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SUMMARY.

A review of the current literature reveals little critical analysis 

of multiple screening tests performed on patients on admission or pre

admission to hospital. The literature illustrates the many advantages 

to the hospital, staff and patient but fails to demonstrate disadvantages 

and problems that can arise. The use of automated equipment is discussed 

and its practical implementation is illustrated.

The installation of automated equipment has presented technical pro

blems under australian conditions which have not been evident in over

seas literature. The automated equipment has not been as reliable as the 

manufacturers claim and quality-control is still a problem. The capital 

investment is high and unless the equipment can be fully utilized the in

vestment does not appear to be economically justified. However with 

greater technological experience the initial problems will probably be 

overcome in the near future.

A Questionnaire on "Multiple Investigations" on admission to hospital 

was sent to 1,G00 doctors throughout the capital cities of Australia.

Three groups of doctors were selected representing Physicians, Surgeons, 

Residents and Registrars. The purpose was to investigate whether or not 

these sample groups of doctors v.-;re in favour in principle with the concept 

of "Multiple Investigations" on patients on admission to hospital. The 

Questionnaire contained various groups of tests from which the doctors 

were requested to select forty. From the tests recommended by the doctors 

who answered the Questionnaire a suggested "battery of Tests" was drawn up. 

Thirty-one percent of the doctors to whom the Questionnaire was sent re-



V

plied and of the valid questionnaires returned, seventy-two percent 

were in favour of multiple investigations on patients on admission 

to hospital*

A series of one hundred cases treated in the Repatriation 

Hospital, Concord, N.S.W. was studied. The investigation carried 

out indicated that if an "Admission Profile" consisting of the toots 

recommended in the series as drawn up from the Questionnaire and 

those tests which I considered reasonable and practical under 

Australian conditions, a possible 1.7 patient days per admission could 

be saved with an approximate saving of $360,000 per year. Patient 

care would be improved by the earlier confirmation of diagnosis and 

there was a possibility of the earlier discovery of additional 

conditions or abnormalities*

The method used in the implementation of an ADP System into the 

Pathology Department of the Repatriation General Hospital, Concord,N.S,’.V. 

is discussed. Ths ADP System will form the basis on which the future 

development of an Admission or Pre-Admission centre at this hospital 

will be developed.
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PR I-Fa Cl':

Society is becoming acutely aware of the many deficiences that 

exist in the Hospital Systems of most countries. Although problems 

are individual to the various countries related mainly to social, ethnic, 

political, economic and geographical differences, there are certain basic 

difficulties related to fundamental medical problems. The main object 

of this thesis is to examine how certain multiple investigations on 

admission (or pre-admission) may assist in the solution of one facet of 

the hospital care of patients, i.e,, in the establishment of a definite 

diagnosis as soon as possible after admission and the possible discovery 

of other asymptomatic abnormalities.

In an affluent society, such as in Australia, the individual looks 

towards better medical and hospital caie. Any method by which this can 

be achieved must be thoroughly investigated and encouraged and it is 

obligatory upon the hospital not only to keep abreast of modern trends 

and equipment but to keep foremost the concept of better patient care. 

Recenv literature suggests how automation, mechanisation and where poss

ible computerization of investigations on admission by the use of soph

isticated equipment, can produce considerable benefit to the patient, and 

by reduction of hospital stay, advantages to the community which provides 

this type of hospital care.

The Australian Society although affluent is still stratified with

different treatments and different investigations in the various strata,

tiiis is well demonstrated by recent literature on Aboriginal Welfare and
+

Medical and Hospital Benefits records. As well as strata variations,

+ J•.A.. P. 021. Oct.. 18. 1969. Social 6 Medical Administration.



mainly based on status and finance*there are other limiting factors 

such as geographic consideration, political factors and medical resour

ces which must be considered. All these should be understood when 

contemplating the introduction of Multiple Investigations on admission. 

However, the basic problems will be those of finance and co-operation.

Bio-Chemical profiles comprising multiple pathological tests on 

admission to hospitals are carried out routinely by various hospitals 

throughout the world. The principle of multiple investigations on 

admission or pre-admission to hospital is to expand this concept, tc 

cover a series of tests and investigations to help establish or confirm 

the diagnosis as rapidly as possible, to institute the appropriate 

treatment or evaluate the treatment already undertaken, to diagnose 

unsuspected disease and in general to provide better patient care.
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CHA PTIP. I,

A KKVILVJ OF ClPwRKNT LITlflATUlL

1._____INTRODUCTION

A review of the current literature shows that over the last 20 

years there has been a gradual trend in the larger hospitals towards the 

introduction and carrying out of multiple biochemical investigations 

related to new and more efficient medical equipment that has been devel

oped* Originally these investigations were few in number but now by auto 

motion and mechanizing every possible test the laboratories are producing 

metabolic and admission profiles performing as many as 60 tests on 

admission.

The literature reviewed indicates that only a few overseas hospi

tals have attempted a more extensive profile than a purely pathological 

one based on a series of blood tests. The reason for this is obvious. 

These teats can be carried out on a single sample of blood collected by 

one venepuncture. This concept should be acceptable even to the most 

conservative doctor, who is at present unable to see any medical advan

tage to multiple investigations on admission. Measurements may not 

only reveal the presence of disease or obstruction of organs of the 

body but can do so possibly before the physician could observe signs and 

symptoms•

The chapter shows the developing trend of biochemical profiles 

and the more recent development of electro-cardiograph and chest X-Ray, 

mass and selective screening methods, and how these can be incorporated 

into an Admission Profile. Spirometry is also briefly considered. The
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whole can then be automated by using data processing and computers.

The concept of "normal values’* is discussed and a new approach 

is shown to be indicated in our standard values.

The chapter in various areas shows the conflict between man and 

machine, indicating why this conflict exists and how it can be overcome.

The final section dealing with the Kaiser Foundation is included 

to show how the concept of multiple investigations on admission or pre

admission to hospital has been introduced into one institution in 

America.
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2, SCR.M-JJKU PROCLDtRES TN CLINICAL BIOCHCMISTRY

When a patient is admitted to hospital with symptoms of a disease 

it is natural to consider whether the disease could have been detected by 

investigation before the patient developed symptoms. This is of course 

bound up with the whole question of the early detection of abnormalities 

before the disease has produced symptoms and if such abnormalities have 

produced significant changes in blood chemistry. Although the early

detection and treatment of disease does not always lead to prevention or
(1)

cure, it is nevertheless a basic objective of medical practice. To 

this end screening tests are increasingly being used.

The original concept of metabolic profiles proved too expensive 

and it was not till after 1956 with the introduction of more sophistica

ted equipment which could carry out biochemical tests at overall much 

cheaper rate that the concept of biochemical screening has made steady 

progress. This has made revolutionary progress since the introduction 

of multi-channel Auto Analysers, hot only has the cost factor been 

reduced by as much as 75% in some tests but in others the vital time

factor in actually performing the test has been reduced from 24 hours to
(2)

4 hours.

The application of laboratory screening in antenatal and infant 

welfare clinics is well established. Conditions such as anaemia of 

pregnancy, pre-eclamptic toxaemia and congenital conditions are commonly 

investigated by the application of simple laboratory tests. More recently, 

cervical cytological screening techniques have been widely used for the 

detection of cancerous conditions.

In laboratory medicine the term "screening" is used in a variety'
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of contexts and has many meanings. The Commission on Chronic Illness
(3)

Conference on Preventive Aspects of Chronic Disease in 1957» defined 

screening ’’as the presumptive identification of unrecognised disease or 

defect by the application of tests, examinations or other procedures 

which can be applied rapidly. Screening tests sort out apparently 

well persons who probably have a disease from those who probably do not.

A sc.reornno test is not intended to be diagnostic. Persons with positive 

or suspicious findings must be referred to their physician for diagnosis 

and necessary treatment."
(4)

However, Wilson and danger (1967) pointed out that screening 

tests might be diagnostic even though not necessarily intended to be so. 

These workers emphasised that, by definition, unrecognised syptomatic as 

well as presymptomatic disease is included in the definition. The former 

being where a clinician has not correctly associated a patient's symptoms 

with a disease, whereas in the latter case the patient had a disease state 

but was not complaining of symptoms.

Screening takes 3 forms

1. mass screening, which involves large-scale screening 

of the population without selections of groups.

2. Selective screening, where only high risk groups 

are selected.

3. Multiple or multi-phase screening by combining single 

tests into groups.

This investigation is concerned with a combination of the second 

and third f or in s of s c r e en i ng.

The major part of laboratory investigation of patients is still
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based upon discretionary requesting techniques. In most hospitals the 

Junior medical staff who examine patients on admission request tests 

appropriate to a provisional diagnosis. Some clinicians add some 

screening tests which examine the functions of various physiological 

systems - for instance, qualitative urine analysis and determination 

of blood urea and haemoglobin.

Following the patient's examination by more senior members of

the medical staff and receipt of the results from the first discretionary

tests, other tests may be required which necessitate the taking of

further blood and its transport to the laboratory.

This process is diagramatically represented in Figure 1 and will

be expanded on later. (Page 25 )

Due to many developments in biomedical engineering particularly

that of tiie Auto-Analyser system by the Technicon Company, the analysis
(1)

is probably the cheapest of the various processes shown. The costs of 

transporting the specimens, and the report and data handling of the 

request are relatively high.

A natural development of tiie di screti onary tests system is to

take one specimen of blood immediately after the patient's admission,

have one transport and one data handling cost, and perform as many

tests as possible on that specimen. It is anticipated that the number
(2)

of tests in the near future will be as high as sixty, but between

twelve and twenty tests covers a very large proportion of those
(1)

normally requested in hospitals.



WARD — REOUES l
— DATA — ANALYTICAL — DATA — REPORT — WARD 

SPECIMEN process

FIG. I.

Fig. I. Sequence of events when performing discretionary 
tests.
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3.______MUTADCLIC KIGFIIXS

Results of a survey in two American Hospitals using 28 biochemical

tests in most cases showed that at least 3 in 10 patients admitted were.

harbouring an additional disease or an organ malfunction at such an
(2)

early stage of development that symptoms were not yet evident.

The performance of a large battery of tests on one 30 c.c. sample 

of blood can produce a profile from which the function of most body systems 

may be assessed, such as electrolytes (sodi.urn, p<otassiuR! chlorides, carbon 

dioxide), liver, pancreas, heart (bilirubin glucose, amylase, cephai.in 

floculation, thymol turbidity, alkaline phosphatase, G.OJ., L.A.T., crea

tinine phosphokinase) Proteins (Albumen Gamma, Beta, Alpha, Globulins), 

Kidneys (B.U.N., Creatinine, inorganic phosphorous). Thyroid and para

thyroid (P.B.I., T-3, Cholesterol, Ca., P. Aik. phos) storage diseases 

(Uric $cid. Cholesterol). To rule out technical errors in these hospi

tals, clinical chemistries were always repeated and therapy checked 

before a diagnosis was confirmed.

Fig. 2 is a typical metabolic profile produced at an American 

Hospital.

Small hospitals will not be able to afford, nor will they have 

the demand for, the sophisticated laboratory equipment which is contin

ually becoming available. All the.larger hospitals will have it by 

necessity and not by choice. With modern methods of communication it 

will be a simple matter for the laboratories of major hospitals or 

centres to carry out the '‘routine" investigations for the smaller hospi

tals and to return their profiles or pattern study results.

There is no doubt that smaller hospitals will continue to have a
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pathologist on call for emergencies and some routine tests. However, the 

vast, majority of these tests will be carried out in the laboratories at 

major centres or a pathology centre not necessarily attached to any 

hospital .

In Germany research has been directed towards:

1. Reducing length of stay in hospital,

2. Effecting savings and overcoming financial difficulties.

3. Overcoming staff shortages.

The above three points should be viewed within the individual

hospitals and groups of hospitals so as to avoid duplication and increase

efficiency without affecting the quality of treatment given. This can

be done by installing modern, centralised, labour-saving equipment in

Pathology departments of appropriate si^e and by adopting efficient
(5)

methods of co-operation and administration.
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4._____ TUI- BIRMINGHAM EXP MI IMFNT1}

In 1967 an investigation of admission Biochemical Profile tech

niques was started in Birmingham by the Ministry of Health. The project 

was housed in a specially built laboratory with a total floor area of 

543 square feet.

The aim of the project using single channel Auto-Analysers was to 

gain information on the following aspects of hospital admission bio

chemical profiles.

1. The cost of performing "multi-biochemical" tests.

2. The effect on patient bed-stay, routine laboratory 

workload and other clinical services.

3. The problems of staffing a laboratory solely devoted 

to such techniques.

4. The number of new or additional diagnoses which results.

5. The number of unexplained abnormal results produced.

6. The effect of the project on the interpretation of 

bio-chemical results.

It was decided that biochemical profiles on in-patients would best 

serve the purpose. There are difficulties in using out-patients. Blood 

specimens would have to be collected under non-standard conditions with 

regard to diurnal variation, the time since food was last taken, and 

posture of the patient. In addition, it would be difficult to assess the 

effect of such a procedure on in-patient laboratory investigation, other 

hospital services, bed-stay and subsequent treatment of the patient. Both 

medical and surgical cases were used in the survey. For practical purposes,

it was decided to only collect specimens from new admissions to seven of
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the wards in the Queen Elizabeth Hospital, Birmingham,

Sixteen biochemical determinations were initially chosen.

Glucose

Creatinine

Urea

Sodium

Pot as si sun

Total CO2 content

Albumin

Globulin

Alkaline phosphatase 

Bilirubin

Zinc Sulphate Turbidity

Calcium

SCOT

Iron

Uric acid.

Cholesterol.

Two determinations were later removed from the group; the total 

carbon dioxide content, was removed because of difficulties in the correct 

collection of samples coupled with the inaccuracy of the Auto-Analyser 

technique in this application, and the zinc sulphate turbidity was dis

continued because of the low yield of information from the test.

Specimens for haematological investigation were taken at the same

time.
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Afsessi iki 1 lie Pro i cct.«.

Initial evaluation of the scheme was by completion of a questionn

aire on every patient by the clinician who was either the consultant or 

registrar concerned with him. These were sent to the clinicians at weekly 

intervals over a period of eight months. The following are the relevant 

sections of the profile results.

"Would you normally have requested this determination on this 

patient?" had to be answered on all the tests. The clinician was asked, 

if the result was abnormal (that is. outside the limits in Table 1.) to 

place it in one of three categories;

1. An unexpected abnormal result.

2. An unexpected abnormal result leading to a new or 

additional diagnosis.

3. An abnormal result, unexpected and unexplained at 

the time of completing the questionnaire.

In defining a test as abnormal the criteria were as set down in 

Table 1.

ANALYSIS (.-W REHLIlib

Of the first 2,166 questionnaires, 95.6% (2,071) were analysed.

The results are shown in Table II, this lists the total number of analyses 

for each determination on these 2,071 patients. It shows how many of the 

tests would normally have been requested, and were found to be within the 

normal range. Also shown are the tests which would not normally have been 

requested, and these are divided into four categories;

1. Normal.

2. Expec t ed abnormal.
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CRITERIA USED FOR MARKING A RESULT AS ABNORMAL

Determination Units Greater than Less than Determination Units Greater than Less than

oncost 
(1-2 hours 
post-prandial)

mg./100ml ♦ 150 50 ZINC SULPHATE

TURBIDITY

SHANK-HOAGLAND
UNITS

12

CREATININE mg.MOOml 1.3 ALBUMIN g./IOOml 3.3

CRE A mg./' 100ml 45 GLOBULIN g./100ml 3.5 2.0

SODIUM mliq./L 147 134 CALCIUM mg./100ml 10.5 9.0

POTASSIUM mfq./L 5.0 3.6 SCOT FRANKLL UMTS 35

TOTAL C02 mEq./L 33 24 IKON 200 60

A LK. PHOSPHATASE. K.A.UNI 1 S 14 URIC ACID mg./100ml females 7.0 
MALES 7.5

HIUKUiMN m^./lOOml 1.0 CTIOLLSI l KOI. 300 100

TABLE I.

Table 1. Criteria used in the project for marking a patient's results as 
being abnormal.

The normal limits used on the above criteria were mainly based on the work 
of Roberts (1&>7) in Birmingham, using Auto Analyser methods and specimens 
from blood donors selected in a random fashion.
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NORMALLY NOT NORMALLY REQUESTED

Grand
Total

REQUESTED
ABNORMAL

Test Total Total
Normal

Total Total
Normal

Total
Expected

Total
Diagnostic

Total
Unexplained

GLUCOSE 2069 258 200 1811 1630 25 33 123

CREATININE 2071 307 223 1764 1620 73 12 59

UREA 2068 1342 1139 726 702 5 4 15

SODIUM 2070 1336 1253 734 703 3 0 28

POTASSIUM 2067 1332 1181 735 701 3 3 2S

TOTAL C02 1054 119 89 935 869 16 4 46

ALK. PHOSPHATASE 2063 306 199 1757 1612 37 13 95

BILIRUBIN 2068 237 177 183! 1722 18 9 82

ZN.S04 TURBIDITY 1452 86 75 1366 1338 9 3 16

ALBUMIN 2064 535 409 1529 1485 17 7 20

GLOBULIN 2070 539 409 1531 1363 44 10 . 144

CALCIUM 2069 2-12 170 1827 1660 30 15 122

S.G.O.T. 2064 161 109 1903 1869 16 4 14

IRON 2065 136 57 1929 1482 192 72 183

URIC ACID 2066 7! 54 1995 1846 59 23 67

CHOLESTEROL 2059 229 182 1830 1705 29 13 83

TOTAL 31439 7236 5926 24203 22307 576 225 1095

1 orals a.c Percent of Grand Total 23.0 18.8 77.0 71.0 1.8 0.7 3.5

lest Normally Rei/uestetf us Percent of Total 81.9

Tests Mot Normally Rei/nestei! as Percent of Total 92.2 2.4 0.9 4.5

TABLE 2.

Table 2. Results from analysis of questionnaires.
Compiled on 2166 patients in the Birmingham experiment.



3. Abnormal leading to a new or additional

diagnosis.

4. Abnormal, unexpected and unexplained at the 

time of completing the questionnaire.

"The table shows that on the 2,071 patients. 31,439 tests were 

performed. Of these 77% (24,203) would not normally have been requested. 

For individual determinations there was a wide variation in the percent

age of patients that would not normally have been tested for serum uric 

acid, while 35% would not normally have had urea and electrolyte deter

mination .

Of the 7,236 tests that would normally have been requested 01.9/.. 

(5,926) were normal; while of the 24,203 tests that would not normally 

be requested, 92.2% (22,307) were normal. 2.4% (576) were expected 

abnormalities. 0.9% (225) were unexpectedly abnormal but led to a new 

or additional diagnosis, while 4.5% (1095) were unexpectedly abnormal and 

could not be explained at the time of completing the questionnaire.

Examination of the individual determinations shows that of the 

225 results that would not normally have been requested but led to a 

diagnosis, nearly half (105) were either glucose or iron, while of the 

1,095 results that would not have been requested but were abnormal, un

expected and unexplained half (542) were in one of four determinations: 

glucose, globulin, calcium or iron.

An unexpected abnormal result that would not have been requested 

normally occurred in 42.9% (808) of the patients. In 8.3% (172) of 

patients there was a diagnostic result that would not have been requested, 

but in 36.1% (748) of patients there was an unexpected abnormal result



not explained at the time of completing the questionnaire."

RESENTS OK Tilt: PROJECT.

Some interesting conclusions have already been reached.

A complete costing of the analysis shows that all the tests can 

be performed on a patient at a low cost which could even be considerably 

reduced with a larger unit having a higher output.

The effect on bed-stay and other clinical services has not yet been 

assessed. The routine laboratory workload has decreased, and the number 

of secondary biochemical determinations resulting from preliminary 

screening has not over-loaded the routine laboratory.

In respect of personnel the project has been most successful, and 

the staff enjoy working in a laboratory which is almost completely 

automated♦

In this report no distinction was made between a diagnosis of 

little clinical significance - such as diabetes mellitus in a patient 

dying of carcinoma - and a diagnosis changing the clinical management of 

the patient. A number of the patients are being followed up in order 

thar tlia significnar.ee of results which were abnormal and unexplained may 

be assessed later.

DEFINING NORMAL AND ABNORMAL.

The investigation conducted in the Birmingham Experiment has 

demonstrated the usefulness of hospital biochemical admission profiles 

in the detection of unrecognised symptomatic disease. It has also high

lighted the problem of defining normal and abnormal values. About one- 

third of the patients had unexpected and unexplained abnormal results.

Our present concepts of normal values are of limited use. Rarely is the



19

distinctly separated bimodal distribution of normal and abnormal shown in 

Fig. (3), realised in laboratory investigation. More frequently, the
(4).

situation shown in Fig. (4) is encountered (Wilson and Junger, 1967).

A larger number of our unexpected, unexplained abnormal results fall in 

the borderline areas of the distributions. Computer analysis showed 

that these results were significantly more frequent in patients in the 

older age groups - that is those over 50 years of age. Table (III) shows 

the age distribution.

It is of interest to note that 60% of patients admitted to hospital 

wards and surveyed were above 50 years of age, and there were twice as 

many men as women.

Vie now appreciate that the "normal" cannot be accurately defined by

one distribution curve, because many biochemical values in blood alter

with age and sex. This concept is continued on Page 20
A v

5.._____ Ttii, CCNCLPT OF CCATIFUObS FLOW ANALYSIS.

” The unprecedented economies of extensive serum profiling,the in

crease in reliability of the data obtained with automated instrumentation 

and the facilities for providing not only early detection of incipient 

disease prior to symptomatic manifestation but also establishing and 

maintaining individual serum component level as bases for early detection

of the onset of asymptomatic chronic maladies, accentuate the importance
ti(6)

of multi-phasic investigation."

