21.08 0.341
reference 0 64.99 13.70 21.08 0.341
all lab. 18 81.22 17.18 21.15 0.389
Rest-N, selected lab. 18 81.22 . 17.18 21.15 0.389
reference 0 81.22 | 1718 | 2115 | 0.389
all lab. 94 377 0.81 21.60 0.319
Creatinin selected lab. 91 3.71 ‘ 0.65 17.41 0.372
reference 0 3.71 | 0.65 17.41 0.372
all Iab. 0.00 ‘ 0.00 0.00 0.000
Carbamide selected lab. 0.00 3 0.00 0.00 0.000
reference 0.00 | 0.00 0.00 | 0.000
all 1ab. 80 390.81 ‘ 122.22 31.27 0.250
Ferrum selected lab. 74 394.86 1 70.37 17.82 0.363
reference 0 394.86 ; 70.37 17.82 0.363
all lab. 109 306.63 | 31.55 10.29 0.349
Glycose selected lab. 104 305.28 | 25.89 8.48 0.367
reference 0 305.28 | 23.89 8.48 0.367
|
all lab. 109 892 | 073 | 820 | 0303
Haemoglobin selected lab. 100 8.79 \‘ 0.47 5.40 0.367
reference 0 8.79 1 0.47 540 | 0.367

N = number of laboratories, m = sample mean, ¢ = deviation, CV. =
(100 < o/m), VI = variance index

coefficient of variance
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Statistical results of the joint measurements in the 6th survey control

Potassium Sodium Calcium Chlorine Phosphorus Urea-N.
Number 72 74 80 72 68 79

Mean 4.18 141.14 4.82 104.01 3.46 15.97

6.75 107.97 4.12 1 8091 28.29 64.66

Deviation 0.26 3.09 0.38 4.08 0.51 2.33

0.38 8.33 0.73 4.50 4.57 12.92

Covariance 0.05 —4.24 0.11 8.15 0.55 7.54
Correlation 0.477 —0.165 0.404 0.444 0.237 0.250
Lin. regr. X ' 0.678 —0.445| 0.785 0.488 2.140 1.385
Lin. regr. Y ' 4.715 131.24 2.172 34.7157| 27.476 60.664

! |

Fig. 11. Correlation coefficients of the 6th survey control

ance (RCV) and the recomputed variance index (RVI). Let us note that the
recomputed sample mean is nearly equal to the sample mean (m, ~ m), but
the recomputed standard deviation must be smaller than the standard deviation
(ors < 0s) [3]. In the case b), if the exact values of the serum components
are unknown, the recomputed sample mean (m

value.

.s) is considered as reference

4) Usually two specimens are distributed (below: “serum-A” and *“‘serum-
B”). The laboratory has to make the same analysis on both serums. In this
case the correlation coefficient is given by:

ﬁ(xi — my) (y; — mp)
r= N‘,l=1 TN, y (6)
ﬁm—mfgm—mﬂ

where IV, is the number of laboratories having made both analyses on serums-A
(x;) and (y;), m4 is the corrected sample mean of measurement X;, my is the
same for serum-B. Let us note that some laboratories do not make one of the
measurements (that is x;—y;), so:

7 Y s AL B
’Z\IO = _7\/, my == My, mpg £ mps .

The statistical data processing is finished by computing the correlation
coefficients. In Fig. 10 the statistical results of the 6th survey control made
October 27th, 1975, are presented. Although both serums were standard ones,
some of the components were unknown. The exact value of the components
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Rest-N. Creatinin Uric acid Ferrum Glycose Haemuogl.
Number 12 69 0 55 94 93

Mean 31.42 1.00 0 97.31 86.01 12.65

79.67 3.712 0 396.35 - 304.85 8.78
Deviation 5.71 0.23 0 1955 | 9.03 0.60

17.98 0.66 0 75.54 ! 24.87 0.47
Covariance 79.89 0.08 0 195.77 53.93 0.19
Correlation 0.779 0.509 0 0.133 0.240 0.668
Lin. regr. X 2.452 1.448 0 P 0512 0.661 0.521
Lin. regr. Y & 55.207 i 3.217 0 ‘ 383.45 284.21 | 0.332

{ |

were only known in advance for potassium, sodium, calcium, chlorine, phos-
phorus, urea-nitrogen, creatinin, uric acid, ferrum and for rest-nitrogen. Haemo-
globin were unknown in scrum-A. In the latter case the recomputed sample
mean was considered as a reference value for each component in serum-B.
This is clearly seen in Fig. 10.

Fig. 11 shows the correlation coefficient values computed.