"The commercial availability of the Auto Analyzer and the advent of 

multiple analyses has permitted the Clinical Chemistry Laboratory to carry 

out, on a routine basis, many procedures that would not have been ordered
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BIMODAL DISTRIBUTION OF NORMAL AND ABNORMAL.

N C * “ A l •

FIG. 3

BIMODAL DISTRIBUTION OF NORMAL AND ABNORMAL AS 
CONSIDERED BY WILSON AND JUNGER.

N O« m a l

FIG. 4



!
AGE DISTRIBUTION OF PATIENTS IN THE PROFILE SURVEY

Age Croup 
(years inclusive)

Females
No. %

Males
No.

'° .

Combined
No.

10-19 61 2.0 S2 2.6 143 4.6

20-29 146 4.9 132 4.4 278 9.3

30-39 163 5.4 146 4.9 309 10.3

40—49 226 7.6 273 9.1 499 16.7

50-59 262 8.8 458 15.3 720 24.1

60—69 228 7.6 459 15.3 687 22.8

OVER 70 138 4.6 215 7.2 353 11.8

TABLE 3.

Table 3. Age distribution of patients in the survey



a few years ago. The concept of continuous flow analysis has been uni
fy) (8)

versa!ly accepted, and its impact on clinical chemistry is now history"

World wide application of this instrumentation to clinical chemical 

analyses produced a tremendous increase in the output of laboratory data, 

and it soon became apparent that the analyses themselves were now a minor 

part of the workload. Serious clerical and logistical problems associated 

with sample collection, identification, preparation, sorting and loading, 

and tabulating and reporting results became apparent.

The following sequence of events occur in the non-emergency sit

uations where the ordered tests will be performed on the following day. 

(using auto-analyzers).

1. The doctor requests analytical tests through the 

patient's chart which are then transcribed on 

requisition forms at the nurses’ stations.

2. The forms are delivered to the laboratory throughout 

the day until all analytical test requistions are 

delivered to the laboratory by sometime in the

late evening.

3. The following morning sorting of requistions. equitable 

set-up, and distribution of work among the technicians 

is accomplished.

4. The actual bedside and laboratory sample collection and 

immediate identification of patient and tests are per

formed, and all samples are transported to the laboratory.

5. This is followed by sample preparation.
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6. The samples are then divided into sub-samples depend

ing on the number and kind of tests to be run. bach 

sub-sample is poured into a separate Auto Analyzer 

sample cup, with one cup for each test.

7. Identifying 1istsdesignating samples to be analyzed 

by each method are prepared. This obviously requires 

a separate trav as well as a separate log list for 

each test.

8. The sample trays are placed in the appropriate Auto 

Analyzers for analysis.

9. Test results are calculated from the appropriate 

analog curves and correlated with the correct sample.

10. Transcription of tlie data to the log lists is then 

accompli shed.

11. Patient summary records, which represent collation 

of the data for any one patient from several log 

lists, are then prepared and returned to the request

ing physician.

One major company in the health care field reports that there is

one chan£e in six of tJiere being a clerical error involved in the 30
(9)

human steps associated with ordering and processing of an X-Ray. It 

would be interesting to know the error probability associated with the 

significantly more complex task of serum biochemical analysis. In add

ition to the significant error probability, results are generally not 

reported until the end of the day when they are all available. The 

physician, therefore, ,vould oft.,,, ... ^ reSUltS U"tU the followin«



day (that is, three days after requesting them - See Fig. (5))
(1)

6._____ SFOUFMIAL MULTIPLi! TLSTS.

The concept of sequential multiple analysis developed where 

multiple tests were performed simultaneously from a single serum sample. 

All tile test results are recorded sequentially on a single sheet of record 

er paper in direct concentration terms. Fig. 6 shows an example of an 

actual recording produced by a 12-channel sequential multiple analyzer.

The paper is precalibrated in concentration terms for each test, 

and the normal area for each test is shaded in grey allowing immediate 

recognition of abnormal results. The paper is also perforated so that 

tiie complete series of 12 tests (or "biochemical profile") for each 

patient may be torn off and attached to the actual patient record.

SUMMARY OF ADVANTAGES OF SFUbFiYTIAL MULTIPLE ANALYSTS.

1. The physician's power of observation is extended. If an admission 

profile is performed on every patient who enters the hospital, the 

physician has a better basis on which to judge each patient.

2. A biochemical profile is available even on "slat" or emergency 

samples within 39 minutes of the time that the blood is drawn. This is 

an obvious advantage at night or on weekends when the laboratory is not 

completely functioning. However, this is dependent on a multi 12 being 

available and set up and ready to run.

3. Immediate recognition of the degree of divergence from normality 

of results of the 12 tests is possible, since the chemical profile on 

each patient is provided in graphic form.

4. Reliability of the results is greatly increased since many of the
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previously described tcdious manual steps asz>ocia 1 ed 11ti the a n a .1 y s is, 

such as requesting, scheduling, collecting, sorting, identifying, analy

zing, calculating, transcribing, collating and reporting are obviated 

along with their inherent susceptibility to human error,

5. The economic advantages are considerable, not only in terms of 

cost per biochemical profile, but also in terms of more efficient utili

zation of hospital beds and physicians* time. Consider that:-

(a) Rapid feedback of laboratory information may obviate 

the need to hospitalize patients pending diagnosis.

(b) Profiling increases the diagnostic capacity of an 

outpatient clinic by allowing more diagnoses to be 

made on the basis of one visit alone. This is 

particularly true in the present situation where 

laboratory findings are inconclusive and result * 

in the need for further testing.

(c) The length of stay of the average patient may also 

be reduced for the same reason and this is an im

portant economic advantage.

(d) As previously demonstrated, the Birmingham Baptist 

Hospital, among many others, provides a metabolic 

profile of 28 chemistries on every patient prior to 

admission. This profile, which is based on an SMA 

12, is provided at a low cost to the patient.

6. Increased testing as a result of admission profiles has conclusively 

been shown to result in earlier detection of disease.



7. Disease which is detected in the pre-clinical phase may be treated 

at a lower therapeutic cost which probably decreased hospital stay and 

less suffering to the patient.

Until recently, however, there was no guarantee that the added 

value of unrequested information justified the expense. Approximately a 

dozen qualified workers undertook the task of objectively assessing the 

value of this information if gathered as an admitting procedure in a med

ical centre or hospital. Without exception, their views are reflected in
(10)

the conclusion reached by Bryan, et al. "The experimental evidence

collected demonstrates that sufficient unexpected data are discovered by 

this procedure to more than justify the new role for clinical chemistry, 

and that multichannel analysis is economically sound when applied in an 

appropriately demanding environment."

X._____ TUB "NORMAL RANGL. "

The "Normal Range" can be considered as the most useful as a

standard of comparison for a given patient’s laboratory result when it is

derived from a homogeneous subpopulation closely matched to the patient
(11)

for age, sex, and living habits. Some test values, notable urea nit

rogen, cholesterol, and globulin, change with advancing age. The change 

seems to be due to the inadvertent inclusion of abnormal values in the 

preparation of the normal range. This is probably because it is more diff 

icult to select older individuals for optimum health. Many apparently 

healthy older persons are probably suffering from a subclinical form of 

degenerative disease.

Physicians make diagnostic decisions based on clinical laboratory 

results. There is often no good set of criteria by which the decisions
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are made. In most cases, patient values are interpreted as "normal or 

abnormal on the basis of published "normal range," Since "normal 

ranges" in use today are nearly ail derived from small groups of persons 

inadequately selected for age, sex and other variables anc! since most of 

them include values from patients who are not "normal" in the sense of be

ing healthy, the ranges are often unnecessaryly broad or all-inclusive.

They are further modified by the physician who is influenced by his degree 

of confidence in the laboratory, his experience and the additional know

ledge he may have about the patient.
(11)

Specific difference between groups can be listed as follows:-

1. Young males differ from young females in having higher levels for 

serum urea nitrogen, creatinine, alkaline phosphatase, cholesterol and 

uric acid. Young college-student males have the highest mean and widest 

distribution of levels for uric acid of any group tested, a finding not 

present in young male hospital employees. Throughout, frequency distrib

utions for uric acid levels for males and females overlapped only slightly 

the differences being the most obvious in the non-institutionalized younger 

subjects. The age and sex-related difference in uric acid values was one 

of the most striking findings of the study.

2. Older males differ from older females in the same way that younger 

males differ from younger females, except that differences are less marked 

and disappear in the case of levels for alkaline phosphatase, while serum 

cholesterol rises to even higher levels in the females.

3. Younger and older females from the same institutional environment 

differ in that the younger ones have lower levels for serum glucose, urea 

nitrogen, alkaline phosphatase, and cholesterol. Uric acid levels were
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found to bo much the same at all ago levels among female subjects but 

were found to vary somewhat with the environment. The older institution

alized males are more similar to older institutionalized females than non- 

institutionalized males are to females. This suggests a stabilizing eff

ect of uniform diet and living habits.

4. Different subpopulations vary enough in mean values and breadth of 

frequency distribution so that age and sex differences are sometimes re

versed. For instance, an optimally healthy group of young male blood 

donors lias a dramatically higher range of serum uric acid values than any 

other sub-population and a urea range comparable toolder female diabetic 

risks and older male mental patients.

CCTmlhiyr.

The age and sex differences described have already been documented.

A 'number of differencesin level for serum urea nitrogen and albumin from 

one group to another seem to be quite obviously related to the consumption 

of an institutional diet. Some difference in levels for glucose and in

organic phosphate are due to artifacts of specimen collection. Neverthe

less, even when one compares subpopulations from within the same institution, 

there are potentially useful differences in the frequency distribution of 

their laboratory results.

The findings illustrate that there is more than one normal range.

A normal range derived from a peer group will be narrower than one 

derived from the population at large. Hence, a given laboratory value 

can be a more sensitive indicator of disease if it is interpreted from 

the point of view of the subpopulation. For example consider a patient 

with a scrum urea nitrogen value of 21 mg/100 cc. This value is "abnormal"

in 10-year-old girls, but it must be accepted as not unusual in middle-aged
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psychiatric patients. The same concept applied to ambulant subpopulations 

screened for degenerative disease, can discover many potential abnormal

ities missed when conventional normal ranges are applied. Ideally, each 

patient should serve as his own "normal range", being measured periodic

ally as he progresses from health into disease. Studies in determing
(12)

individual profiles are in progress at several centres.

0. CUMULATIVE RECORDS.

The ease with which laboratory records become available to the 

physician is an important consideration when considering the time he has 

to devote to patient care. A glance at a cumulative report as in Fig. (7 ) 

shows the trend that is developing as a pattern emerges from a series of 

repeated tests and may indicate or confirm a specific disease. The elim

ination of the necessity of going through pages of reports is a distinct 

advantage.

The hospital and the patient also gain from a reduction in the 

amount of testing required; this is done by eliminating excess and duplic

ation of tests as the physician can see at a glance what tests have been
(13)

done and seeing what further testing is unnecessary.

Amongst Sydney Hospitals, cumulative results in chronological order 

on one sheet are being produced. This is done by adding each day's results 

to the profile. This is initiated on admission then each new result is 

added to the profile and photostated. Figs. (7) (0) & (9) shows a typical 

American and Australian report sheet.

9. DISEASE PATTERNS GRAPHICS.

In an anlysis of 4,000 chemistry graphs using a Technicon 12/60
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(14)
certain patterns were apparent. These patterns may be an indication

of specific diseases or provide clues that will indicate what further 

tests should be performed.

For example, patients who suffer myocardial infarctions have higher 

levels of serum glutamic oxaloacetic transaminase and lactic dehydrogenase. 

Physicians, of course, know this, but sometimes do not appreciate how 

quickly these enzymes rise and how long they remain elevated. Transam

inase goes up six to twelve hours after chest pain starts, peaks at 

twenty-four hours, and usually drops to normal in four to five days.

Lactic dehyrogenase may not rise for twelve hours, reaches its peak at 

two to three days, and may not descent to normal for ten days to two 

weeks. By using two enzyme tests, physicians can better gauge when in

farction occurred, how extensive it is. and whether it is progressing 

(Fig. QO)). Also graphs may show if the patient is hyper-choJesterolemic. 

diabetic, uremic, or if he has a congested liver with abnormal function ■ 

tests. (Figs. (11), (12). (13)). This information may help the doctor 

to assess the patient's prognosis and manage him later.

JO. TUB TMROBL'CTTON OF DATA !3C>MESSING AND Till- C0,1PUTFR.

It lias been said that clinical chemistry is the fastest growing of 

the health sciences, and in most large hospitals, the annual number of 

clinical chemical tests lias doubled every five years since 1946. The 

technological explosion of the last sixty years has kept pace with, or

surpassed, the population expansion; and the clinical chemistry lias riot
(6)

lagged behind.

Technology in general and the computer in particular are helping 

lift a tremendous burden off the shoulders of clinical pathologists. By
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Cholestatic Hepatitis Pattern
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Liver Mctastascs Pattern

FIG. 13

Fig. 13 - Graph on left shows serum changes .in a 29-year-old woman who 
had serum hepatitis after transfusion. Serum graph on the right was 
from a 57-year-old woman with colon cancer which had produced large 
nodules in the liver. When metastatic masses occupy a large part of 
the liver, both lactic dehydrogenase and alkaline phosphatase usually 
go up.
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creating unique instruments and systems they are giving promise of bring

ing both a staggering work load and the paper work associated with it

under control. The amount of work growing over the past decade has been*
(15)

expanded into enormous dimensions by five major considerations.

1. The recognition that the important scientific advances made in 

laboratory medicine represent valuable adjuncts to the diagnosis and 

treatment of disease. As a result, there is an increasing reliance upon 

and an enhanced demand for large numbers of laboratory tests which are 

becoming increasingly complex and difficult to perform.

2. An insufficient number- of adequately trained or experienced person

nel able to perform these procedures accurately, precisely, swiftly and 

economically.

3. The use of relatively archaic methods of clinical laboratory 

management, the retention of obsolete technical procedures, and, the ex

istence of small cramped hospital laboratories.

4. The scanty budgets and unattractive salaries for professional and 

technological staffs which restrict entry into this field of people with 

talent and strong motivation.

5. Increasing public and professional concern with unsatisfactory 

levels of laboratory accuracy.

Modern improved instruments can produce more test results, in less 

time more cheaply, using less manpower of lesser technical training and 

operating in smaller spacesi the number of measurements has risen so 

precipitously that it threatens to inundate clinical pathologists and 

physicians. Procurement of large numbers of specimens and the clerical

procedures necessary to prepare them for testing by automation pose sig-
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nificant problems in maintaining proper identification of the specimen, 

of the patient, and of the test desired. The accuracy of calculations 

and the correctness of the final test results are put in question because 

of the enormous amount of necessary clerical effort which still is carried 

out slowly and inefficiently. As a consequence, an imbalance in laboratory 

operations has developed, the automation of instrumentation not being 

matched by a similar increase in automation of information handling.

This imbalance threatens to cancel or diminish the advantages accruing 

from the technological advances in instrumentation.

The resolution of these problems, therefore, requires additional 

technical support, precedent for which already has been established in 

industry and research, namely, the introduction into the clinical labor

atory of data processing and of the computer,

13, COM PUT iiRS ANT) HOSPITALS.

Computers of one kind and another are almost commonplace nowadays

in industry, commerce and the sciences. However, computer exploitation

has lagged to some extent in medicine, there is no doubt that we are on

the threshold of wide ranging developments in practically every field of
(16)

hospital work.

In Australia, we are behind the Unites States of America and the 

United Kingdom in using computers in our hospitals but recent events 

point to an acceptance of the use to which computers can be put.

In considering computers it is important to consider two types - 

the digital computer and the analogue. The basic difference between 

these machines is that the riiqjta 1 computer counts and the analogue 

computer measures.
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EPICAL APPLICATION.

The range of applications of a purely medical nature is small when

applied to medical diagnosis and treatment. It has been said that less

than 1% of medicine is calculable but a great deal of medicine is involved
(10)

with raw and processed data.

Some medical applications include:-

Computer assisted daignosis (and this includes ELG 

and LOG wave form analysis).

Pathology Laboratory Tests reporting.

Radiotherapy calculations.

It is the medical application of computer which has, perhaps, aroused the 

greatest controversy especially in diagnosis. The Physician is inevitably 

limited to his cwn experience of disease and what he can remember from 

the literature. He is under some pressure to make a diagnosis as rapidly 

as possible and could be greatly helped in this process if lie could be 

provided with access to a matrix of all known signs and syndromes of 

disease and up-to-date experience of the occurrence of symptoms. Given 

access by telephone, for example, to such a computer matrix he would state 

the observations he has made, and the computer would then print out six 

diseases, say, in order of probability.

There are assumptions made to achieve such a result, and complica

tions arise due to specificity and weighing. Nevertheless, this could be 

a powerful diagnostic aid - particularly where a rare disease may be in

volved. Clinicians tend to assume that the introduction of such procedures 

are a gross interference in the doctor-patient relationship in that ’’auto-
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malic*' diagnosis will eliminate the diagnostician. This reaction springs

from lack of understanding of the statistical techniques involved* but
(17)

it may be some years before this is a developed application.

COMPUTE MULTI-T1-STING.

It seems entirely possible that one might wish to vary the tests

which were included in a multi-test battery depending upon the geographic

ethnic and environmental factors which establish specific disease risk
(18)

factors at any particular test centre. This would not in any way 

affect the value of the computer in correlation and recording the results* 

it would only affect the programming and interpretation of results.

As shown, there is the likelihood that disease or dysfunction may 

be detected by taking into account patterns or combinations of test 

results. There is evidence that computer can recognize patterns or com

binations of results as significant, even though the constituent results 

might not be significant if considered individually. This could be an 

important aspect of computer inspection of multiple laboratory measurement.

Others have noted in dealing with computer interpretation of electro-
09)

cardiographic measurements and other diagnostic processes that there 

is considerable redundancy in traditional measurements. This suggests 

that it may be possible to eliminate some of the measurements or labor

atory determination which now seem necessary. This has not yet been con

firmed .

A hopeful aspect of multi-test screening is the likelihood that 

the establishment of baseline values for an individual will make subse

quent deviations from the baseline during disease more easily detectable.
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One investigator has stressed that the concentration of blood

constituents varies less within time for a single person than within
(21)

a population at any moment in time. This lias already been shown
(10)

with respect to serum cjlutamic-oxalacctic transaminase. This fact

as previously shown can be useful in early recognition of myocardial infa- 

rcation and other diseases. Previous baseline data which can be retrie

ved by a manual or computer system can be invaluable in this regard.

Developments in this area will owe much to the concepts of "Biochemical 
(21) (22) 

individuality” and of the "Chemical fingerprint."

Systems must be selected which allow the test batteries to be 

altered based on the needs of the individual hospital and type of patient 

It seems unlikely that maximum value can be derived from pre-admission 

testing unless the data is processed and disseminated and made retriev

able by electronic computer systems.
- v

12. PROBLEMS IN ALTERING ESTABLISHED PROCEDURES AND THE INTRODUCTION 
OF DATA PROCESSING INTO LABOR AT CRIES.

At U.L.C.A. Hospital in Los Angeles responsibilities for designing, 

testing, and implementing the automated collecting and reporting procedur

es resides in the hands of the laboratory director. Successful attempts 

to alter the established pathways of medical communication require the co

operation and full support of the medical personnel in charge. So, work

ing with their own personnel, and with the assistance of research funds 

that permitted them to perform initially the automated data handling pro

cedures in parallel with established methods, they passed successfully

from skepticism on the part of the production personnel through tolerance
(23)

to full acceptance.
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Experience in the clinical laboratory demonstrated clearly that 

it was possible to persuade associates and employees to try, for a limit

ed period, new methods as a personal favour to management, but no long- 

sustained effort towards acceptance of new techniques can be expected 

unless the individuals involved in the day-to-day manipulation of data 

soon receive some tangible benefit as compensation for the effort that 

is initially required to effect change of any kind.

Even though the anticipated long-term objectives are desired and 

shared by many persons and the methods to be employed can be demonstrated 

to be potentially superior, the momentum of established procedure is an 

ever-present deterrent. Resistance to change, often only passive in its 

expression but almost universal in its distribution, easily can be lethal 

to the best plans. Change must be coupled with demonstrable benefit for 

those involved if voluntary association in an effort of this type is to 

be sustained. For this reason, the hospital embarked initially only 

upon those changes that would aid the clinical laboratory. In so doing 

an effective communication system was developed that served the entire 

hospital, but did not create extra work for the laboratory people in 

order to achieve these objectives.

Cnee benefit becomes evident and compensation is at hand in return 

for effort required to effect change, a second powerful human trait be

comes apparent, i.e. the comparison between new and old, between the 

progressive and backward method, and between computer-controlled printing 

and handwritten document. The individual realised the personal advantages 

and improved patient care that results from the use of automation and the 

integral part lie lias personally played in it. The automated data-handl-
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ling techniques in the clinical-chemistry laboratory were of necessity 

developed test by test, rather than applied simultaneously to all 90 

tests. Some technicians soon were in the forefront of the new era and 

others were held back on the sidelines awaiting their turn. Although 

it had been originally intended to develop only a small segment of the 

clinical chemistry data processing as an experimental demonstration, it 

soon became impossible to proceed along these lines. As the new system 

began to work, those left with the old insisted upon inclusion. Within 

a few months, it was necessary to go from a cautious pilot demonstration 

to a full-scale conversion of the entire clinical chemistry section.

THE LiSLOF PUNCH CARDS IN LABOR ATOP, ICS.

Because the availability of qualified personnel has not kept pace 

with the ine reused demand for laboratory service, the Laboratory Direc

tor, Department of Pathology, Conemaugh Valley Memorial Hospital, U.S.A. 

has had lo search for new methods of increasing the effective productiv

ity of his staff. Some efficiences have been achieved with automated 

chemical procedures, but in most laboratories, these automated techniques

have not permitted concomitant economies in the clerical aspect of the 
(24)

analyses.

It is evident that process control computers, will be found in many 

laboratories as a partial solution to the data handling problem, but the 

many difficulties attendant upon the establishment of such a system have 

precluded widespread installation.

The Director's decision to pursue a punched-card system as the 

first step in the automation of laboratory data handling was based upon
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the realization that substantial amount of systems analysis would be

required before any automated system could be instituted. The manual

data handling system in use at that time permitted many opportunities

for human intervention that would not be acceptable in an automated

system, and it seemed that a punched-card system would be an economical

first step toward overall automation.

Laboratory data processing systems employing punch card unit re-
(25) (26) (27)

cord equipment can be used. While the systems offered

definite advantages over manual systems, they had several disadvantages, 

which, while perhaps not apparent in the environment in which the systems 

were developed, would seriously compromise acceptability in a community 

hospital.

The laboratory reporting system was developed with several con

straints: the omission of any of which would affect its acceptability.

1. The system would have to be patient oriented, i.e. it should be 

capable of presenting laboratory data in a format that would be signifi

cantly more useful to the clinician in his evaluation of the patient's 

status, than the method in present use. This pre-requisite for clinical 

usefulness meant that the system must not delay the reporting of labora

tory data and that the data should be presented in a summarizing format.

2. The system should not be significantly more expensive to operate 

than the former system, although it was recognized that additional costs 

would be acceptable if significant benefits could be obtained.

3. It should be a simple task for the nurse to request a laboratory 

service. Because the nursing staff includes many part-time employees.
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the director elected not to generate a machine-processable requisition at 

the nursing station. Acceptable input to the system would be ensured by 

doing their own key punching, (by personnel familiar with the procedures).

4. The operation of the system should not require highly trained data 

processing specialists but should be operable by personnel familiar with 

laboratory activities.

5. The system should not require additional participation of bench 

technologists in data processing activities. Hopefully, a new system 

might reduce the clerical burden of the technical staff, thereby increa

sing their productivity and efficiency.

6. The system should reduce the need for transcription and the atten

dant opportunities for error.

7. The system should be capable of producing appropriate records for
•* L

billing and statistical reports.

The -System

A detailed study of the System introduced at this Hospital is in 

Appendix I Cl./l/l to Cl/1/6
l

evaluation of the System

"The system has many advantages over a manual reporting system.

First the installation required a complete systems analysis of departmen

tal operations, the result of which indicated that closer control should 

be exercised in some areas and less in others. Second, we feel that the 

system has permitted closer control over clerical errors. Since all reports
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are now checked before being sent to the floor and because inexplicable 

day-to-day variations are immediately apparent, the technical staff knows 

that a confirmation will be expected before a report will be released. 

Because of this, they have become much more alert to abnormal values 

and insist upon checking their results with another technologist before 

releasing them for key-punching. Errors due to equipment malfunction 

have been rare. "

" Perhaps the greatest advantage of the system is the presentation 

of data in a summary format. Not only does it assist the clinician in 

following serial studies and seeing subtle trends in his patient's data 

but also affords the pathologist greateropportunity to review each report, 

cull out unexplained variations, suggest additional studies, or offer an 

opinion regarding interpretation. The laboratory report thus becomes a 

more powerful tool in the care of the patient. " <.

" The di sadvaAtagcs of the system centre about the cost of operation. 

Since the decision was made to keep this function under the control of 

the laboratory, it is difficult to spread the costs over other hospital 

departments.

"With approximately the same level of personnel effort and about 

twice the expenditure for equipment, the data processing needs of the 

entire hospital could probably be met. The system has not significantly 

reduced the clerical effort expended by technologist although significant 

diminution of effort has been achieved by the nursing personnel responsible 

for placing the reports on the medical record and thos responsible for the 

compilation of statistical reports."

" This sytu,n offMS ^vantages tliat outweigh the disdavantages. Its



establishment lias been an invaluable first step on the way to computer- 

i zed .1 ab or a t or y r e p or t i ncj a nd w i J1 ma k e s ub s e q u en t s t e p s m u c h ea s i er a nd 

more intelligent than would have otherwise been possible*"

The itse of punch cards and summary formats are an integral part 

of multiple investigations upon admission to hospitals and whilst they 

may not be originally incorporated in the initial stages, will, never

theless, follow on. The system shows how efficient is the use of three 

report method (laboratory results can be received in the ward in the 

minimum of time) and the value of the summary format is demonstrated.
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,13.____ Till- j.:i.LCTR0C'\9DJi.-GRAriL

V'ith the introduction of the Analog-Digital computer and the ultra- 

sophisticated type of electrocardiograph machines, electrocardiograph in

vestigations can be introduced into a system of multi-screening on admiss

ion to hospital. The ever-increasing volume of knowledge that has been 

acquired on the incidence of previously undetected cardiac disease, with 

the ultimate poor prognosis, if not treated, makes cardiac assessment 

vital expecially in those over the age of 30 years. This section deals 

with mass screening, both in hospital groups and unselected groups, show

ing the value of computer diagnosis where there is no available cardio

logist. The accuracy of the computer is demonstrated and shows how it 

compares favourably with human interpretation. The vital time factor is 

also considered. Both off-line and direct-line computarization of results 

is shown.

Tiie use of the 12 lead find the standard 6 lead cardiograph is 

considered. It could well be that a preliminary screening by the use of 

6 leads instead of the more universally accepted .12 leads will be used as 

a routine procedure on admission. Although not discussed, in the U.S.A., 

one lead electrocardiographs have been extensively investigated but the 

error in diagnosis is far too high for them to be of any medical value.

In multi-screening on admissions to hospitals the use of the electro 

cardiograph without its combination with a computer would be too time- 

consuming and impractical. Investigation in the U.S.A. has shown the use 

of the digital computer in the interpretation of electrocardiographs to be 

a valuable tool, especially to the non-cardiologist physician.

The computer programme, once stored in the computer, is retrieved



GO

unerringly and as often as is requested, and all quantitative aspects of 
the electrocardiograms are analysed. The results are consistent and the 
computer is uninfluenced by anything other than the stored criteria. The 
physician is influenced by what is seen and on occasion may not see a 
second or third abnormality present, and this is especially likely if the 
first one seen is of some magnitude.
14. THE INTRODOCTICN OF COMPUTiRIZED K.C.G. INTERPR STATIONS,

In 1962, at the Iowa Methodist Hospital, reasonable criteria for 
the various electrocardiographic abnormalities commonly encountered in 
adults were selected. Programmes were written to include all major ab
normalities except certain of the arrhythmias. Electrocardiograms 
exemplifying these were selected and technicians were instructed how to 
measure exactly the various components of the tracings. Guidelines out
lining the details of measurement were formulated and put into pamphlet 
form so that technicians could repeatedly refer to them in the interest of 
standardization in the handling of data.

Measurement cards were then completed by the technicians for each 
tracing. IBM cards were punched, with four being required for each elec
trocardiogram. One 00-column card was punched for the patient’s name, the 
date on which the tracing was taken, the patient's age, the hospital number, 
and the research number. A second card was punched with data for heart 
rate, rhythm, and P-R and Q-T intervals, and with amplitude measurements 
for complexes in the standard and augmented leads. A third card included 
data for the precordial leads through to V4 and a fourth card includes the
remaining precordial leads. These cards were then ready to be used as data(20)
input.
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The minimum "machine" requirements for running the electrocardio

graphic programme included one of each of the following:

IBM 1441

Central Processing Unit with 8,000 character storage area.

1443 Printer

1447 Console and a 1442 Reader or Reader Punch.

A schematic outlining computer logic sequence is seen in Fig. (18). 

Bach electrocardiogram was checked by the computer for patient's data ( 

name, hospital number, research number etc.) and then for electrocardio

graphic data.

RESULTS OF THIS S UR IKS.

Four thousand four hundred and sixty nine electrocardiograms were 

analzyed by the computer. Bach computer diagnosis was checked by a 

cardiologist and each of the cardiograms were read by him in order to 

check computer accuracy. His diagnosis and that of the computer were in 

agreement except for nineteen electrocardiograms.

COMMENTS.

One of the drawbacks of the programme was that a considerable 

amount of time must be spent in teaching technicians to do the measurements 

properly. Also, a skilled technician required on the average, 10 minutes 

to make the appropriate measurements. These must then be transferred to 

cards, as indicated earlier. The total time required to completely process 

each electrocardiogram, includhg a printed diagnosis from the computer was 

about 11 minutes. In order to circumvent measurement by a technician and 

to shorten the time required for processing, and in order to make possible

direct transmission of analogue data to the computer, an Analog-Digital
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computer was needed. This was .later developed.

15. TRANSMITTING HLHCTKOCAR1JI0GRAPHS TO A CENTRAL COMPbTO.1 STUDY NO. T

At Hartford Hospital, Conn. U.S.A., recording of electrocardiograms

are made on portable data acquisition carts, which simultaneously record

a traditional 12-lead tracing and inscribe the signal on F.M. magnetic 
(29)

tape. In this fashion recordings are made for 20 patients daily in 

the Outpatient Department and the emergency Room. The tape is rebound

and played into a bell System Dataphone, which is connected by private

line with the computer centre in Washington, D.C. The signal is modulated

on a carrier frequency in the voice range and can thus be monitored as an

audible signal. Computer processing provides measurement and interpretat

ion of the Electrocardiograms. Results are mailed or teletyped to the 

hospital. During the conduct of this project, 5,300 electrocardiograms 

were transmitted for analysis by the system during tlie period ot August.

1965 to February, 1967.

COMPUTE RHP CRTS.

A control Data Corporation 160-A digital computer was programmed to 

measure each lead of the 12-lead electrocardiogram and provide a diagnostic 

interpretation based on these measurements.

In Fig. (19) which shows a computer report on a single normal elec

trocardiographic tracing, the computer diagnosis appears below the table of 

wave measurements of each lead. The Electrocardiogram on which this report 

was made is shown in Fig. (20). Fig. (21) is an accurate computer report on 

the abnormal electrocardiogram shown in Fig. (22). The computer noted the 

presence of right bundle branch block, identified the pattern of acute
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INSTRUMENTATION FIELD STATION HEART DISEASE CONTROL PROGRAM
COMPUTER PROCESSED ELECTROCARDIOGRAM

12
NAME NUMBER 124551 DATE 01-19-67 TIKE 09--
DIAGNOSIS MEDS NONE
HEIGHT 70 WEIGHT 196 AGE 41 FEMALE TAPE 0291
EP NORMAL-SYSTOLIC 139 OR LESS AND DIASTOLIC 89 OR LESS OPTION 000

LEAD I II III AVR AVL AVT VI V2 V3 V4 V5 V6
PA .08 .10 .03 -.09 .06 .04 .06 .11 .07 .07 .07 .08 PAFD .08 .09 .05 .10 .OS .03 .07 .10 .07 .07 .07 .08 PDP'A .00 .00 -.03 .00 .00 .00 .CO .00 .00 .00 .00 .00 P'AP'D .00 .00 .09 .00 .00 .00 .00 .00 .00 .00 .00 .GO P'D
QA .00 .00 -.06 .00 .00 .00 .00 .CO .00 .00 .00 .00 QAQD .00 .00 .02 .00 .00 .00 .00 .00 .00 .00 .00 .00 QDRA .68 .80 .10 .00 .35 .44 .03 .28 .91 1.06 1.08 1.06 RARD .07 .06 .02 .00 .07 .05 .01 .04 .05 .06 .06 .06 RDSA .00 --.07 -.12 -.72 .00 -.11 1.22 - 1.05 -.55 -.11 -.11 - .05 SASD .00 .01 .02 .06 .00 .02 .07 .05 .04 .02 .02 .01 SDST .12 .12 .12 .12 .12 .12 .12 .10 .09 .12 .12 .12 STSTO .01 --.02 -.02 .02 .00 -.05 -.02 .01 .01 -.05 -.04 -.02 STOSTM .01 .01 -.03 -.02 -.01 -.03 .07 .11 .07 -.04 -.03 .01 STMSTE .03 .04 -.02 -.03 .02 -.03 .07 .16 .09 .00 .00 .04 STETA .16 .20 -.04 -.18 .08 .08 .15 .41 .34 .14 .15 .17 TATD .20 .20’“ TD
PR .14 .14 .15 .15 .12 .12 .14 .12 .13 .12 .12 .13 PRQRS .07 .07 .06 .06 .07 .07 .08 .09 .09 .08 .03 .07 CRSQT .34 .37 .26 .36 .34 .35 .35 .40 .39 .37 .37 .38 QTRATE 70 66 67 69 69 66 71 64 65 67 67 65 RATE
CODE 2 3 2L 3 3 2 2 3 2 3 3 2CAL 97 97 97 97 97 97 97 97 97 97 97 97 CAL

AXIS IN P QRS T Q R S STO ST-T QRS-TDEGREES 42 34 4:) 39 -65 -90 132 08

1111 WITHIN NORMAL LIMITS

FIG. 19
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INSTRUMENTATION FIELD STATION -- HEART DISEASE CONTROL PROGRAM 
COMPUTER PROCESSED ELECTROCARDIOGRAM

12

NAME NUMBER 127350 DATE 11-12-66

DIAGNOSIS MEDS UNKNOWN

HEIGHT WEIGHT AGE MALE TAPE 6

B.P. UNKNOWN OPTION COO

I II III YR AVL AVF VI V2 V3 . V4 V5 V6

PA .03 .22 .15 .00 .00 .16 .00 .00 .03 - .15 .00 .03 PA
PD .06 .09 .11 .00 .00 .10 .00 .00 .03 .07 .00 .04 PD
P’A .00 .00 .00 .00 .00 .00 .00 .00 -.05 .00 .00 .00 P ' A
P'D .00 .00 .00 .00 .00 .GO .00 .00 .07 .00 .00 .00 P'D
RA .00 ,25 .20 .40 .37 .23 .91 .45 .00 .00 .04 .12 RA
RD .00 .05 .04 .09 .11 .04 .12 .11 .00 .00 .01 .03 RD
SA .17 -.78 -.65 .00 .00 -.71 .00 .00 - .29 -.12 - .32 -.30 SA
SD .08 .09 .09 .00 .00 .10 .00 .00 .07 .05 .09 .08 SD
R'A .00 .00 .00 .00 .00 .00 .00 .00 .25 .00 .00 .00 R'A
R'D .00 .00 .00 .00 .00 .00 .00 .00 .08 .00 .00 .00 R'D
ST .12 .12 .12 .02 .12 .04 .12 .02 .04 . .07 .04 .12 ST
STO .03 - .14 -.18 .01 -.01 - .14 .00 .23 .36 .50 .24 .04 STO
STM .01 - .03 -.04 .03 -.09 -.11 - .17 .21 .29 .42 .33 .10 STM
STE .10 .46 .46 .02 -.19 -.09 -.30 .19 .26 .42 .34 .14 STE
TA .06 .29 .26 -.21 - .19 .25 -.34 - .28 -.21 - .07 .18 - .07 TA
TD .17 .16 .16 .14 .14 .14 TD

PR .17 .14 .14 .00 .00 .14 .00 .00 •. 13 .07 .00 .14 PR
QRS .08 .14 .16 .09 .11 .14 .12 .11 .15 .05 .10 .11 QRS
QT .23 .35 .38 .28 .29 .34 .29 .30 .34 .27 .23 .42 QT
RATE 87 90 89 90 89 88 88 105 87 106 89 88 RATE

CODE C3LA 3C 2 4C 3C 3C 4C 4C 4 A4L 5C 3C
CAL 201 201 201 201 201 201 201 201 201 201 201 201 CAL

AXIS; IN P QRS T Q R S STO ST-T QRS-T ANGLE IN
DEGREES 71 261 69 22 260 -83 152 168 DEGREES

5112 SMALL OR ABSENT R WAVES IN 2 LEADS OF V2-5, AND ST ELEVATION. 
CONSISTENT WITH ACUTE MYOCARDIAL INFARCTION------ANTERIOR

4421 QRS PROLONGATION OF. .12 SEC. TERMINAL FORCES TO THE RIGHT AND ANTERIOR 
RIG5T BUNDLE BRANCH BLOCK

1121 VENTRICULAR RATE OVER 100 IN 2 OR MORE LEADS: TACHYCARDIA

S321 QRS AXIS WITHIN THE RANGE OF 140 TO 269: MARKED RIGHT AXIS DEVIATION

FIG. 21
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anterior myocardial infarction and also noted tachycardia and an abnormal
A

mean QRS axis of 261 .

To assess the lota] error within the computer diagnostic system, 

for the purpose of correction of the system, computer electrocardiographic 

reports at the Hartford Hospital have been compared with physician inter

pretation of the same tracings. The physicians and 1 ho computer eacii

interpreted the tracings utilizing the specific criteria of the Medical
(79)

Systems Development Laboratory, Results of this analysis are currently

being used to improve and modify the computer diagnostic programme. In

the present study 400 electrocardiograms were read independently by the

computer and by one of two Hartford Hospital physicians. Then the two

physicians, together reviewed both their initial reading and the computer

report and reached a final "standard” diagnosis. The computer diagnosis

was then compared with this "standard". Jt would have been of interest to

study the variation in observations between the two physician readers;

however, this was not examined in the present study.

Ob s or v er Varlability and err or has previously been shown to be a

significant factor, indicating to us that physician observations may be
(DO.HI)

an imperfect yardstick by which to measure computer accuracy. The

method employed in this study was designed to reduce the factor of human 

observer variability to a minimum by requiring consultation between two 

physicians and review of the computer report in establishing the final 

"standard" diagnosis.

This study does not permit a truly valid comparison of diagnostic 

accuracy between computer interpretation and individual observer inter

pretation, that is, without consultation. VJhat is involved is really a
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tost of agreement on quantitative criteria for the various electrocardio

graphic- abnormalities. If the "standard” diagnosis agreed with the compu

ter it was judged that the computer had been accurate in its performance. 

Of course, in a given case both the computer and the physicians utilizing 

"consultation" could be wrong. No attempt was made to validate the 

electrocardiographic diagnoses utilizing other independent information 

such as hospital records, chest roentgenograms, autopsy protocols. An 

expanded investigation of this sort would be a logical extension of the 

present study. The investigators initially wished to determine the abil

ity of the computer to accept electrocardiographic signals and report 

out diagnoses utilizing previously agreed upon criteria.

Four hundred connective computer electrocardlouram reports were 

analyzed. Thirty-four electrocardiograms were designated technically un

satisfactory because four (4) or more of twelve (12) loads were not meas

ured by computer. This was most often caused by arrhythhmia, excessive 

base-line drift, or patient artifact. Three hundred and sixty-six (366) 

remaining electrocardiograms were subjected to further analysis.

RESULTS__

Computer vs. Standard Pi geneses.

Most computer reports contain from one to six diagnostic statements 

on each electrocardiogram. If all the computer diagnosis agreed with the 

standard diagnosis "final complete agreement" was noted (Table 4). This 

occurred in 71% of the tracings. If a single major diagnostic discrepancy 

was found, the computer report was deemed "unacceptable." This occurred 

in ll/o of the tracings. A minor diagnostic discrepancy that altered the

over-all sense of the report was deemed
to make it "Unacceptable." This
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No. cr /0

Final complete agreement 26! 71
Minor disagreement, report acceptaole 5! 14
Total acceptable reports 312 85
Minor disagreement, report unaccepta

ble 14 4
Major disagreement, report unaccepta

ble 40 11

TABU- 4.

Computer vs. "Standard" Electro
cardiographic findings in 366 Cases"1

TConsecutive computer-read electro
cardiograms = 400; incomplete data 
or technically unsatisfactory elec
trocardiograms = 34; remainder for 
evaluation = 366.
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occurred in 4% of the tracings. Reports with minor disagreemnt which 

were considered acceptable were found in 14% of the tracings. Thus, in 

total, 05/o of the reports were acceptable.

Accuracy of Individual Pi nemos c.$

The 366 technically satisfactory electrocardiograms included 611 

"standard" diagnostic statements. The computer performance in each 

diagnostic category was determined. Table 5a shows computer accuracy in 

diagnosing "major" electrocardiographic abnormalities (defined as Ischem

ia, Infarction, Hypertrophy, Conduction Defects, or moderate to marked 

S-T, Segment Deviation). The computer correctly identified 12 of 15 

instances of diaphragmatic Myocardial Infarction, 61 to 68 instances of 

Left Ventricular Hypertrophy, 4 *of 4 Right Bundle Branch Blocks, 3 of 4 

Left Bundle Branch Blocks, and 19 of 23 moderate to marked S-T Segment 

Elevations.

The sensitivity, that is. the computer's ability to label major 

abnormalities correctly when present was 9l/o (177/194). This was achieved 

at the expense of some "over-reading". For example, the computer falsely 

designated 14 instances of Diaphragmatic Myocardial Infarction and 11 in

stances of Right Bundle Branch Block. These errors were found to be due 

to oversensitive criteria or to specific and correctable "bugs" within the 

computer diagnostic programme. Review of tracings by physician readers 

failed to reveal Q waves of sufficient magnitude to justify a computer 

diagnosis of Diaphragmatic Myocardial Infarction in 14 instances. Since 

computer measurement frequently identifies waves as wider than observed by 

human observation, an adjustment in criteria for wave duration was found
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Standard
Diagnoses

(no.)

Computer
and

Standard
Agree

False
Positive

by
Computer

False
Negative

^Computer

Semantic
Preference

by
Standard

Anterior myocardial infarction 35 31 3 4 15
Diaphragmatic myocardial infarction 15 12 14 3
i$Cht&iC T waves 21 20 2 1
VVMtQRS-T angle, ischemia or “strain” 18 16 1 2 7
L^/Z ventricular hypertrophy 68 67 0 1
fittihr ventricular hypertrophy 3 2 •' 0 1

AC bundle branch block 4 4 11 0
LtTtbt/ndlc branch block 4 3 0 1
iF'r Si^'mcnt deviation, moderate to marked 23 ‘ 19 9 4 7
/ntgOK’ntricular conduction defect 3 3 0 0

Total 194 177 40 17 29

TABU: 5A

Major Electrocardiographic Diagnoses - 
Computer Findings.
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necessary to correct this over-reading.