3.2. Qualification of the laboratories

On the basis of the statistical results, the laboratories are easy to classify.
The program computes the variance index for each laboratory. Depending on
the function g(z) (see (3) to (5)), each measurement is rated by an integer
number between 0—4, expressing the measurement accuracy related to the
recomputed standard deviation (Fig. 12). After the statistical data processing,

penalty factor

t
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!
]

i
1
|
!
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Fig. 12. The penalty factor depending on the distribution of data
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each laboratory has two VI values, one for measurements on serum-A, the
other for serum-B. Lower VI values mean higher classification. Generally, the
V1 values range from § to 1, 2.

If every VI of each laboratory is known, the VI histogram can be estab-
lished. This histogram shows the average goodness of the survey control. In
this case the mean of the VI values can also be recomputed and so can be the
standard deviation. Figs 13 and 14 show the histograms of the variance

index of the 6th survey sontrol. The mean values and the standard deviations
are:

Serum-A Serum-B
Mean 0.60812 0.70862
Deviation 0.40964 0.49741
3
124 gt survey control Serum - A
1
10 )
° %
i 7
S %
ki 8
o« 77 2
o
. B
2 -
£ ) Z Z
2 41 Z
3 %
24 7 7,
0 03 04 05 08 08 10 1 v 12

Fig. 13. Hisfogram of variance index (VI) of the 6th survey control for serum A

Let us note that the qualification of the laboratories (or the variance
index) is not static, but dynamic. So the variation with time of the VI-histo-
gram gives the best information about the improvement or impairment of the
results as an average.

The joint (x;,y;) results plotted in Figs 15 and 16 show results for
potassium and sodium of the 6th survey control. The first step in classifying
a laboratory is to determine the error (x;, — m,,) computed to a standard devia-
tion (o,,) ratio. Therefore, points inside the inner rectangle are within the con-
fidence inerval £ o, for both experiments, points between the two rectangles
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Fig. 14. Histogram of variance index (VI) of the 6th survey control for serum B
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are within o, < error <{ 20, region. Most of the results are seen inside the

inner rectangle and between the two rectangles, that is, inside the + 20,

confidence interval.
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Since the results of the analyses are random variables, they have distri-
bution functions. The distribution function is a two-dimensional Gaussian one
— in most of the experiments. The well-known density function of a multi-
dimensional Gaussian distribution with mean vector M and covariance matrix

K [3] is:

p(x) = (27) 1 |K[~U2 e~ W2 E-MTEE-29 (D
In this case
el Lt Bl el el @
Yi mp Opa Up

X, M and K are estimated from the results.
As an example, these variables for potassium are (see Fig. 15):

2 . .
M= 4.28 DK = 0.26 0.05 9)
6.75 0.05 0.38

r=0477; N, = 75.

The program computes the coefficients of the linear regression equation

3]

y=ax+b=r—gi(x—mA)+mB (10)
A

In this case, for potassium:
y = 0.678x + 4.715 (11)

Let us note that the value of the normal density function is constant, satisfy-
ing the equation:

-;;(X ~MTE X - M) =2 (12)

&

where 1 is a real constant.

A = 1 yields the equation of the variance-ellipse.

The estimated density function delivers the probability of a point to be
inside the ellipse with parameter 1 [3]:

A2

P(3) =1 —¢ -] (13)

If this probability is higher, then the results of the same laboratory are
more aceurate, that is, more points get inside the variance-ellipse. As an
example, P(4) for potassium:

7
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P(h=1) =048

and (14)

3.3. Density function estimation
In simple cases, experiment histograms give enough information about
the distribution of the measurement values. The probability density function

of data {x;}{_; can be estimated by the well-known histogram method:

S Vi

N{x) =
pn(x) N7

(15)

where 7; is the number of data inside the interval h, IV is the total number
of data.

The computer program computes the histograms and plots them on a
line-printer. Fig. 17 is the histogram of potassium for both serums. Let us note
that in some cases the density function is not a Gaussian one. As an example,
Fig. 18 is the histogram of phosphorus.

A density function that is accurate enough yields sufficient information
about the relative accuracy of results for serum A and B. Therefore, another
density estimation technique was applied, known from the statistical pattern
recognition theory as the Parzen density estimation [2]. In this case the estimat-
ed probability density p(x) is formed from the superposition of known kernel
functions K(x, y) to samples of p(x):

Sa(%) = 1
PN = NR() ;

b=

S (10

[

where h(.) is function of the sample size (IV).

Parzen proved this method to give more accurate results than does the
histogram method.

Sharpness of the density function by this method gives an information
about the goodness of the survey control.

Figs 19 and 20 show density functions for each of both serums.
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Fig. 19. Estimated density functions for phosphorusr
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Fig. 20. Estimated density functions for calcium

Summary

Computer processing of clinical laboratory test results has been presented. A laboratory
subsystem of an on-line Clinical Information System (CIS) has been elaborated by the authors.
This program consists of three main parts; the first one is for coding, storing and handling
the data, the second one is to record and to analyse statistically the work of the Central Clinic-
al Laboratory, finally the third program makes the statistical data processing of the survey
control and qualify the work in clinical lahoratories.
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