Table 5b summarizes the distribution of minor electrocardiographic 

diagnoses according to the standard and the computer performance. Tachy

cardia. Premature Systoles and first degree A-V Clock were accurately 

identified by the computer. The false-negative column shows a tendency 

for the computer to faile to note Bradycardia. This failure was due to a 

simple programming error and has been corrected. The P wave problem is 

currenty under study. QRS Axis, Junctional S-T Depressions and nondiag

nostic T Wave changes were accurately identified. There was a tendency to 

over-read minor S-T Depressions.

Computer Separation of Abnormal from [Normal. Tracings.

The computer's ability to identify tracings as normal or abnormal is 

examined in Jable 6. The computer identified all 253 standard abnormal 

tracings as abnormal and 92 of 113 standard normal tracings as normalc
t

There was not a single false normal reading by computer. There were 21 

false abnormal readings according to the "standard."

At the Mayo Clinic a system for transmission of electrocardiograms 

from the heart station to an electrocardiogram processing console else

where iri the same building has been in operation. Console tape records 

the signal which is later analyzed by a computer as an aid to physician 

interpretations.

C om o u t er D i aq n o s t i c Ac c. u r a c v in t hi s it udy is s ummar i zed i n Table 

7. The computer accurately designated Ql% of minor diagnoses. Ol/o of 

normal tracings were correctly identified. Of all 611 standard diagnoses, 

U7)o were correctly identified by the computer.
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Standard
Diagnoses Computer False Positive False Negative

.—(no.)—. .—Agrees—- by Computer by Computer

Rate 64 57 0 73
Bradycardia 29 16 0 13
Tachycardia 35 35 0 0

Arrhythmia present 26 27 7 5
Premature beats or atrial fibrillation 17 16 1 1
Piematurc ventricular contractions 9 5 0 4

P-K interval 33 37 4 2
Short P-R 14 13 2 1
First degree A-V block 19 18 2 1

P wave abnormality 77 9 22 2
P mitralc or pulmonale 3 3 12 0
Abnormal atrial focus or nodal rhythm 6 4 7 2
Left atrial abnormality 2 2 3 0

Q-T prolongation 70 , 7 7 3
QRS axis 65 60 7 5

Right .axis deviation 7 6 3 1
Left axis deviation 49 46 2 3
SiS-Sa 7 7 1 0
Parietal or peri-infarction block 2 1 1 1

Low voltage 3 3 0 0
junctional S-T depression 24 24 4 0
Minor S-T depression 74 77 9 3
Minor S-'F elevation 3 3 7 0
QRS-T angle wide (nondiagnostic) 72 70 3 2
Nondiagnostic T abnormality 35 37 5 4
Tall prccordial T waves 4 3 0 7

Totals 304 264 57 40

Figures in italics indicate subtotals.

TABLE SB.

Minor Electrocardiographic Diagnoses - 
Computer Reading.



No. of Com-
Electro- pu ter
cardie- Computer Ab-

grams Normal normal

S.; a n o a rcl norm a I 1 13 92 21

%
0 o r ob

TABLE 6.

Table 6. Computer separation of 
Electrocardiograms into normal and 
abnormal»
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Standard Computer Agrees False Negative False Positive
Diagnoses ,—with Standard—. -—by Computer—- by Computer

(no.) (no.) (%) (no.) ' (%) (no.)

Major diagnoses 194 177 91 • 17 9 40
Minor diagnosis 394 264 87 40 13 57
Normal 113 92 81 21 19 0

Total 611 533 87 78 13 97

TABLE 7.

Table 7 - Summary of Electrocardiogram Diagnoses - Computer Reading.
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Accuracy of Physician leading Con pared to Standard Diagnosis

Since the standard diagnoses referred to in the; foregoing studies 

were determined by physicians reviewing both their initial electrocardio

graphic interpretation and the computer report, it was possible to compare 

the initial unassisted physician reading of the electrocardiograms to the 

standard diagnoses. This was of interest as it provided one measure of 

the usefulness of computer reports in aiding and correcting physician 

i nterpretatiori,

The Physician Reading of major Electro car d i oq r a r> h i c diagnoses i s 

compared with standard diagnoses in Table 8. Physicians agreed with lc/% 

(154/195) of standard diagnoses. In one instance, the physicians had 

initially determined criteria for anterior Myocardial Infarction, but 

measurements wore within normal limits on the computer report. The stan

dard (review of physician and computer report) determined that the physi- 

cain was initially wrong because of inaccurate measurement of Q Waves and 

R Waves* This, this is listed as a false positive by the physician.

There were 40 major diagnoses missed > n> ? ihvsi cian readers. These 

are designated as false negatives by the physician. In each instance, the 

physician had to agree that the computer report was correct. However, in 

10 cases which the computer interpreted as Anterior Myocardial Infarction 

and 7 cases which it interpreted as Left Ventricular Hypertrophy, the 

physician believed that the wave abnormality was so borderline that he 

would have preferred not to make these interpretations. In other words, 

the computer criteria for these abnormalities were considered to be too 

sensitive. Since criteria were previously agreed upon and used uniformly 

throughout the study, this semantic preference for a criteria change was
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•

Standard
Diagnoses

(no.)

Physician 
and Standard 

Agree

False Positive 
by

Physician

False Negative 
by

Physician

Anterior myocardial infarction 35 25 1 10 (S)
Diaphragmatic myocardial infarction 15 14 0 1
Ischemic T waves 21 21 0 0

Wide QRS-T angle, ischemia or strain 18 11 0 7 (S)
Left ventricular hypertrophy 68 50 0 18
Right ventricular hypertrophy • 3 2 0 1

Right bundle branch block 4 4 0 0

Left bundle branch block 4 4 0 0

S-T segment deviation, moderate to marked 23 21 0 2

Intraventricular conduction defect ?< 3 2 0 1
Total 194 154 1 40

TABLE 8.

Table 8 - Major Electrocardiographic Diagnosis - Physician Reading.
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indicated by a letter (0) in the appropriate column in the tables, but 

the physician diagnoses were still listed as false negative.

The distribution of minor electrocardiographic diagnoses by physic

ian readers is given in Table 9. There were 91 false negative diagnoses. 

In each instance, the physician initially failed to note a diagnosis, and 

the correct diagnosis was provided by review of the computer report. This 

was largely dependent upon accurate computer measurement of heart rate,

P-R intervals and QRS axis. Physicians over-read four instances of non

diagnostic T Wave Abnormalities.

EVALUATION OF CCSERVKD RESULTS.

The present study suggests that computer agreement with standard 

electrocardiographic interpretation is greater than physician agreement. 

However, physician and computer did not make the same kind of "errors."

The computer tends to over-read by clinical standards, whereas the phy

sician is more prone to errors of omission.

It is evident that the two together are better than either alone. 

Physicians utilizing computer electrocardiographic reports in preparing 

final interpretations can provide precise consistent diagnosis. This 

evaluation also suggests that computer electrocardiographic reports are 

excellent for screening abnormal electrocardiograms.

A high degree of accuracy was noted in individual diagnostic cate

gories. 07/o of all diagnosis were in agreement with "standard" interpre

tation. The system can provide a useful aid to physician reading of the 

electrocardiogram. Improvement in criteria and certain programme correct

ions based on this and other evaluations should result in even more accura 

te and useful reports. However, it is important to note that whatever
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Standard
Diagnoses

— (no.)- - - - - - - - - >

Physician 
.- - - - - - - - Agrees- - - - - - - - - .

False Positive 
by Physician

False Negative 
by Physician

Rale 64 52
-

0 12

Bradycardia 29 25 0 4

Tachycardia 35 27 0 8

Arrhythmia Present 26 26 0 0

Premature beats or atrial fibrillation 17 17 0 0

Premature ventricular contractions 9 9 0 0

P-R interval 33 17 0 16

.Short P-R 14 5 0 9

First degree A*V block 19 r 12 0 7

P .vase abnormality 11 0 0 3

P mitrnlc or pulmonale 3 2 0 1

Abnormal atrial focus or nodal rhythm 6 4 0 2

Left atrial abnormality’ 2 2 0 C

Q-T prolongation 10 1 0 9

QRS axis 65 54 0 11

Right axis deviation 7 5 0 2

Left axis deviation 49 43 0 * 6

S,S:S, 7 5 0 2

Parietal or peri-infarction block 2 1 0 1
Low voltage 3 1 0 2

Junctional S-T depression 24 6 ✓ 0 18

Minor S-T depression 14 S 0 6

Minor S-T elevation 3 2 0 1

QRS-T angle wide (nondiagnostic) 12 9 0 ■ 3

Nondiagnostic T abnormality 35 27 4 8

Tall precordial T waves 4 2 0 2

Totals 304 213 4 91

Figures in italics indicate subtotals*
TABLD 9.

Table 9. Minor Electrocardiographic Diagnoses - Physician Reading.
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diagnosis the computer makes, final physician review of all abnormal re

ports is mandatory prior to clinical use.

Clin jc a1 Ann1ic a tion

Tlie computer does not eliminate the physician*s responsibility to 

be knowledgeable of all data pertinent to the patient. Accurate machine 

determination of P-R, QRS, Q-T and rate relieve tire physician of the 

burden of measurement. Although the physician does not ordinarily make 

these determinations in every lead as the computer does, he usually 

measures and notes any abnormal QRS pattern. S-T or T Wave Abnormality 

when he encounters an abnormal tracing. He also takes the time to write 

out his final interpretation. This need not be done when the computer 

report is available, as all of the measurements and all of the diagnoses 

are already printed. If the physician is in agreement with the diagnosis 

he can merely place a check next to the computer statement. If he wished 

to amend the report he can easily delete or add to the printed diagnostic 

statement. Computer diagnoses can thus be reviewed and approved or 

amended with great speed.

In an effort to determine the time-saving factor in computer use, 

300 serial electrocardiograms were read by a physician with the computer 

reports in front of him. The average time spent per electrocardiogram 

was 32 seconds. Three weeks later these same 300 serial electrocardio

grams were read by the same physician without the computer report. The 

average time spent per electrocardiogram was 2 minutes, 27 seconds. There 

was approximately a five-fold reduction in physician review time per 

electrocardiogram utilizing computer reports.

Advantages of this automated system are numerous. Resident and
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hospital staff electrocardiographic teaching can be aided by providing 

consistent guidelines for interpretation.

The data permit a precise quantitative approach to learning 

electrocardiography, supplementing the qualitative pattern recognition 

methods.

16. AN OFF-LINE SYSTEM FOR F.C.G, DIAGNOSIS BY DIGITAL COMPUTES 
STUDY NO. 2.

Recent development in technology of computer, analog-digital

conversion units, and the tape recorder has made broader studies of auto-
(30)

matic diagnosis of electrocardiograms possible

This section considers an off-line system, using the magnetic tape 

recorded electrocardiograms from patients in hospital, to be applied in 

medical centres which cannot afford a computer for exclusive use. The 

C.C.G. is illustrated as part of multi-phase screening on admission in i 

units which otherwise could not afford facilities to carry out this rou

tine procedure. The efficiency of the computer is again illustrated.

METHOD

As the samples. 402 UCG recordings of normal, 230 recordings with 

Left Ventricular Hypertrophy (LVH)f 369 recordings with Right Ventricular 

Hypertrophy (RV1I), 143 recordings with combined Ventricular Hypertrophy 

(CVIl), 113 recordings with Myocardial Infarction, 91 recordings with Right 

bundle Branch Block (RBB) and 44 recordings with Left Bundle Branch Block 

(LCBB) 1392 in total were used. These diagnosis were made on the basis 

of clinical findings or laboratory examination such as Chest X-ray Film, 

conventional 12 lead electrocardiograms, phono-cardiograms, blood chemistry, 

right heart catheterization, and operation and autospy notes in a part of
rthem.
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The Analog-data was then converted into a digital form, usng an 

analog-to-diyital converter (DATAC) and then on a I1ITAC 5020 digital 

computer *

To classify electrocardiograms into several categories, namely, 

to make computer diagnosis of electrocardiograms, a logical decision 

tree method on the basis of the joint probability was adopted, details 

of which are illustrated in Fig. 23.,

AUTOMATIC I NT FR PR FT AT I ON' OF FCGs.

The diagnostic accuracy of the automatic interpretation used was 

92.2/o in normal. 02.5 in LVH, 75.6 in RVli, 61.3 in CVH, 95.0 in infarct

ion, 100.0 in bundle branch block and 66.9/2 of 1392 FCGs in total.

Low accuracy was recognized in diagnosis of RVII and CVH, compared 

with those of the other groups.
* 1.

The time consumed in diagnosis was 15 second per one patient,

LCG, using a HITAC 5020 digital computer.

Two examples of computer diagnosis are shown in Fig (24 and Fig. (25)

Liagnosi s of FCGs by computer was compared with that by physician. 

More than 60)1 of computer diagnosis were identical with physician’s diag

nosis. Especially, consistency between computer diagnosis and physician's 

was observed in more than 90^ of FCGs with infarction and normal FCGs.

However, consistency of CVH was poor, compared with the others.

This fact suggests the difficulty in diagnosis of CVH as previously reported

"Advantage of the computer diagnosis is to make instantaneous and 

exact diagnosis possible. The inter-or intra-observer variation in diag

nosis may be solved by computer diagnosis with the good reproducibility
(3°)

and quail t‘i*thWn ess.
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Fig. 23. Decision Tree system for 
the LCG pattern classification.
Lach step of the discrimination was 
made according to the difference 
between the joint probabilities 
for its diagnostic categories.
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Measurements.
PD 11 PQD 170 QRSI) S5 Q I'D
ST (X,Y,Z) - 0.03 0.01 0.01
Q (A.D.PT) X --0;13 21 19
R( ) 1.60 43 43
S( ) -0.05 19 67
K' ( ) 0.00 00 00
Interpretation
A ( ) O.OoO 17 0.00042

INF 4 Grade 2
Suspicion of Infarction
R ( ) 0.00043 0.00271
L( ) C.00030 0.06976
C( ) 0.00004 0.02913
Normal

T(X,Y,Z) 0.42 -0.37 0.53
Y 0.00 00 00 Z 0.00 00 00

0.26 19 11 0.09 29 13
1.95 56 43 0.22 35 4S
0.00 00 00 0.00 00 00

0.00349 0.07691

0.00 IS 0.06137

0.C0064

Fig.44 An example of the print-out of the automatic interpretation of the KCG by computer. 
No: Identification number of the case.
QRSI): Duration of the QRS complex.
QTI): Duration of the QT interval.
AL( ): The 30 measurements.
A ( ), K ( ), L ( ), C ( ): The joint probabilities for infarction. RYU, LYH, and C\ II. 
Final diagnosis by computer was normal in'this ca-e, and identical with that ot physi
cians.
A.......Amplitude (mV)
D...... Duration (msec)
PT.......Time from the beginning of QRS complex to the peak of the wave
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No. 53

Measurement
PD SI PQD 16? QTSD 101 QTD 399
ST (X,Y,Z) - 0.04 -0.03 0.1S T (X,Y,Z) - 0.11 0.11 0.33
Q(A.D.I'T) X -0.03 13 3 Y 0.00 CO 00 Z 0.00 00 00

) 0.9S 59 53 0.-13 32 19 0.13 16 11

S( ) — 0.42 21 77 -2.01 59 v 66 -2.00 69 45

Inter ^relation
AC ) 0.00065 0.0376S o.oosco 0.04S50

INK 2 r- V J

FIG. 25.

Fig. 25. - An example of the print-out of the computer 
diagnosis. In this case, the computer diagnosis was 
made to be an infarction, and consistent with autopsy 
finding.
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17*____ ECG SCANNING USING 12 LI-ADS OR 6 Li IADS.

Two thousand ECGs were randomly selected from the files of the

Cardio-Pulmonary Station, Naval Hospital, Philadelphia. The population

sample included active duty and retired military personnel, their deped-

ents, service academy and civil service applicants, and veteran patients.

All records were interpreted by one cardiologist without knowledge of

prior 12-lead interpretations. The patient's age, sex, height, weights,

and blood presssure were available. The six standard leads (I, II, 6 III

aVr, aVL & aVF) were classified as normal or abnormal using criteria given
(31. 32)

in standard reference texts. Following analysis of these leads,

the 12-lead EGG was re-analyzed without benefit of six-lead interpretation. 

Any discrepancies between six and 12-lead ECG interpretations were recorded 

RESULTS.

Sixteen hundred and forty-eight subjects were men; 3153 were women.'

7l/o (1*433) were between 40 and 70 years of age. Twelve hundred and six

teen (60.OL) were normal when both 6 and 12-leads were analyzed and 730 

(36.5N) were abnormal. Twenty-eight (2.25A-) false-positives and 26 (3.44/,) 

false-negatives were found. The specificity of the method was 97.75%, the 

sensitivity 96.56%. Seven hundred and fifty-six abnormal tracings occurred 

in the study . Detailed data are presented in Table. 10.

Significant undetected abnormalities included seven tracings compat

ible with Left Ventricular Hypertrophy and six with probable old Myocardial 

Infarction. Lighty-three tracings compatible with Anterior Myocardial In

farctions were found in tiie entire study when 12-lead ECGs were available. 

No Inferior or Active Myocardial Infarctions were overlooked when standard 

leads were analyzed. Forty-one of 83 tracings compatible with anterior



G Leads 12 Leads Categoiy No. (% of Total

Normal Normal Normal 1.216 (GO.8)
Abnormal Abnormal Abnormal 730 (36.5)
Abnormal Normal False-positive

ST segment abnormality 8
Suspicious qR complex in III 5
P-wave abnormality 8
Early repolarization 3
SI. S2, S3 as RBBB 2
S2. S3, as LAD 2

Subtotal ?3 (1.4)

Normal Abnormal False-negative
Anterior myocardial infarction G
Left ventricular hypertrophy 7
Right bundle branch block 5
Anteriorly directed T-vector 7
Left atrial hypertrophy 1

Subtotal 2G (1.3)

Total 2,000 (100)

TABLE 10.

Tsble 10 - Screening results from 2.000 
Electrocardiograms comparing standard (6) 
and standard and precordial (12) leads.
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Infarction shows abnormal left Kxis deviation. T-VJave Inversion in lead I 

was seen in 20. and 14 had a combination of both abnormalities.

COMMENT.

The clinical usefulness of the ECG in detection of unsuspected

heart disease has been ernphsized in recent years. While the correlation
(34. 35 6 36)

between clinical data and iXG findings is often poor, the presence of

abnormality in the EGG of an asymptomatic individual may be the only clue
(37. 30)

to potentially significant heart disease^ 3% to 6% of asymptomatic
(39.‘ 40 & 41)

males under 40 years of age have demonstrable I2rlead ECG abnormalities.

An estimated threefold increase in 12-lead ECG abnormalities exists from
(42. 43 6 44).

available surveys of older populations. A 20% incidence of
(45)

abnormality has recently been reported. Comparable data with only
(45)

standard-lead analysis are negligible. Cooper et al have cited a computer' 

survey of 9.660 ECGs and noted 35.% incidence of detectable abnormality when 

standard leads were analyzed: 45% had abnormalities when 12-loads were

used. The populations studied in this series more closely parallels a 

random sampling than the usual hospital population. The difference in 

observed false-negative were expected; the falsc-f>ositives probably re

presented errors in ECG interpretations.

Analysis of standard-lead ECGs as a screening procedure permits 

more rapid data acquisition, minimal patient inconvenience and less phy

sician interpretation time. The comparison of the value of 6 and 12-lead 

ECG interpretation is still being assessed. If a high degree of correlation 

is obtained this method of screening would be more economical, rapid and 

accurate. However, further investigation is necessary., before 6-lead El

ectrocardiographs will be accepted.
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__ CHEST X-RAY.

Selective mass screening can be considered as being introduced with 

the advent of World War II, 1939. On enlistment in the armed forces chest 

X-Ray was carried out in some countries as a routine procedure. The stat

istics of these X-Rays have not been published in any of the standard 

j ournals.

Now 30 years later, in Australia, it is compulsory for ad tilts to 

have a yearly chest X-Ray. Non-compliance can be punished by law. There 

has been a resultant dramatic influence on the incidence of Tuberculosis. 

and the early detection of asymptomatic lung and Cardiac Disease has 

shown the value of preventive medicine in mass surveys.

Routine chest XcRays are usually carried out in Australia on admiss

ion to all State and Commonwealth Hospitals, even in individuals who have’ 

had a chest X-Ray in the last 12 months. Chest X-Rays in Private Hospitals 

are mainly selective being generally restricted to those on whom a chest 

X-Ray is part of a diagnostic investigation.

19. MASS RADIOLOGY IN IN GLAND.

Mass Miniature Radiography was introduced in England in 1943, a 

special 33 m.m. film was used in an apparatus especially designed for the 

purpose, as a result of the recommendation of the Joint Tuberculosis Cou

ncil. The object was the detection of persons in the general community 

with suspected Pulmonary Tuberculosis, particularly in workers and entrants 

into employment, especially in factories where numbers were greatly inc

reased by the needs of the war. The committee advised that the examination
(46)

should be repeated at intervals.
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"It was found by Thompson in investigating the volunteers under

going mass-radiography examinations that in the first general public sur

vey in England in 1944, that of those patients discovered with active 

Pulmonary T.B. needing treatment 1)0% admitted, on questioning, to 

symptoms of cough, lassitude or chest pain. An interesting observation 

is that only 14b had consulted their family doctor with symptoms.

In the subsequent five years, approximately 3 million persons were 

examined, with an incidence of 3.8 per 1,000 with active Tuberculosis 

and a further 5.0 per 1,000 requiring supervision for quiescent or 

doubtfully active lesions. These may be compared with recent (.Ministry 

of Health, Report of Chief Medical Officer on the state of the Public 

Health, 1960; 1961; 1962;) - Table ]lt figures.

In addition to finding Tuberculosis, Mass Miniature Radiography has 

had no small measure of success in discovering other unsuspected diseases, 

such as congenital and acquired disorders of the heart, Sarcoidosis, mal

ignant disease and Pneumoconiosis. The Chief Medical Officer to the Min

istry of Health draws attention to this in the report quoted above. In 

1961 malignant Neoplasms were diagnosed in 2,677 persons, congenital 

cardiac abnormality in 452, acquired cardiac abnormality in 8,411 and 

Pneumoconiosis in 2.494 persons. Its contribution to the health services 

of the nation as a whole and to the control of Tuberculosis in particular, 

has thus been substantial.

In East Anglia a relatively high incidence of congenital heart les

ions in children was found. Chest X-Rays in North Staffordshire showed a( 

high incidence of Pneumoconiosis in some industries. Repeated X-Rays at



1

i
Persons 

Examined

«

Tuberculosis j

requiring active 
treatment or close ! 

supervision

Tuberculosis
requiring

occasional
supervision

1
1

j Combined
rate

!

1959 3,581.070 ' 1-8 2-3 4-0

1960 3.131,810 1-6 i-9
; ™

1961 3.179.280 1-4 ; 1-9 3-3

TABLE II

Table II - Rate of Detection of Tuberculosis per 
1000 examined during 1959-61 in England and Wales. 
(Ministry of Health - Report of Chief Medical 
Officer. 1960; 1961; 1962.)
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six-monthly intervals for men aged 45 or over, in the hone of finding 

Bronchial Carcinoma at an early stage, is a matter of great interest and 

still the subject of research.

The T.B. Council in England considered there were two main objects 

of a chest radiology service.

1) The diagnostic X-Ray service primarily concerned 

with problems of chest illness in sick patients, 

provided by general hospital or chest clinic X-Ray 

departments.

2) The mass radiography service which operates in a 

special field distinct from the examination of 

hospital patients anu has different aims and meth

ods. Yet the division is not complete, for certain 

groups of the population can appropriately be ex-' 

amined by either organisation.

However there is a third group - all patients (adult?) admitted to 

hospital as part of the concept of multiple investigation on admission. 

20. DUAL READING IK MASS RADIOGRAPHY

There is now a considerable amount of literature on the subject of

observer error in the interpretation of chest X-Rays and on the value of
. (40)

dual reading in reducing this error. This is of particular importance 

in mass miniature radiography, where large number of X-Rays are viewed in 

rapid succession. Early investigators suggested that a single observer 

might miss on an average 25-35/u of abnormal lung shadows and this error 

may be reduced to between 6 and 7/o by a second and independent reading of 

the film. Later investigators found that there was an error of 10^ for a



single observer winch was reduced to 2% by dual reading and concluded 

that "dual reading is essential in radiographic surveys." The conclusion 

reached was that the yield of active Tuberculosis might be raised by 15-7% 

RESULTS OF 10,000 EX/riKATieNG.

Recall Rate - 1576 were recalled for examination on full-sized film.

Of these, Reader A recalled 421 and Reader D 429. the average figure being 

424.G;the recall rate for dual reading was approximately 35% higher than 

for single reading. Cardiac abnormalities were excluded from the experi- 

rncht.

Rad 1oloqica1 Anal vsis of the R ecal1s. - In order that the results 

of the trial could be compared with those of other workers, the recall 

films were first analysed radiologically and placed in 3 categories.

Significant.

Non-Significant 

Normal

A radiologically significant shadow was one considered to require 

further investigation clinically and this category included botii inflamm

atory and non-inflammatory lesions. The non-significant group included 

calcified tuberculous lesions, congenital bony anomalies etc.

Table 12 shows this initial analysis and compares the performances 

of the individual observers with their combined efforts.

Table 13 shows how the addition of the second reader improved the 

average yield of radiologically significant shadows, but also how it in

creased greatly the figures for recalls proving normal or non-significant.

The clinical Advantage of the Second Reader The results so far have 

been expressed purely in terms of X-Ray findings. In order to assess the 

true value of dual reading it was necessary to know how many of the extra



Assessment of 
recall film

Significant
Xon-significant

^Xurniai . .

.Total

R'o. recalled
i Percentage of total recalled

Dual 
j reading

Deader
A

Reader
11

1

Reader
A

Reader
13

Aierore of 
A and 11

••! !°a • 
..! - - 5

213

99 ’
I
130

P i
'A1, !
.7. |

Qt?
8G ,
53 j

/;t; !

70 ;

55
7.9
62

•• ! 37^ ’ •}2I •l2 9 73 ! 74 74

TABLE 12.

Table 12. Radiological assessment of recall films and 
the number of recalls by each reader.

Assessment of recall film

Average no. of 
recalls by a 

single obserier

Aierage r.o. cf 
, recalls added by 

second obserier ;
Percentage 

• increase

Significant shadows .. ! 96 12 12
Normal and non-significant ; 329 <37\9 42
Xormal . . . . .. . >50-5 92‘5 i 61

TABLE 13.

fable 13. Effect of a second reader on the yield of 
radiologically significant shadows and number of 
recalls.



shadows detected by the second reader were clinically significant.

Of the 108 shadows referred for further clinical study, 9 were 

missed by Reader A and 15 by Reader B. These 24 cases were followed up 

from records approximately twelve months after detection. Table 14 shows 

the results of the investigation.

Table 15 shows for comparison the results of followup in the re

maining 84 cases detected by both the readers.

21.___ EARLY DIAGNOSIS OF MJNG CANCER.

Bronchial Carcinoma is the commonest type of cancer in men in Brit

ain. Moreover, it is one of the most fatal. In 1966 it caused 3% of all

deaths in men that were attributable to cancer and 05 of all deaths in men
(49)

from all causes .

Investigators have made several surveys to discover if the mortality 

from Bronchial Carcinoma can be reduced by diagnosing cases before the on

set cf symptoms.

In the reported series the proportion of cancers that can be resect

ed and the survival rate are both higher when the diagnosis is made by X-Ray

in the absence of symptoms than when the patient has been referred for in-
(50)

vestigation because symptoms are present. E. Posner, et al for example,

found that the resectability rate was increased from 335) to 475 and that in

those patients in whom the tumour could be resected the two-year survival 

rate was increased from 375 to 465.

It. is dangerous, however to interpret these and other similar resu

lts at their face value, for the cases that are picked up by mass radio

graphy in the absence of symptoms will include a disproportionate number in

ivhich the cancers are slow-growing. The slower the growth, the
greater



J) in cue sis .Vo. /■'o!ir>:i -://> stud-:

Tuberculous lesions*
La
tfi

17

‘Active’, requiring treatment
Still under observation at twelve months 

: without treatment
Discharged as ‘inactive’ by twelve months

Malignant tumours ..
3
i
3

Excised
Treated by radiotherapy
Unsuitable for any form os treatment

Benign tumours
i 1
j
! t

i A retrosternal thyroid removed on account of 
, symptoms
i Lung cyst - no treatment required

Pneumonia i 2!
i Required active treatment

Bronchiectasis
Hiatus hernia 
Pneumoconiosis

i 14
1 2 

.1 2

i Required no further action

•5 patients presumed tuberculous, possibly ‘active , were iost signt o*.

TABLE 15.

Table 15 - One-■year follow-up of patients referred
for further investigation after being detected by 
both readers.

Dingtiosis jXo. Follow-ustudy

Doubtfully ‘active’. Chemotherapy given as a 
precautionary measure

No evidence of ‘activity’. Leading normal
Tuberculous lesions* j 

i

!

j lives. No treatment. Still under observation
j after twelve months

H 1 All discharged as ‘inactive’ by nine months
J after referral. Required r.r treatment

Bronchia! carcinoma j t i Hepatic secondaries. Symptomatic treatment 
! only

Bronchiectasis . . ' t 1 Bilateral, symptoms mild, fully investigated 
previously. No treatment required

Aspiration pneumonia ; i 1 Xo symptoms. Cleared up without treatment
__ i * ... . _

1 iiatus hernia .. !
Substcrnnl thyroid .. ; 
Basal air cyst . . j

1 . All were symptom free and required no
2 treatment1I

i

*2 patients, aged M and 69. were lost sight of. Both radiographically had 
small tuberculous lesions but it was extremely doubtful whether they were 
‘active’.

TABLE 14.

Table 14 One-year follow-up of patients referred 
for further investigation after being missed by 
one or other of the readers.



87

the chance that the tumour will be recognizable radi©graphically at a 

given moment and this fact alone may be sufficient to account for the 

apparently good results

The resectability rate was higher in groups X-Rayed every six 

months than in the others and was higher when the tumour was detected 

during the six-monthly surveys (64%) than those X-Rayed at 3 yearly inter

vals (51%).

These results provide some modest encouragement for the belief 

that the widespread use of mass radiography may help to reduce the overall 

mortality from the disease. Prevention remains the best policy, but in 

its absence it is estimated that 1.-000 five-year survivors above the 

normal 1,400 might be obtained if men aged 55 years and over who smoked 15 

or more cigarettes a day were X-Rayed at six-monthly intervals.

22. SPIRQMETCRY

The use of the Spirometer is becoming universally accepted as ess

ential in the diagnosis of respiratory disease. It is the simplest means 

of measuring respiratory function, takes little time and is harmless. It 

can be easily performed and is remarkably inexpensive. As yet, research 

in its use in mass or selected surveys, is only beginning.

Chronic respiratory disease lias become a major public health prob

lem afflicting an estimated 15.000,000 people in the United States. Spec

ific diagnosis such as "Chronic Bronchitis," "Pulmonary Emphysema" and 

"Bronchial Asthma" comprise the great majority of chest disease. In 1959, 

there was a 150% increase over 1954 in the number of deaths reported from

pulmonary Emphysema and a 44% increase from Bronchitis. In 1962, 70,000
(51)

deaths were attributed to chronic respiratory diseases.
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Detection of persons who have a mild obstructive ventilatory 

syndrome should lead them to earlier treatment. This might delay or pre

vent the progression of the illness to the stages of disability and death. 

Also, of: diagnosis of these diseases should lead to a better understand

ing of t prevalence and natural history.

Tht great majority of chronic respiratory diseases manifest increas

ed resistance to the flow of air from the lungs. Fortunately increased 

airway resistance produces characteristic slowing of the flow rates of 

expired air which may be measured on a spirometer. There is definite

evidence that mass ventilatory screening is feasible for persons over 40 
(52)

years of age.

25. DATA FHOCbSSIKG IN MULTI TESTING.

Whilst in administration the stress in the use of the computer is 

on data acquisition and rationalization, the awn in the clinical applica

tion of the computer is to make a contribution to better and quicker 

diagnosis and treatment free from evaluation errors but with greater dif- 

erentiation thanks to the more manifold possibilities of evaluation. The 

computer cannot relieve the physician of the task of making a decision.

It does, however, present the information obtained from the examinations in 

a clearer and better process form and relieves the physician from the 

strain of having to remember too much, apart from the fact that it eliminates 

the danger of one or the other details of an examination and evaluation of 

a case from being forgotten. In addition,of course, there is the advantage 

of storage of the clinical patient data and the rapid accessibility of the 

same.

The following summaries briefly sketh the most important possibilit.-
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ies of using a data processing system clinically. Also for these tasks

punched cards have to be used in some cases as an interface between the

measuring equipment and the computer. In many cases, however, faultless

transmission and, above all, high speed in the transmission of the patient's

signals is absolutely necessary so that direct connection of the measuring
(57)

equipment to the computer is to be preferred in such instances

1. LAUORATORY TUSTS.

An important field of application for the cfeta processing system as 

lias been demonstrated is the pick-up, calculation and recording of data 

supplied by equipment in the medical laboratory. As a rule the data supp- 

lied by the individual samples is fed directly into the computer where it 

is tested for accuracy, corrected if necessary, and stored or computed as 

intermediate results. In conjunction with autoanalyzers, a major part of 

the laboratory can be made automatic in this way. Unfortunately not all 

equipment in the medical laboratory can be connected directly to the com

puter so that some of the data must be fed into the computer by means of 

punched card or teleprinter. Of course the computer can also be used for 

controlling and planning the functional operation of the laboratory. Some 

systems of this kind are in use - but with punched card interfaces - part

icularly in the USA. It is to be expected, however, that with more modern 

systems the measuring instruments will be connected as far as possible to 

the computer.

2. EGG

At the present time the best known application of a data processing 

system in diagnosis is its use in analyzing and evaluating electrocardio-

grams. Here the heart potential tracing recorded -
‘ ^ one or more heart
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beats (electrocardiogram) is divided into 100 to 1000 sections, whose 

amplitude is measured and stored by the computer. (An analogue tracing is 

turned into individual digital values). With the aid of measuring progr

ammes the position, height, slope and interval between the individual 

waves of the EGG relative to one another can be determined and recorded or 

written out as digital values. These values are then compared with "nor

mal values" and computor write out gives ECG diagnosis.

Similar consideration although not discussed apply to the EKG as 

with the LCG. The problem of correlating the data measured to certain 

definite diagnosis or diagnostic groups has, however, hardly been invest

igated.

3. X- RAY DIAGNOSIS

Mere it should be mentioned that with good photometers it is poss

ible to scan radiographs point by point and store in the data processing 

system the density distribution recorded so that it can be evaluated and 

reproduced in a similar manner to that used with scan images. However, 

investigations into this are in the early stages.

4. ___ RESPIRATORY FUNCTION TESTS.

This field is still in its infancy and the "normal values" have not 

been fully established and until these parameters are decided automatic 

interpretation of results cannot be achieved so that data can only be fed 

into the computer by means of punched cards etc. The reliability of these 

tests is still under examination and patient co-operation is essential in 

carrying them out.
(54)

24. PRODUCTION AND EFFICIENCY IN MEDICAL LABORATORIES.

In conclusion, medical laboratories face acute shortages of tech-
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nicai manpower, and the causes are seen to stem from

(a) A rising workload

(b) The acceptance of a prescribed in-service training

commitment.

(c) Wastage of personnel.

(d) A reduction in working hours and increased leave.

It is suggested that these are essentially problems of management 

which come properly within one of its designated functions _ "the effic

ient use of available resources."

Ari analysis of the causes contributing to technical staff shortages 

shows that, apart from wastage of personnel

(1) Student/junior technicians are wastefully employed

on non-technical duties.

(2) Available categories of ancillary staffs are not 

being utilised.

(3) Clerical resources are not being properly utilised.

(4) Mechanisation and the use of commercially prepared 

materials are not sufficiently exploited.

Most of these problems can be overcome by introducing multiple in- 

vesitgations on admission or pre-admission of patients, as with this system 

will come new equipment, new duties, different categories of staff and by 

the utilization of new, automated and sophisticated equipment the proper 

utilization of human resources.

25. THE KAISER FOUNDATION HOSPITAL

This hospital has introduced a most comprehensive automated multi-
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test, laboratory. Where possib3e this centre is used for men and women who

are “routine" admissions as a form of pre-admission for medical cases and
(55)

pre-operative evaluation in surgical cases.

Figure 26 shows how the centre has been constructed. It consists of 

a series of stations which are connected with an automated multi-test lab

oratory and all stations are on line to a computer, which not only provides 

advice but furnishes a final summary report.

The diagram illustrates the flow of patients from Stations 1 to 20. 

The process takes from 2-3 hours. It can process 2,000 cases a month 

working a 40 hour week.

Tiiis hospital has one of the best planned and most nioderrly equipped 

units in the world with an overall view of total patient investigation.

For this reason it is proposed to elucidate the 20 stages that each indiv-
* y

idual proceeds through. This done in Appendix II of this Chapter Cl/2/1- 

Cl/2/6 Page 105 .

The concept may be considered as more applicable to mass population 

screening but there is so much sound basic medical investigation that when 

modified this could be the basis of multiple investigations on admission

or on pre-admission.
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FIG. 26
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DISCUSSION.

From the literature reviewed there is an obvious lack of adverse 

criticism regarding Multiple Investigations on admission or pre-admission 

to Hospital. The object of this chapter is not to carry out a critical 

analysis of the literature but to present some of that which is available.

Due to tlie concept of multiple investigations being comparatively 

new the procedures and equipment are still undergoing modifications and 

tiie reports to-date, although very encouraging, do not reflect an accurate 

assessment.
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wLi./i cvi.ci_t-.i_o ii

[\a
K.
Cl
«co3
B. U.N.
Great.
P.
S.G.
Ca.

Mg.
Aik. Phos.
A1 b.
Glob.
S.G.O.T.

S.G.P.T.

L. D.I1.
C. P.K.
Tliymol Turl . 
ZnSO^ Turb. 
hr.
Fe.

Bodium
Potassium
Chloride
bicarbonate
151 ood b'r ea h i trog en
Croatini ne.
Phosphorus.
Specific Gravity.
Calcium 
Magnesium
Alkaline Phosphatase 
Albumin.
Globulin.
Serum Glutamic Oxaloacetic 
Transaminase
Serum Glutamic Pyruvic 
Transaminase
Lactic Dehydrogenase.
Creatine Phospho Kinase
Thymol Turbidity.
Zinc Sulphate Turbidity.
Bromide
Iron
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GLOSSARY OF AEEREVIATICES (ccntd.)

I.B.C. Iron Binding Capacity

P.B.I. Protein Bound Iodine.

Acid I’hos. Acid Phosphatase

B.S.P.
BromSulphthalein.

Met. Mb. Met Haemoglobin

Swlph. lib. Sulpli Haemoglobin

Cu. Oxidase Copper Oxidase

Cu. Copper

SIA Test Sia’s Test.

G.T.T. Glucose Tolerance Test.

Time Hr. Min. Time, Hours, Minutes.

Vol. Volume

U.N. Urea Nitrogen.

17-KS 17 Keto Steroids

i7-ones 17 Oxogenic Steroids.

D-XYLCSE Dextro Xylose

5-CIIIAA 5 Hydroxy Indole Acetic Acid.

13.J. Prot. Bence Jones Protein.

L.E. Cells Lupus Erythematous Cells.

R.H. Factor Rhesus Factor.

lib. Ilaemog lobin
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Cl.035‘3v OF 51 BO OVT IT TON'S (contd.).

Total WCC. Total ’White Cell Count.

I.1CV. Mean Corpuscular Volume.

MCll. Mean Corpuscular Haemon]ob5 n.

MCI 1C • Mean Corpuscular Haemoglobin 
Concentration.

ori
u kA k • Orythrocyto Sedimentation Rate

PI. Prothrombin Index.

Differential WCC. Differential White Cell Counts

BP. Blood Pressure.

i-CG. Electrocardi ocjraph.



95

Cl/1/1
APPENDIX 1

THE DSE OF PUNCHED CARDS IN 
UBlftATCRIES

The system in the Pathology Department, Conemaugh Valley Memorial 

Hospital, U.S.A. is as follows:

Rcqui sit.ions:

"The requisition itself is a single part form on which are listed 

the most commonly ordered tests in chemistry, haematology, serology and 

coagulation (Fig. 14). Frequency analysis of laboratory tests showed 

that tests comprised over 99% of laboratory volume in these areas.

These tests were arranged in a clinically significant sequence and ass

igned sequential numbers for data processing purposes and then rearranged 

alphabetically to facilitate selection by nursing personnel. Clinicians 

can also order batteries of tests (Fig. (15)). "

To use the requisition

"The nurse stamps the sheet with an addressing machine plate to pro

vide patient identification and location and simply checks the procedures 

desired.

"The bottom 6 inches of the requisition form may also be used as an 

interim reporting form. Emergency tests must be performed at any time of 

the day or night, and unless wc wished to staff the data processing fac

ility 24 hours a day, seven days a week, a machine report could not be 

produced. Furthermore, as in most community hospitals, admissions are 

heavy in the late afternoon, often for surgery the following morning, and

the results of admission studies should be on the medical record before
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patient goes to the operating room. Telephone reporting of laboratory 

data is notoriously unsuccessful since the person receiving the call may 

record the result incorrectly, assign it to the wrong patient, or lose the 

message entirely. The hospital’s policy therefore of providing a hard 

copy to the medical record as soon as possible after the test has been 

completed and the bottom section of the requisition forms fill that need. 

On it are listed the tests most commonly requested on a non-routine basis, 

together with the units in which the result is expressed. The test is 

performed, the results written in the proper location, and the entire 

sheet duplicated on an electrostatic copier. The bottom section of the 

requisition is then detached and sent to the nursing station. The copy 

is sent to the data processing facility where the resales are transferred 

to punched cards for inclusion in a machine-produced report and for bill

ing purposes. This same reporting method is used on Sundays and holidays. 

Preparation of Result Cards

"Laboratory results are recorded on standard OO-column cards by the 

technician performing the test. Routine requisitions for tests to be 

performed the following day are in the laboratory by 11 p.m. The requi

sition sheets are arranged in patient number order and quickly scanned for 

duplications or errors. The patient number and the test number are then 

keypunched into requisition cards. The keypunch is operated under the 

control of a programme card which permits the rapid entry of this data.

A separate card is produced for each test required. The programme card 

permits duplication of the patient number if more than one test is reques

ted per patient, thereby reducing the opportunities for error. "
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" Since approximately 50'/U of the laboratory volume is comprised of 

test batteries, decks pre-punched for these are prepared and stored in a 

tub-file. When a batter is requested, the key-punch operator needs to 

punch the patient and battery number into only one card, together with a 

code punch; the decks of pre-punched cards are collated by hand, and 

the patient identification and date information is intersperse gang punched 

into the pre-punched cards."

"The requisition cards are then sorted into patient number order and 

collated with a patient master deck. The patient master deck is made up 

of cards that contain the patient identification information. These cards 

are prepared when the patient is admitted and contain name, number, location 

and a physician code. These patient master cards are collated in front of 

the requisition cards, and the information they contain is intersperse v 

gang punched into the requisition cards and the test master cards are then 

sorted cut for later reference. "

"Result cards are then reproduced from the requisition cards cn the 

reproducing punch. Three types of result cards are used:

1. General, on which may be written the result of 

any single tests.

2. Haematology, on which may be entered a complete blood

count, i.e. white blood cell count, haematocrit and 

haemaglobin values, and differential count, and

3. Comment, on which may be written any comment the 

technologist may care to make regarding a test, e.g. 

pr ote i n-bound i od i n e- 0 ontam j,na tfid
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"The result cards contain the patient’s name, number, location, 

test name, test number, dimensions data, time of sample collection, and 

space for recording of results.."

Preparation of Lists*

" blood Collection List. In this institution, blood specimens are coll

ected by a team made up of technologists, students, part-time employees 

and only rarely by interns or residents. To inform the team of the spec

imens to be collected that day, a collection schedule is printed from the 

requisition cards. The cards are sorted, first into patient number order 

and then by nursing station and the schedule is generated on the account

ing machine. The machine is programmed to skip to a new form when the
- %

nursing station changes so that a separate sheet is obtained for each area. 

Tiie schedule is prepared in duplicate, one copy is returned to the labor

atory with the specimens and the second is left at the nursing station to 

show that the specimens have been collected.'

" Work List. After the printing of the collection schedule, the 

cards are sorted by work group, and a work list is prepared. These lists 

are delivered to the laboratory with the result cards and serve as a 

schedule of work to be done at that station that day, as well as a log and 

laboratory record. These lists are separated along lines of activity, e.g. 

glucose and blood urea nitrogen analyses, potassium, sodium, carbon dioxide 

and chloride determination, pH and arterial carbon dioxide pressure (PC02). ' 

Entering of Results.

"Results are written on the cards and also mark sensed in the proper 

bubbles. Originally it was planned to perform a double punch blank column
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detection in this field but the difficulties encountered with zero 

suppression made this impossible. This procedure, therefore, serves only 

as a check on the technologist since he must write the result twice. All 

cards are verified with another technologist before being returned to the 

data processing facility. There, the results are key-punched into the 

cards and again visually verified."

'■Interim Reports. Since a goal of the new system was to have res

ults available as soon as possible, several types of reports were designed. 

Mention has already been made of the report form for emergency work. A 

second type of report is the interim, or ward report (Fig. (16)). This 

report is a listing of tests performed on patients at each nursing unit o"d 

is made available as soon as a significant block of work is complete, e.g.
- t

prothrombin time, electrolyte levels, glucose values. The first of these 

reports is sent to the nursing unit at about 9.15 a.m. and contain0 tlie 

prothrombin times and early glucose analyses. The second report is pro

duced at about 10.30 a.m. and updates the first with electrolyte and other 

glucose values. The third report is produced about noon and contains all 

work done until that time, again as a simple list. "

"’Summary Keportinn Summary reports (Fig. (17)) are prepared each day 

except Sunday and contain all reports during any one calendar week. The 

report is updated each day with new results and replaces any previous summ

ary that was on the medical record. At the end of each week, the final 

report is left as a permanent part of the patient's chart and a second summ

ary sequence is started. Since the average length of stay is ten days, most 

patients have two summaries on their record by the time of discharge. The
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summary report is the most difficult to produce on unit record equipment.

Since our accounting machine has essentially no memory except for digital

information that can be stored in counters, all information that appears
(24)

on the reports must be presented to the machine on a card.
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THE KAISER FOUNDATION HOSPITAL.

The following are the 20 stations used in the Multi-screening pro

cedures carried out at the above hospital.

Station 1, The patient registers at the reception desk. He receives 

a clipboard containing a medical questionnaire form and a deck of cards 

(pre-punched for computer input with his medical record number) upon whicii 

are to be recorded the test results at each station. The patient*s elec

trocardiogram card is dispatched by pneumatic tube from the reception desk 

to Station 3.

Station 2. The patient removes the upper body garments in a dressing 

booth and puts on a disposable paper gown.

Station 3. Six electrocardiogram leads (AVR. AVL. AVF. VI. V3. V5) are.

simultaneously recorded by means of a direct optical recording oscillograph. 

The ECGs are subsequently read by a cardiologist who records his inter

pretations on a "mark sense" card using pencil marks that can be sensed 

directly by a card-reading machine for input to the computer.

Station 4. Weight and skinfold thickness (subscapular and triceps are 

measured with a caliper) and this data is key punched into the patient’s 

anthropometry test card. By means of an automated anthropometer, 12 height 

and transverse body measurements are recorded directly into the patient*s 

punched card within three minutes.

Station 5. A TO mm posterioanterior chest X-Ray is obtained, to be read 

subsequently by a radiologist who records his interpretations on a mark

sense punch card.
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Station 6, Mammography is performed on women 48 years of age and over. 

Cephalacaudal and lateral views of each breast are taken. Mammograms are 

subsequently read by a radiologist who records his interpretations on a 

mark sense card. The patient then returns to the booth in Station 2 and 

redresses.

Station 7. The patient ingests 75 gm of glucose solution in 240 ml of 

cold carbonated water dispensed from a vending machine. The time of glu

cose ingestion is recorded by an automatic time stamp on the back of the 

card and the patient is assigned a sequencing number from 1 to 24 for con

trol purposes and for later assignment to a booth in Station 14.

Station 8 Supine pulse rate and blood pressure are measured by an

automated instrument and recorded on a mark sense card.

Station 9. Visual acuity is tested by reading a wall chart, and a 

pupillary light reflex is tested. The results of these tests are recorded 

on a mark sense card.

Station 10. Ocular tension is measured by a tonometer, and the reading 

is recorded on a mark sense card. A drop of phenylephrine hydrochloride 

is placed in the right eye to dilate the pupil for later retinal photograpy. 

Station 11. The Achilles reflex one-half relaxation time is measured to 

screen for hypothyroidism. An experimental pressure tolerance test is also 

performed on the ankle tendon at this station.

Station 12. A one-second, two-second, and total forced expiratory vital 

capacity and peak flow is measured with a spirometer and is recorded on a 

mark sense card.

Station 13. Hearing is tested with an automated audiometer for six fre

quencies in each ear, and the graphed readings transferred to a mark sense

card
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Station 14, The self-administered medical questionnaire form that the 

patient received at Station 1, and which had been completed during any 

waiting periods between stations, is now audited by a nurse. The patient 

is then assigned to one of 2d questionnaire booths in accordance with the 

sequencing number received at Station 7. In this booth, the patient re

ceives a letter box containing a deck of 207 pre-punched cards, each having 

a single dichotomous question printed on the card. The patient responds to 

each question by taking the card from the top section of the divided letter 

box and dropping the card into the middle section if Iris answer to the 

question is "yes", or into the bottom section if his answer is "no". The 

procedure automatically sorts "yes" responses for direct input to the com

puter by means of a card-reading machine.

Station 15. As a part of the preventive medical programme, tho patient 

may here receive a booster dose of tetanus toxoid with a high ipressure jet 

injector.

Station 16. When an hour has elapsed since ingestion of the glucose 

challenge dose, the patient is called from his assigned questionnaire 

booth and is sent to the laboratory where blood samples are drawn for 

haemoglobin, which blood cell count, veneral disease, research laboratories 

test for syphillis (VDRL), rheumatoid factor (latex fixation slide test), 

and blood grouping. The test values are recorded on mark sense cards.

From a single 2 ml. sample of serum, eight blood chemistry determinations 

(serurn glucose, creatinine, albumin, total protein cholesterol, uric acid, 

calcium and transaminase) are simultaneously done within 12 minutes by a

multi-channel automated chemical analyzer; test results are directly 

punched into cards.
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APPENDIX 2. (contd.)

Station 17, A urine specimen is collected and tests are done for 

bacteriuria (cultured six hours with triphenyltetrazolium chloride), and 

for pH, blood, glucose, and protein (paper strip tests). The results are 

entered on the patient*s test card.

Station 18, The patient returns to his questionnaire booth: when he

has completed all his questions, he proceeds to Station 18„ where a photo

graph is taken of the right retina with a fundus camera. Retinal piloto- 

graphs are subsequently read by an opthalmologjst. who records his inter

pretation on a mark sense card.

Station 19 The patient returns to the registration area and gives the 

receptionist the clipboard containing the marked and punched cards and the 

questionnaire form. He now receives a second box of questionnaire cards, 

which isapsychological test.

Station 20. The patient again sits in a booth in this station, and he 

sorts 155 psychological questions into "True and False" responses using a 

sort box in the same manner as he did with the medical questionnaire in 

Station 14.

By the time the patient has completed the psychological questionnaire 

the "on-line" computer processing has been completed, and supplemental tests 

and appointments "advised" by the programmed rules of the computer, are 

arranged for the patient.

Routinely advised are a sigmoidoscopy for all patients aged 40 or 

more. For women, a gynaecological examination with cervical smear for cancer

detection is advised.
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APPENDIX 2, (contd)

DATA PROCESSING RI-QUIimiliNTS.

Most of the data generated in the automated multi-test laboratory 

is recorded on prepunched or mark sense cards to permit its immediate 

introduction into the data processing system. As on "on-line" procedure 

while the patient is in Station 20. the computer processes the information 

from

1) The punched cards from anthrcpmetry and chemistry

2) The prepunched sorted cards from the medical questionnaire

box and

3) The reproduced mark sense cards from respirometry, 

hearing, vision, urine paper strip tests, haemoglobin 

determination, and white cell count. The punched cards 

are read into a data communication system, and the 

data are transmitted via telephone line to the central 

computer in a separate building.

The computer processor goes through a programme routine containing 

various test limits and decision rules, and prints out a report constitut

ing "advice" as to any additional procedures.

When all information has been received and stored, the computer 

produces a printed summary of all test reports and questions answered "yes

At the time of the patient's first office visit, the internist 

reviews the summary report and directs further history toward elaborating 

upon the questions to which the patient has answered "yes" and to the test 

abnormalities reported from the automated multi-test laboratory. The

doctor with these reports completes his physical examination, records the
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findings and diagnoses on a preprinted form, which can be automatically 

scanned by an optical mark reader, and then proceeds to arrange whatever 

medical care is necessary for his patient in the usual way.
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Medical equipment has become more sophisticated, especially in 

recent years. Computers, Electronic and improved instrumental on, has had 

a far-reachi ng impact on patient-care.

The effect of improved equipment on laboratory efficiency has all

owed the pathology department to meet the ever-increasing work load.

There does not appear to be any sacrifice of quality of results at the 

expense of quantity of work performed. Because of the equipment available, 

hospitals in various countries are now producing bio-chemical profiles 

on admission.

Methods exist for controlling the quality of test performance in 

bio-chemistry, haematology and to a lesser extent in micro-biology, 

blood banks and anatomic pathology. Standard solutions and reagents are
r %

more consistent and widely available and quality control procedures have 

been refined and simplified.

In cardiology new machines have minimised electrical interference 

and because of improved standardization procedures, BCG tracings are of a 

better technical quality giving a truer and more reliable write out which 

allows for easier interpretations. Machines may be of the standard type 

giving a normal read-out or the machine may be linked to a computer which

has been programmed to read ECGs. The reading nay be on line using an

Analogue-Digital Converter, or may involve the use of a Dacta-phone or

similar transmitter linked to a computer. Alternatively the BCG may be 

manually measured and the figures feed into the computer and the computer 

reading obtained.
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Similarly programmes for measuring respiratory function using 

Spirographs may or may not be linked with computers.

In the field of Cytology, Cervical Smears, are now being screened 

by automated machinery - but this is only in its initial stages. Readers 

are still generally being used to screen these tests.

The usage of computers in medicine covers mainly 5 areas - Admin

istration, the processing Laboratory investigations and Clinical data, 

Medical Records, Medical Research and Information Retrieval In consider

ing multiple investigations upon admission the processing of investigations 

the storage of results, their retrieval and the presentation of results are 

most important.



113

MULTI-TEST EylTRMEET.

The following are the tests that are most commonly used in multi-
(06)

screening on admission and the equipment that is used to carry them out. 

The Appendix of this chapter will elaborate on specific items of equipment

1) Chest X-Ray

This is done by a 70 m.m or 100 m.m. film postero-anterior pro

jection and requires to be read by a Radiologist.

2) hiectrocardiogram.

The ECG may be a conventional 12 lead or a modified 6 lead tracing. 

In some centres it is combined with a phonocardiogram. The results can be 

recorded by Mark-sense cards. The LCG can then be evaluated by computer 

analysis. However, in Australia it is probable that for some time card

iologists will fulfill this function and the reading can be entered via 

an input metnod into a computer onto the patient’s profile.

3) X-Ray Mammooraphy.

This is recommended to be carried out on women over 4G years of 

age. Special views of each breast are taken; mamrnographs are read by a 

radiologist.

4) Visual Acuity

This is performed by reading an ordinary wall-chart.

5) Tonometry

The intra-ocular pressure is measured by an electric tonomograph.

6) R c sp 1 r at. or v F nnct. i on Tes t s.

Vital capacity and other respiratory ratios are measured on a 

spirograph and recorded manually. These can be then entered on Mark-sense

cards.
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7) ili; a ring Tests.

These are recorded by automated audiometers. The graphed reading 

transferred to a Mark-sense card.

8) Urine Tests.

These can be carried out manually using paper-strip tests or by 

automated laboratory tests.

9} R e t i n a ] P h o t oq r a. n 1:.

Retinal photography is done by a special camera through a dilated

left pupil. The results are read by an Opthaimologist. Unless contra
indicated this test is usually performed on all admissions.
10) Questionnaires.

These are self administered in the form of pre punched cards each 

with a single question. The patient drops the cards into yes/no boxes 

and a card reading machine records the results.

11) Bod y Mea s urernen t s.

Special machines have been built to measure height and transverse 

body measurements which can be automatically recorded on punch-cards.

12) Blood Tests.

Haematological investigations VDRL, Rheumatoid factor, blood groups 

and various chemical tests can be carried out by multi-channel autoanaly

sers and the results directly punched on cards.

13) Siomoidoscopy

This is a simple piece of equipment and is recommended on all 

people over the aye of forty.

14) Cervical Smear.

This examination still requires the evaluation of a trained reader.-
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Major items of equipment can be considered as

a) Biochemical and Haematological.

b) Electrocardiographs.

c) Chest X-Rays.

d) Computers.

The minor items mentioned in the above series will not be described. 

The whole concept of multi-screening on admission to hospital must 

be considered as an application of automated data-processing into which 

the items of equipment fit as integral part.
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. ADVANCED AUTOMATA!) PI PCI 11.MICAL AND HA1M-TULOGTCAL 
LplilPMFNT - GUNLRAL PR1P.CIPLU3. ~ "

Hiochemical

Since 1957 there have been rapid advances in automated equipment 

in this branch of Medicine. This was due mainly to the realization that 

only through such advances could medicine keep abreast with the increas

ing number of specific tests requested per patient, the increasing number 

of patients and the decreasing number of technicians. By manual methods 

the increasing work-load upon laboratories would never have been able to 

be managed by the technicians available.

Tiie increased reliability in testing and the decrease of human 

errors to a minimum have been important features of this new equipment.

Autjo-analysers which were at first single unit analysers have now 

beer, produced as multi-unit complexes usually in groups of 6. 12 or 24.

The following general principles are involved in the use of auto

analyser eq uipm ent.

1) Request Form

2) Collection of the Samples

3) Reagents.

4) Method of Determination

a) Calorimetric Methods.

b) Fluorometric Methods.

c) Flame Photometric Methods.

5) Presentation of Results.

a) Graphic Form

b) Digital Write Out.
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6) Computer Linkage giving:**

a) Intermittent Daily Ward Reports.

b) Daily Patient Reports.

c) Summary Format.

1) Request Form

The request form are usually of a special type produced to meet

the requirements of the individual machine and to fulfill the needs of

the hospital concerned. However certain basic principles are required on

each form. In chapter 5 Appendix 7 page393 shows the request form which
*t

has been adopted at RGJi(C). This Request Form consists of 4 tear-off 

strips which are used for patient identification. On this strip or stub 

is the patient's identification number and the tests requested. This 

stub is attached to the Sample and the same identification number appears 

on the results chart when produced by the Auto-analyser. The Requisition 

Form which;has spaces for other information Is demonstrated .in Appendix 

7 05/7/1 Page 393.

2) Collection of Sonnies.

The Request Form is filled i.t by the Ward Doctor or Admission Doc

tor and sent to the laboratory with or without the Sample. If there is 

no Sample this is then collected and attached to the appropriate slip.

The blood is collected and placed in a special container with the 

Identification Tag and placed in a turntable which allows the material 

(Serum) to be fed into the Auto-analyser.

3) Reagents.

These are produced by the individual firms themselves and they have 

achieved a high degree of consistency. Lach cartridge has its own reagent, 

T ROil(C ^ = Repatriation General Hospital. Concord
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Method of Dotermi nat i on

The Auto-analyser consists of a number of analytical cartridges 

which carry out various bio-chemical analyses using one of three princi

ples.

a) Colorimetric Methods.

b) Fluorometric Methods.

c) Flame Photometric Methods.

The various typesof tests that can be performed by these methods 

and the actual chemical combinations used in performing the tests is 

illustrated in Appendix 4 Page ^66

5) Presentation of Results.

The results are usually produced in an Analogue Form on graph paper 

as shown in Fig, (6) on Page 26 • At the same time there may be a Dig

ital Write-out which may also be incorporated in the system or Punch-Cards 

or Punch-Tapes may be produced. The Autoanalyser may be itself connected 

directly on-line to a computer. Fig. (27.)

6) Computer Linkage.

In order to achieve full advantage of automated bio-chemical tests 

computer linkage is desirable not only because of the method of storage cf 

results and their accessibility but also because of intermittent daily 

ward reports, daily patient reports and summary formats can be produced.
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Diagrammatic layout of an on-line real time computer system for
Biochemistry Departmont.

Printer

Figure 27
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Tin; General Concent, of Mul1i-Channel Auto-Analyser "Continuous Flow Concept1*

One manufacturer of Multi-channel Auto-analysers developed the 

concept of "continuous flow analysis". In this system each sample is 

subjected to identical analytical conditions. Samples and Reagents, seg

mented by air bubbles flow through the system. Samples follow each other 

continuously through a system of tubes, these are brought together with 

Reagents under controlled conditions. Progress from one module or capsule 

is completely automatic. The resultant reaction is then measured by one 

of the three methods. The results being automatically measured and re

corded.

In the concept of "continuous flow analysis" a relevant factor is 

the machine’s ability to achieve and record a steady state condition e.g. 

when concentration in the flow cell is contant with time. The .character-v 

istic shape of the curve produced, or steady state portion, representing 

the time period during which concentration is in a state of equilibrium.

When this steady state is achieved it can be assumed that all effects of 

possible sample interaction have been eliminated and that the recorded 

signal gives a true reflection of the constituent of the sample being 

measured.

The air bubbles which flow through the machine do so at a constant 

rate and serve three purposes.

a) Separation of the Sample.

b) Mixing of Samples and Reagents.

c) Cleaning of the tubes between Samples.
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Haematology

This section of the Pathology Department has undergone automation 

but to a lesser extent than in Bio-chemistry. Automated procedures are 

now widely used in major institutions for several determinations e.g.

Ilb., RBC, WBC. MCH, MCIIC, MCV, and Ilaematocrit. Other equipment is also 

available for blood groupings and Rh determinations.

There are two major manufacturers of equipment in the automated 

Haematolocj3.cal field, they are the SMA 7A and Die Coulter S. These are 

considered in detail in the Appendices of this Chapter. Both give the 

same determinations. The original SMA gave a graphic write-out whilst 

the Coulter S. gave a digital print-out. The SMA can now be attached 

to its own analogue digital converter which gives a digital write-out.

The Coulter S. is considered by many as a less complicated'machine ' 

but it requires a technician to hold the blood sample in front of the 

machine input. The digital write out appears at the output end. Approx

imately 1000 samples a day can be handled by the machine. Errors as regard 

sample identification are rare for the write-out is for the sample that the 

technician is holding in front of the input section of the machine. Hum

an error as regards collection of tiie sample or transcribing the name from 

the sample to the write-out is the factor which cannot be eliminated. Tech

nically the machine is extremely accurate.

The SMA 7A is similar to the SMA 12/60. It can be used with all the 

attachments as with other SMA machines e.g. Turntable, Technilogger li. etc.

It is equally as efficient as the Coulter S.

It requires 1 ml. of blood to produce the 7 determinations. The time

+ 1) Technicon Corporation. New York, USA, Manufacturers SMA 7A/4A
2) Coulter Blectronics Limited, Bedfordshire, Lnyland Manufacturers Coulters



for processing a sample is 4 minutes. The sample rote is 60 per hour and 

the turntable holds 40 samples.

The auto-analyser uses the "continuous flow concept" and the re

cordings are made at "steady-state conditions", as with the other SMA 

units.

A smaller machine, the SMA 4A, has a more limited use and produces 

a graphic write-out cf lib, Red Blood Cells, White Blood Cells and Ilacmat- 

oerit.

Automation in Haematology is limited mainly to the above determin

ations, However Blood Groupings and Rh Factor may be determined by 

automated equipment. This is being performed in Overseas units and at 

present in one hospital in Australia. Folic Acid assays and B^ assays 

are at. present being introduced into overseas hospitals on an automated 

basis.

Skilled technicians and pathologists are still performing many of 

the Haematological tests. A simple example of this is the Differential - 

White Cell Count. The Ilaematological field is not as automated as the
(07)

Bio-chemioal one where approximately 90^ of the tests can be automated.

Some immune antibodies are now being determined by automated equip

ment, however this is still in the research stages.

Preliminary screening of Carcinoma Cells such as in Cervical Smears 

are being carried out by automated processes. However this is only a 

screening procedure to differentiate between a normal smear and a possible 

abnormal one. The possible abnormal smears are then read by specially 

trained technicians or Pathologists.
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EL ECTR OCAPt I)TCGRAPii IC EQUT PMENT.

Electrocardiographs are usually performed as part of a pre-admiss

ion profile in oversea’s units. The standard 12-lead Cardiograph is the. one 

of choice; however, the value of a 6-lead Cardiograph as a screening 

procedure has merits which are still being evaluated.

The Electrocardiograph may be performed on a conventional machine 

and the tracings interpreted by a Physician. His reading can then be 

treated as a narrative report and entered into a computer complex via a 

Punch-card or any of the other conventional methods to be programmed into 

the patient’s profile.

A second method is the use of a conventional machine which records 

the normal 12-lead tracings. Technicians using measurement cards record 

exact measurements of the various components of the tracing. Punch- 

cards are then completed and are ready to be used as Data input. Section 

1/1 Page 48 in Chapter 1 describes this method of instrumentation and the 

computer complex used . A schematic outlining computer logic sequence 

is seen in Fig. (18) Page 52.

A third method represents a complete system with capabilities to 

provide automatic clinical evaluations of standard 12-lead electrocardio

grams. The basic equipment includes a magnetic tape EGG machine and a 

medium-sized digital computer. The computer accepts data directly by 

telephone or by tape playback. Each of the 12 leads is converted to 

digital samples, measured, and stored. A three-step programme then re

calls the measurements to be condensed, combined, and refined to one or
(79)

several diagnostic statements.
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The FCG can be taken in the conventional manner. It is then con

verted into a frequency modulated signal and recorded on magentic tape 

on a special data acquisition device which contains a tape recorder, a 

conventional electrocardiograph, and a patient coding circuit.

Automatic identification codes are important in fully automated 

systems. The first item recorded on tape is a patient cede number or 

other identifying data for the function being recorded Fig. (20). 

Calibration and other patient data, such as height and weight, are also 

added by the data acquisition device.

Transmission of the LXGs from the data acquisition device to the

computer may be accomplished bv the use of tapes, telephone transmission
(7&). «&') & (03)

of the signal as it is being taken, or by tape playback

In the processing system at the heart station the analogue signal ' 

is converted to digital computer’s core memory for electrocardiographic 

wave-form identification, recognition, and measurement of the standard
m) (8 5>

clinical amplitudes, durations and intervals. This manipulation current

ly takes approximately four minutes. On completion of these procedures, 

each measurement is stored and clinical interpretation by inter-relation 

of wave morphology from any number of leads follows as a three-step diag

nostic procedure to arrive at a standardized electrocardiographic diagnosis. 

This takes five seconds on the computer used. Data retention and recall is 

facilitated by storage of measurements in coded form on the computer’s 

internal digital magnetic tape Fig. (29). The three steps involved in 

diagnosis are data condensation, data combination and diagnosis. These 

are illustrated in Figs. (- 0) (31 ) (32 )
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CHEST X-RAYS,

Fhotof1uorography (or radiophotography) is the common method used
(91)

for mass chest radiography. The usual films used have been 35 mm., 45 

mm., 70 mm., and 100 mm.. The 100 mm. film produces a picture of 90 x 

90 mm.o The larger films cost more than the smaller. The 100 mm. films 

are only available as separate sheets for each exposure, apparently be

cause technical factors make roll film unsatisfactory.

There is some loss of fine detail in the 100 mm. photofluorograph 

as compared with the full-sized radiograph. Loss of details in 35 mm. 

film is mainly due to the size of the granules of silver of the film.

This factor is of minor importance for the 70 mm. film, and of even less

importance for the 100 mm, film. In both of these the major loss of de-
(75)

tail is due to the granularity of the fluorescent screen. The 100 mm. v
(76)

camera has 20'j better resolving power than the 70 mm.

The screen granularity appears to be the main limiting factor at 

the present state of technology. A screen providing more detail would 

require a greater dose of X-rays to the patient. Image intensifiers 

can provide photographs whose details is comparable with that of the 

photofluorographs of larger sizes, but their input diameter is limited at 

present.

It has generally been accepted that the 35 mm. and similar small

photofluorographs are for the detection of chest diseases in mass surveys,
(77)

the diseases then being identified with the assistance of radiographs.

On the other hand, the 100 mm. photof1uorographs provide so much detail as 

to be nearly as effective as radiographs for the detailed study of many

diseases of the chest, lhis is the reason for choice of 100 mm. for
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scr ceil i ng on admi s si on.

The X-ray exposure to the patient is about 1.6 to 2 times that 

required for a radiograph, but less than that required for lens cameras 

that have been used. For a postero-anterior photof1uorograph of the chest, 

the dose to the gonads of on adult is no more than 0.1 millirontgen.

[■lop n J\ d van tag es.

The cost of a 100 mm. film is about 12% that of 

35.6. x 43.2 cm. film.

There is less storage and filing space required. 

Radiographers are relieved of much carrying and 

handling of cassettes.
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TiiK COMPUTCR.

GKNRRAL PRINCIPLES.

Reference has been made to the computer itself in automated data 

processing. Consideration lias been given to the methods by which mater

ial may be fed into a computer and how it may be retrieved. Reference has 

also been made to the use ofAnalogue digital converters and the methods 

of online and offline input.

Multi-screening on admission to hospital would be‘•extremely diffi

cult without a computer. The screening would have to be limited in volume, 

both as to the number of patients handled and the number of tests perfor

med. The overall value would be similarly effected.

Fig (33 ) briefly diagramatically represents the basic functions 

of a computer.

Some of the terms used in connection with computers are found in 

Appendix IA Chapter 5 Page 383. Chapter 5 itself gives a typical ex

ample of the method by which a computer can be used in Multi-screening.

It describes the use of Visual Display Units, the use of a 1080 System 

and the IDM 360/G0 computer complex.

In some systems the input and output devices are combined in a

single unit such as a keyboard-teletype unit through which information

can be sent to the memory unit by using the keyboard and information can

came back through the key-typer or on the cathode ray tube monitor which

can be combined with a light pen and keyboard and allows the operator to

receive information in graphical, symbolic, numeric or pictorial form.

The former is relatively slow and cheap the latter (C.R.P. monitor) fast 
(90)

and expensive. The memory unit varies in word capacity with the size of
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BASIC FUNCTIONS OF A COMPUTE.

INPUT MUM CRY UNIT OUTPUT.

Punch Cards Mag n et 1 c Cores Paper Tape
Optical Scanners Mag n et i c Dr urns Magnetic Tape
Magnetic Ink. Magnetic Tapes Punch Cards
Paper Tape. Printed Reports.

V.D.U.

/.r 5th ru jet 1 o Unit,

"Numbers may be 
shifted left to 
right. Added, 
Subtracted Mul
tiplied or Divi
ded and certain 
decisions rea
ched.

Control Unit

exercises control 
over other units 
by telling them 
what to do. The 
memory unit holds 
instructions and 
other information 
which are sent to 
tlie control unit 
where they are 
interpreted. The 
control unit then 
tells the other 
units what to do 
and in what sequ
ence.

Fig ur e__33
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the computer.

Adapting computer techniques to multi-test screening is mainly a

problem of selecting the proper methods for the practical work. The
(86)

basic components are collecting, manipulation, and storing of data.

Data Collection

The problems inherent in data handling for screening are concern

ed with the collection of data and with obtaining the information in a 

form suitable for machine processing.

Punch cards, paper tape or magnetic tape are the usual means of 

recording information. The choice of which method is dependent to a 

large extent on the machinery available.

The Punch Card.

The Punch Card is easy to handle - can be punched, checked and 

sorted by simple machines. For screening, highly effective combinations 

can be used by combining the uncoded text with the punched holes. A def

inite advantage is the Punched cards allowing new information lobe added 

whenever needed.

There are many ways of changing punch cards to adapt them for spe

cial needs that are of interest for screening purposes. For instance a 

combination card - the dual card - offers the possibility of connecting 

visual information etc. to the coded punch card.

Punching is somewhat tedious work and needs well-trained personnel; 

it also introduces errors. Duplicate punching is often necessary, because 

errors in digital information may be misleading and dangerous. The check

ing of duplicates can be done automatically by machine (a "verifier”).
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Another technique of special interest in primary data collection 

for screening is the use of Mark-sensing cards. Instead of punching holes, 

marks are made on special areas by ordinary lead pencils, or by special 

ferrite pencils. The marks can then be read by machine. The Mark-sensing 

cards have less capacity, since the marks need more space. They are easy 

to handle, but it is easy to make faulty notations. For certain purposes, 

tiie IBM "Port-A-Punch" is useful. The cards are partly perforated, and 

a clear hole can easily be made with a pencil. The error inherent in 

Mark-sensing must always be borne in mind. However, the technique has 

been adapted for laboratory work, etc., with highly satisfactory results.

Paper tape as a medium is increasing in popularity. However, a 

special puncn is needed, which is inconvenient. One of the main drawbacks^ 

is that, of their nature, paper tapes store sequentially arranged infor

mation. Therefore, addition of data (or sorting, etc.) cannot usually be 

done without retyping.

There are also paper tapes with extra space for adding for example, 

the uncoded text and identification. Paper tape is somewhat unwieldy to 

handle in quantity. It is nevertheless a cheap and convenient way of 

storing information, especially for later data processing.

Llectric typewriters combined with punch and reader for paper tape 

(flexowriter, teletypewriter etc), constitute self-contained equipment.

Such equipment can serve as a "terminal", and is handy and not too costly. 

Simultaneously, it gives the uncoded text for visual checking of the infor

mation stored on the paper tape. When needed, the information can then be 

sent to a distant computer centre by using a modulating unit and ordinary
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telephone connections.

Magnetic tape and other magnetic media, such as discs, will presu*

mably dominate the future. The advantages are striking, with high capacity

and readily available information. On a large scale, they are economical.

/For multi-screening however, the use of these media is of interest only

for the processing and storage of information in a data centre where
(06)

factors other than screening needs will be decisive! However recording 

on magnetic tape is somewhat complicated, and requires special equipment. 

Data Processing.

There is a discernible trend to use large and fast computers cen

trally located, instead of smaller ones working at a lower speed, by 

means of a time-sharing technique, a large computer can perform many diff-
* X

erent operations concurrently, and is more economical. It is true that 

small desk-size computers are now available, which are comparatively in

expensive and not too slow. However, they are used mostly for data coll

ection on-line and as terminals, or for data reduction . They will pre

sumable not replace large computers to any appreciable extent, especially 

since the development of data-transmission technique has been very rapid. 

Data Storage

Generally speaking, extremely large memory capacity can be achieved 

today only by magnetic tape. This is a comparatively cheap method and not 

too space-demanding, but it has the disadvantage of a long access time.

The production of large disc memories with a very high capacity and a very 

short access time is an important development.

Computer centres are now able to store enormous amounts of data



Flg34 Uppsala University Hospital computer set-up.
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EVALUATION SYSTEMINSTRUMENTS

MANUAL AUTOMATIC

'Tq
Ng* All types of analytical equipment can be 

connected to the data collecting system, 
but at the same time they display their 
output in the conventional manner.
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and also to distribute them automatically to desired terminals, which 

may be as a write-out or on a Visual Display Unit.

Central Hospital Computers.

.ilu.'se are large units usually servicing various areas in the hospital 

and fulfilling a number of functions. They may. for example, store, sort 

and up-date medical records, perform various accounting functions, carry 

out. inventory procedures, roster staff, programme work in areas such as 

X-Rays, Pathology, Operating Theatres etc., allocate beds as well as other 

genera] hospital procedures. They have a memory bank depending upon the 

size oj the computer. The retrieval rate is dependant upon the method of 

storage of material and the size of the computer.

Depending on the time available and allocated to a section on the 

computer that section may be on-line or off-line. This would be largely 

related to the volume and importance of the work performed in that section. 

Small Laboratory Computers.

these are usually small on-line computers connected to the laboratory 

equipment. Some laboratory equipment has its own small computer incorporated 

in it, Ouher items of equipment have an optional small computer which may 

be attached to that specific piece of equipment.

A small laboratory computer is usually situated in the immediate lab

oratory area and is on-line to the equipment and gives an immediate digital 

write out.

The computer does have a 1 i mi tutorage capacity and usually gives a 

punch-card, punch-tape, or other method by which material may be fed into 

a larger computer for storage.
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The advantage in smal] laboratory computers is that the results are 

obtained immediately within the laboratory area and are available for 

checking and immediate distribution.
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DISCUSSION.

The following Discussion is incorporated in this chapter for it in

corporates important considerations directly related to the effects of 

equipment and automation on human relationships. The following points 

are considered

1) The effects of the Human Factor in Using Automated Uquipment.wi11

be one of the main determining influences in its successful implementation.

2) An important consideration is the transition from manual methods to 

a fully automated system.

3) The effects of automation and improved equipment 3n laboratory quality 

control.

The above three points are now presented as being relevant in this 

section as they deal directly with the success of automated equipment

and i t s i rnp 1 ementa t i on.
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THE HUMAN FACT01 IN USING AUTOMATED 
EQUIPMENT.

Hospital administrators believe that above all else, they must 

retain a focus upon the unique physical and emotional needs of the indiv

idual patient. They sometimes have had difficulty in reconciling this 

focus with their conception of computer operations as a vast, impersonal, 

and dehumanizing phenomenon.

To the medical and nursing staff, it may be a threat to status or 

authority, while to housekeeping, clerical and other personnel, it may 

appear to be an immediate threat to their jobs.

In any event, experience has shown that unless these threats are

dispelled, hospital personnel will not co-operate willingly with a data

processing programme. If they do not, the system probably will not work

effectively. Therefore, as many people as possible should be informed

about what is contemplated in their area and their future role in the

plans and the machinery being used. In this way, not only do personnel

feel a part of the plans, but many gross misconceptions about the computer
(58)

are dispelled.

VJertz predicted that "within the lifetime of most of us, every 

major hospital will be using computers and allied automated equipment as 

basic tools in diagnosis, as monitor's of patients* conditions in the cruc

ial hours after surgery and as compilers and analyzers of patient history 

„(59)information." To-day no one hospital computer is accomplishing all

these functions, but at certain hospitals, research and development activ

ities on these functions are progressing and certain of them are now real- 
(60)

ities.
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Wertz also predicted that "Centralized hospital data processing 

should be achieved within a community by 1970". As has happened frequent

ly when predictions have been made concerning future developments in data

processing, Wertz overestimated the time frame. Such systems are already
(61)

in operation in several communities.
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THE TRANSFER FROM MANUAL TO 
AETO..I,Ct1.L) METHODS?

The stage by stage transformation of various procedures from a 

manual system to a completely automated analytical system is shown dia- 

gramatically in Fig. (30 ).

"ManualSystem"

In the conventional way * manually performed methods arc employed 

as well as a manual collection of manual data, manual calculation with 

the slide rule etc. and a manual listing of results*

"Scml-A utomat ed Sv st cm

In the semi-automated system the manually listed basic data are 

manually punched into punch-cards for automatic data processing and list

ing by a computer.

"Automated System"

The basic data from partially mechanised chemical channels are 

automatically collected by a multi-piexing and signal conditioning unit 

and are automatically punched onto cards for "off-line" processing by the 

computer or the basic data are feed "on-line" into the computer for proc

essing and listing.

At the automated stage of development advanced systems for automa

tic process control can be introduced.

In a working hospital laboratory all stages of sophistication must 

be run in parallel if there is to be maximum benefit.

(57)
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(57)
Till- UBNKFITS. OF BETTIS hQUmiBbT.

By using automated test equipment and the collection of test 

results by computer the following benefits can be achieved.

1) Improved reliability results.

2) Possibilities for displaying the result in 

an improved manner.

3) Shorter time lag between test samplings and 

report of results.

4) Better "Book-keeping" of laboratory data in 

the patient5, s record.

5) Automatic up-dating of an "immediate access" 

patient*s file in the hospital computer.

6) Automatic up-dating cf various patient data 

registers by data transmission to the main 

computer centre, eventually containing all 

medical information about the patient. From 

these registers data can be retrieved for stu

dies of case histories, scientific work, pat

ient's statistics etc.

In order to make full use of three and four the communication 

between the laboratory and the wards should be integrated into a computer 

system. The logical sequence would be that each ward would eventually have 

its own terminal equipped with various input-output, devices.
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THE EFFECT OF /-UTOi'IATIC^ AN?J IMPROVED EQUIPMENT.

Eaboratcry Huai Ttv Control -

More precise equipment and a greater degree of automation have 

grown together, since improved precision minimises instrument errors 

while increased automation lessens the risk of operator error. Newer 

instruments also reduce the amount of handling steps for many specimens, 

thereby eliminating opportunities for error that accompany each step.

Equally important is the awareness of quality control that has 

been developed amongst and accepted by physicians, pathologists, labor

atory personnel and hospital staff in general. In considering quality 

control it is a serious mistake to consider that it begins and ends in 

the laboratory.

Errors can occur at any particular point in the multiple'stages 

through which the process travels from the ordering of the test to its 

result being filed in the patient’s record.

Errors such as drawing samples from the wrong patients or trans

cribing the wrong results are rare but they are often most serious. Cross 

checking is the simplest way to eliminate the risk of drawing the wrong 

sample e.g. name on wrist band, hospital number ward or bed number, age 

and sex.

To eliminate errors due to variation in collection procedures, wri

tten procedure manuals on sampling are most effective. These serve as 

orientation aids for new members of the staff and for training aids for 

technicians. Cross checking should also apply to the clerical work of re

porting and transcribing results.
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In the laboratory, the central element of most quality control 

programmes is the concept of statistical quality control. The concept 

embodies the theory of mathematical probability. Its implementation has 

been simplified by automation but there is still the human error in 

tests where technicians themselves do most of the figuring and plotting.

Biowchemistry is perhaps the simplest area in which quality con

trol programmes can be applied, for it is here that much of the work is 

repetitive and the results are qualitative. It is also one of the most 

important areas since it usually accounts for a major portion of test 

volume.

Bio-chemistry lends itself to frequent checking with ’’blind” spec

imens. A useful technique for spot checking and for monitoring new em

ployees.

Quality control in haematology is more difficult. Although the 

tests are still quantative in the majority of casesicchnician*s skill 

and human judgement plays a large role e.g. differential blood counts.

However automated machinery as in bio-chemistry has greatly simpli

fied areas in which quality control programmes can be used.

Micro-biology is a difficult area in which to apply quality con

trol in the strictest sense of the word. Tests are almost exclusively 

qualitative, human judgement is the decisive factor and risk of contamin

ation always exists.

Cross-typing and cross-matching of blood is especially important 

since any error here can result in the death of an individual. This is 

an area in which the human element must be checked and cross-checked in 

order to reduce the possibility of mistakes to a minimum.
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Anatomic pathology is the most difficult area to control systemat

ically, so quality will depend upon how carefully the work is done.

Automated equipment with standardized reagents and procedures has 

done much towards improving quality control in Australia. Methods of 

identification of samples has been improved and made almost foolproof by 

new automated procedures.

Quality control can be expensive, statistical quality control

methods, top quality equipment, and supplies can cost 10 per cent or more

of total billings in a large laboratory. The cost may be even higher for

a small laboratory. Fortunately, however, improved quality control can

help build laboratory test volume which, in turn, may increase hospital

income since, on i,he average hospital laboratories contribute 10 to 15

per cent of hospital income and account for only 7 to 9 per cent of 
(56) +

costs.

+ The figures quoted relate to American Hospitals and may not necessarily 
be applicable to the Australian situation.
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APPENDIX

A REVIIE OF AUTOMATED BIOCHEMISTRY EQUIPMENT.

1) AutoAnaliscr

The Autoanalyzer consists of a series of interconnected modulese

Samples are drawn off into a multiple-channel proportioning pump, which

serves to propel forward sample and reagents in correct proportions.

They are then brought together, dialysed, incubated and passed through a

colorimeter to give a chart readout.

Air bubbles are continuously drawn into the flow, both to separate

successive samples and to segment each sample stream. These bubbles not

only provide a barrier between samples, but also cleanse the system between

samples and assist in mixing sample with reagent.

Later developments of tiiis basic scheme are the Sequential Multiple
* ^

Analysis Sa stens which carry out a complement of tests on each sample.

The SMA 12/60 carries out 12 different analyses on each of 60 samples per „ 

hour. A pre-calibrated strip chart gives a direct presentation in con

centration terms. The physician can then see at a glance where results 

deviate from normal.

Technicon can also be incorporated for a complete online computer 

controlled analyser system.

2) Bionalvst.

Evans Electroselenium Limited (EEL) and Griffen and George Ltd. 

make the "automated chemistry module". It is unusual in that the sample 

cups proceed along the straight sides of the unit instead of revolving. 

Sample cups of 0.5 ml capacity and reaction tubes of 5 ml capacity are
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moved round by a conveyor system. They may spend a predetermined sec

tion of their journey moving through a thermostatically controlled in

cubator trough.

Tile system will handle from two to sixty samples, which may lie 

processed at the rate of 120 per hour. Although this automatic system 

uses methods not very different from those executed manually, it uses 

smaller volumes of sample and reagents. As with all these automatic 

systems, it also has the advantage over manual methods of increased 

accuracy and reproducibility ofmethod and results.

Optional with the Griffin module is the EEL automatic measuring 

and print-out colorimeter module. The cuvet.ter of the colorimeter is 

filled from the chemistry module just described. The module provides 

waveband coverage from 340 to 700 mp. and self adjustment to reference 

standards. Concentration is printed out in digital form.

3) Autolab.

Grant Instrument of Cambridge have used the Lin son system, called 

Autolab.

Sample tubes for the specimens are drawn through the machine in 

magazines linked together to form a chain. A measured quantity of 

specimen is drawn from the tube in the sample chain and transferred to 

the analysis chain. The specimen tube may therefore be fed through 

again for different analyses.

The tube holder of each magazine has an identification number, 

which is printed out with the analysis result. In urgent cases it is 

possible to insert extra magazines in the middle of the chain, and still

identify them in the printed record.
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Specimens are processed at the rate of 240 an hour. If incubation 

is required, the analysis chain can be led through a water bath. Any 

suitable print out unit may be used. The analyser is a photo-meter of 

range 340 to 700 mu wave-lenght. Specimen is dispensed into a 10 mm cuv

ette, which is rinsed before each analysis.

4) Cui It-in Centrifuge.

Quickfit and Quart have also developed a new automatic analyser.

This analyser is novel in that it includes a centrifuging stage as part 

of the normal automatic sequence. This is accomplished by a built-in 

micro centrifuge, capable of separating any precipitate encountered in 

traditional analytical procedures and also of handling liquid/liquid 

systems. This permits the use of whole blood as starting material, con

sequently cutting out several sample preparation stages during which 

there is a risk of accidentally mixing samples.

Batches of up to 32 samples of whole blood, plasma, serum and 

other specimens are passed through at a rate of approximately .100 per 

hour.

5) Mecolab

This system consists of a number of preparation units, each of 

which accepts a batch of 15 samples, an automatic photometering unit and 

a digital printer. As with many of these systems, the output can be ob

tained in a form suitable for computer processing. It can produce refined 

statistical information such as normal values and standard deviation.

6) Cl.inomak

This unit can handle 300 samples per hour in batches of 90. It has
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a built-in automatic colorimeter, where each sample is viewed in it own 

reaction cuvetter. As with most of these systems, it can handle ;these 

types of biochemical analysis but cannot carry out deproteinisation*

The machine can automatically measure by a flame photometer sodium, 

pot a s s i urn and c a 1 c i urn,

1)_____ Multichannel 300

Vickers Ltd, have produced the Multichannel 300. Twelve analysing

units are arranged in series, each coping with one type of analysis at 

the rate of 300 samples per hour. Samples are introduced into the system 

in special cuvettes, each labelled with a number to identify the patient 

A quantity of specimen for each analysis is withdrawn as the sample passes 

the appropriate analysing unit, and the complete list of results for each 

patient is printed out at the end.

8) Autochemist.

Tlij s machine, produced by the Swedish Company, A.G.A., is designed 

for integration with a totally automated hospital system including comm

unication with wards, other laboratories and hospitals as well as with its 

own central computer.

Requiring a free floor space of 18 x 7 feet, and rising to a height 

of 9 feet the central chemical processor accepts 18 samples per hour, 

which along the conveyor system of 24 different analyses channels repre

sents 3,000 determinations per hour. Satellite stations handle these 

analyses which are required only occasionally.

• Results from all analysers are fed on-line to a computer which 

comes —........e installation where they are correlated on magnetic tape

records of patient's history. These can be connected by telephone line Witj-

ZZ
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wards for the automatic ordering of tests and reporting of data. The 

computer works in real time and results are printed out by teletypewriter 

1ig« ( 29 ^*
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C2/1/1

APPENDIX j

TEC!IB ICON.

Fully automated chemical analyzers were first used in chemical 

laboratories in 1957* Techriicon developed the sequential multiple analyses 

system which v;as capable of performing several chemical tests simultaneous

ly.. By achieving what they termed a "steady state" i.e. a condition in 

which concentration of the sample in the flow-cell remains constant 

through time, the machine attained a high degree of efficiency. Results 

can be directly reported in concentrated terms in an immediately usable 

form.
Many test may be run at a rate of 60-00 samples per hour at a "ste

ady state" with single point calibrations and digital print-outs of results. 

Using multiple points standardization rates up to 120 per hour may be run. 

Test Flexibility of the JMA 12/60

This machine is designed to provide any 12 (+ blank channels where 

applicable) of the followbg bio-chemical procedures.

EG Of Carbon Dioxide

L.D.il. (includ
ing blank)

Calciurn

Total Bilirubin 
(including blank) 
Uric Acid Total Protein 

(including Blank) 
Albumin
(including Blank) 
Glucose

Inorganic Phosphate

Urea Nitrogen

Sodiurn

Potassiurn Cholesterol

Chloride Creatinine

Acid Phos CPK
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If, 6

Each of the chemistries is performed in an individual, compact, 

'’plug-in" analytical cartridges. Each cartridge contains all the hardware 

needed for one specific procedure mixing coils, phasing coils, dialyzer, 

heating units if needed and all requisite connections.

As all cartridges have exactly the same outer dimensions, they are 

interchangeable.

All 12 test results for each sample are reported in directly read

able concentration units on a single strip of precalibrated chart paper. 

The normal ranges for each parameter are printed as shaded areas. The 

SMA System may be connected to their Technilogger II which will provide a 

digital result.

Accuracy

In continuous flow analysis, the colour intensity of the air segmen

ted analytical stream (s) is continuously measured in a Colorimeter, and, 

at the same time, continuously recorded on a strip chart record. On the 

SMA 12/60, i)i addition to the primary recording on the Serum Chemistry 

Graph (SCC), the complete analytical curve for each of the twelve to six

teen channels is visually displayed on a Function Monitor.

Four blank correction channels are standard with the SMA 12/60 for 

use with those test procedures which require them. Lipemic or icteric 

sera no longer pose a problem for accurate biochemical analyses. Any of 

the blank channels can, of course, be utilized for other procedures which 

might require them.

Actual measurements are made only after the analytical curve reaches 

it steady-state plateau, (which may be defined as an equilibrium condition 

in the system at which there are no changes in concentration with time.7
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At this steady-state plateau, all effects of possible sample inter

action have been eliminated, and the recorded signal gives a true reflec

tion of the concentration of the constituent being measured,*

Precise A i r S eg m en t a t i o n«

The importance of segmenting each of the sample and reagent streams 

with air bubbles is due to the fact that the air bubbles act as barriers 

to divide each sample (and reagent stream) into a large number of discrete 

liquid segments. Equally important, the air bubbles continually "scrub” 

the walls of the tubing. This sequential wiping of the walls diminishes 

the possibility of contamination in succeeding segments of the same sample. 

Thus, should there be any interaction between two samples, it can easily 

be seen that the effects of this interaction will occur only in the first 

few segments of the second sample. In the middle segments, the air bubbles 

immediately preceding will have effectively cleansed the system and pre- 

vented further interaction.

It is these middle and final segments, free from interaction, which 

are recorded as the steady-state plateau and appear as flat lines on the 

SCG. This assurance of freedom from contamination is accomplished by 

continuous flow analytical techniques.

The air bubbles are added to the flow-stream in a precise and timed 

sequence by a proportioning pump. The importance of the air bubbles has 

already been stressed.

Bui It.-1-* n R efrigerati on.

The Sampler table includes a built-in refrigeration unit with enough 

space for six large reagent containers and two plates of samples.
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Sample,

K6 ml, 01 untreated serum is required for simultaneous performance 

of 12 biochemical tests.

Sampler II or T4Q

hither a Sampler II or a Technicon Sampler T40 may be used on tile 

SMi 12/60. Both hold up to 40 sample cups or standards. The T40, is tlie 

system of choice for use with Auto-analyser systems. By printing an id

entifying number on each Serum Chemistry Graph, the T40 eliminates errors 

that can occur in identifying patient test results.

liie unit electronically reads" a 6-digit identification card that 

accompanies a patient* s sample from the time it is drawn, through serum 

separation by centrifugation, to loading on the sampler turntable. App

ropriately phased with sample entry into the system, the signal is fed to 

an electronic buffer which converts the information into printable form.

A printing device in the recorder then registers the six-digit number on 

each patient record.

Analytic Cartridge.

Bach test has its own removable analytical cartridge to perform such 

analytical techniques such as mixing, dialysis, heating, time delay and 

phasing.

Monitor

The Oscilloscope is divided down the centre with eight complete test 

curves on each side (including the four blank channels).

Bach sample curve is recorded in its entirety, and enables the oper

ation to see sixteen curves for each sample at all times.
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Colorimeters«

The colorimeter flow cells are located as close as possible to 

their analytical cartridges. This is accomplished by a system design 

incorporating four photo-tube Colorimeters, each consisting of four ana

lytical channels and one reference channel, and positioning them immedi

ately above four of the analytical cartridges.

Flame Photometer,

SMA 12/60 system is designed to include electrolyte determinations, 

by a Flame Photometer module for Ka and K.

Flow Svsiem of Individual Chemistries.

After the sample is aspirated, it is split six ways:

Stream 1 (SCOT) issjncubated with substrate. The mixture is dialyzed and 

diazo dye added to the recipient stream. After incubation for colour de

velopment, the mixture goes to the colorimeter.

Stream 2 (Alkaline Phosphatase.) is incubated with paranitrophony1phos- 

phate substrate, dialyzed into a recipient stream of ami nomethyl propanol 

buffer, and phased to the colorimeter.

S tr earn 3 (F'r 5 c Acid) is treated with sodium hydroxide, dialyzed into a 

recipient stream of sodium tungstate and hydroxylarnine. Phosphotungstic 

is then added for colour development and the stream is phased to the 

colorimeter.

Stream 4 (Inorganic Phosphate) is diluted with sulfuric acid and dialyzed 

into sulfuric acid. After dialysis, ammonium molybdate and stannous 

chloride hydrazine are added, and the stream is phased to the colorimeter. 

Sir earn 5 (Choiost erol) is mixed with Lieberman-Burchard reagent and phased

to the colorimeter.
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Stream. 6 (T.P. Albumin, Calcium. Glucose, BUN, Umt and Bilirubin) is 

diluted with water, and then this "main" sample stream is further split 

into sub-streams

(Glucose) Stream is diluted with saline, and dialyzed into and treated with

sodium carbonate. Copper neocuproine is added, the mixture is heated to 
0

90 C., and phased to the colorimeter.

JLliLili stream is diluted with water, and dialyzed into a receipient stream 

of diacetyl monoxine and thiosemicarbazide. It. is then treated with acid 

ferric chloride, heated to 90°C., and phased to the colorimeter. 

i-UDiU Stream is mixed with substrate DPN diaphorase. and then tetrazoliun 

dye. After incubation, and the addition of IIC1 to stop the reaction, the 

stream is phased to the colorimeter.

(LDI! BLANK). Came as assay except that a blank solution issued in place 

of DPN diaphorase.

.(Calcium) Stream is mixed with MCI and O-hydroxy-quinoline and dialyzed 

into a solution of MCI. 8-hydroxyquinoline, and cresolphthalein complexone. 

Aftei dialysis, base is added, and the stream is phased to the colorimeter. 

-(Total Bilirubin) Stream is mixed with caffeine diazo .and tartrate, 

&nd;phased to the colorimeter.

(Tota 1 I:J 1 irifiih h 1 ank) Stream is mixed with caffeine sulfanilic acid, 

and tartrade, and phased to the colorimeter.

■(Total, Protein) Stream is treated with biuret and phased to the colori

meter .

(Total Protein Blank) Stream is treated with alkaline iodide solution 

and phased to the colorimeter.



C2/1/7
161

(Albumin) stream is treated with IIABA reagent and pnasea to the color

imeter •

(Albumin Clank) Stream is treated with phosphate buffer and phased to 

the colorimeter.

Programmer.

The Programmer is the control module of the SMA 12/60. It contains 

solid-state electronic circuitry for measuring the output of the twelve 

analytical channels and for conditioning the signals so that a direct 

recording of concentration is printed on the recorder chart. It may also 

be used to perform blank, sensitivity, and linearity checks. Finally, 

there is the clot alarm light which indicates the presence of a clot or 

blockage in the main sample line.

Soecifications of SMA 12/60

Dimensions: L-shaped. 8*6" long x 62" wide x 547/8" high.

Allow access room of 3* all around.

Weight: 1200 pounds.

Power requirements: 115VAC, 50/60 CPS.

System draws 1800 watts. Two 15 ft. power cords are supplied.

Fuel requirements (if Na and/or K are selected): Piped or bottled

compressed air. Piped or bottled natural gas or propane (line pressure 

of 4 in water to 1 psi).

Volume of sample 1.8 ml.

Rate of Analysis: 60 samples (and standards) per hour.

Analysis Lay Time: 8 minutes.

Drain: System drains into self-contained waste bottle. However, connect

ing waste into a permanent floor drain is preferred.
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APPENDIX^
(68)

5. M. A. 4A/7A

S.K.A. 4A

This is for recording R.B.C, vV.B.C. Kaematocrit, Hb 

simultaneously at 60/hours.

1.0 ml of blood is required.

The results are sequentially presented in concentrated 

terms on a precalibrated chart.

S.M.A. 7A

Garries out the above tests in addition to M.C.V, M.C.H. 

and M.C. H.G., on the same chart.

The above two machines are based on the same principle 

of continuous flow analysis as the S.M. A. 12/60 
SPECIFICATIONS:

Dimensions:

System occupies bench space 6' long x 2' deep 

height:

200 pounds; shipping weight 350 pounds.

Power Requirements:

115 Vac: 60 cps (50 cps. available);

1 phase; 300 watts.

Operating Temperature:

15°C. to 40°G.

Reproducibility (Average coefficient of variation):

RBC Count + 2%
WBC Count + 2%
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I i e mo glob in + \%

Hematocrit + 1.5?o

Hate of Analysis:

60 samples per hour.

Ho. of Sample s/Tray: 40.

Sample: Hash Hatio.

53:7

Time Interval: Sampling to recordin'-:

Samnle Volume (min): 1 ml.

Anti coagulant:

K3EDTA.

Sample Volume Used:

RBC/Hemoglobin O.O5 ml.

ABC. 0.13 ml.

Hematocrit________0.23 ml.
Total: 0.43 ml.

4 min.

Drain: System drains into sink.
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Ai (69)

THCHNILOGGHD II.

TDCHNICON.

Used with either SMA 12/60, SM 6/60, SMA 4A, or SMA 
7A Auto Analyzer. The Techniloc :er II will provide as output 

a directly readable typewritten tabulation of the test results 

- without further data processing.

In addition to printing a tabulation of the results, 

the Technilogger II, can also store the results on either 

magnetic tape, punched paper tape, or punched cards for further 

statistical analysis by a computer.

SPECIFICATIONS:

Data Innut: 16 channels of analog information
Incut level: 0 to + lgV.

Input Impedance: 1 Megohm.

Digitizer

Performance: Accuracy: + 0.1/ + 1 count LCD

Precision: 4 decimal digits.

.Encode Date: 12 ms max.

Logic Levels : CV + 0.75; logical 0

+ 5V _+ 1: logical 1.

Clock Date:

Output Code:

100 KHZ.

Output rr 2.8 channel binary coded decimal code 24 

volts © 5C0 ma 50-150 ms.

Output >•/ 2.8 channel binary coded decimal code 24
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volts jr 500 raa.

Otart Input: Contact closure or internal clock

Dimensions:

Height: 7 inches.

./idth: 20 inches.

Depth: 20 inches.

Power.

Peer ire merits: 115 volts 50/60 cps single phase.

Operating Temp: 15° 0 C 4.5° C

Power Drain: 50 watts.

..'eirht: 50 lbs.
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APPENDIX. 4

TEC1IMC0N APTauv'LYZlR, 

CLINICAL METHOD6 AVAILABLE.

A. COLCUXHLTUTC METHODS.

Acid Phosphatase Phenol is estimated with 4-aminoantipyrine
foil owing hydrolysis of pheny1-disodiurn 
phosphate at PH 5.0.

Alkaline Phosphatase As above but at PH 10*0

Blood Urea Nitrogen Estimated by diacetyl monoxine in the
presence of thiosemicarbazide under acid 
conditions«

Micro Urea Nitrogen As above.

Bilirubin Bilirubin is reacted with diazotised
sulphanilic acid.

Calcium Calcium is dialysed under acidic conditions
into cresolphthalein comp lexone and diethy- 
lamine is added.

Carbon Dioxide

Micro CO2 

Chloride

Cholinesterase

Cholesterol

Cholesterol

Carbonate, bicarbonate and carbon dioxide 
are released by acid, and the gas caused a 
change in the colour of a phenolphthalein 
buffer.

As above.

Ferric thiocyanate is formed by reaction of 
Cl with mercuric thiocyanate and thence 
ferric nitrate.

Thiocholine is determined by reaction with DTNB 
following hydrolysis of Acetylthiocholine.

An isopropanol extract is reacted with ferric 
chioride-sulphuric acid.

(continuous filter) Eliminates manual extraction.

Creatinine Estimated following dialysis with alkaline 
Picric acid.



Creatine Phosphokinase 

Free Fatty Acid

Glucose

Micro-Glucose 

Glucose Oxidase 

Haemoglobin 

Hydroxyproli ne

L.D.Ii.

Inorganic Phosphate

17“Ketosteroids 
17-lIy dr oxy k et os- 
teroids.

Protein bound Iodine

Protein 

Serum Iron

S.G.O.T.

S.G.P.T.

Albumin

Uric Acid

C 2/4/L167

The reaction can be measured either by the 
estimation of creatine or phosphate.

Following extraction a copper soap is formed. 
This is subsequently complexed with diethyldithi 
carbonate to form a coloured product.

Determined by the potassium ferricyanide - pot
assium ferrocyanide reduction reaction.

As above.

For the determination of true glucose.

Estimation as cyanmcthaemxxjlobin.

estimation with P-dimethyl amine benzaldehyde 
following oxidation with Chlormine T.

Lactate is converted to pyruvate which is 
estimated by a tetrozoliurn salt as chromogenic 
indicator.

An adaptation of the method of Fiske and 
Subborow.

) Following manual extractions, the methods 
) predominately parallel manual procedures.
)

Estimated following digestion by reduction 
of ferric salt with arsenic as catalyst.

Lowry or Biuret methods.

Is estimated in ferrous state by T.P.T.Z.

Tiie oxalacetate produced is dialysed and 
reacted with the diazonium, salt Azoene 
,Fast. Red!.

An automated version of the Reitrnan ~
Frank el colorimetric method.

Estimated by the reaction of sera with 
either HABA or From Cresol Green.

Estimated by reduction of Phosphotungstate 
in either a cyanide or carbonate method.
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b. FUjaiOMLTic wftiious.

Calcim A fluorescent complex is produced when
calcium is added to a strongly alkaline 
solution of calcein.

Catecholamines Following a purification step the method
is an adaptation of the trihydroxyindole 
method*

L.D.ll.

Wag n es i urn

Phenylalanine

SCOT,SGPT

Triglycerides

The reaction followed is lactate - 
Pyruvate and activity is determined by 
following the fluorescence of F\ADP.

The test is based on the fluorescent, 
complex formed by the reaction of 
rnagnesi urn with 8 - hydroxyquinoline.

Is determined by estimation of the fluorescent 
complex formed when it is heated in the presence 
of ninhvdrin and L-leucyl-L-alamine.

These methods depend on the native fluorescence 
of KADP.

Are saponified to glyceroland free fatty acids* 
The glycerol is oxidised to formaldehyde which 
condenses with acetylacetone to yield a fluores
cent complex.

C. FLA Mb PHOTO TTRIC MFTiiOWS.

Sodium G Potassium Are determined on serum or urine samples by
comparing flame colour to a standard lithium 
solution.

D. H.-iLiViATOLCXJJCL AM) IWMCKCLIGICAL LnTilODS.

Antibody Screening Cells are enzyme treated and reacted with specimens.

Automated reagin An automated VURL test giving permanent results.
Test.

Complement fixation and Haemogglutination systems for a variety of
antibodies.

Cell Counting 

Blood Typing.
N»P. This list included most of the commonly used clinical methods, how

ever, many other methods have been automated.
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APPENDIX. 5
(72)Dill AT 540.

dOThe Zymat 340 Enzyme Analyzer is a completely 

automatic instrument which analyzes Lactate dehydrogenase (L JB) 

Alanine aminotransferase (GOT), and other enzymes in biological

fluids.
Minimum - -reparation« Interchangeable syringe and dis

pensing assembly eliminates possibility of cross-contamination. 

Disposable sample cups and cuvettes.

Rich Volume: After incubation, the Zymat 340 analyzes

one sample every two minutes, with a sample load capacity of 

up to 4? samples.

Permanent Record: Paper tape printout is in Inter

national Enzyme units with a serial number to identify each 

sample.
Minimum Oamnlc size: 0.2 ml. sample size permits

multiple determinations on typical 3 cc sample.

SPECIFICATIONS:

Electrical System: 120 Volts AC, 30/60 HZ nominal

230 Volt Model Available.

Power requirement of 800 watts. 

Incubation I'eriod: Approximately 12 minutes.

Throurhout: Sample every 2 minutes.

Water Bath Temperature: 23.37°G +0.1° C

Photometric System: Double Beam Interference Filter
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■vheel Came itv: Up to 47 samples.
Printout: International Enzyme Units
Finish: Resistant to sample and reagent stains
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ATOMIC

APPENDIX.

ABSORPTION

6
(00)

- SPLCTRO} EOTOIPITER .

ATCMSPEK:

By atomic absorption Spectrophotometry over 60 elements 
The most important ones are: Calcium, Copper.>

Potassium and Sodium.

can be determined.

Iron, Lithium, Lead

SPECIFICATIONS: 

Wavelength Range 

Wavelength Accuracy

Inverse Dispersion

Absorbance Range

Absorbance Range 

Presentation.

Response ^ime.

Flames.

Flame Path Length

193 - 833 nm

better than 0.9 nm below 300 
nm

1.7 nm/mm at 200 nm 

44.6 nm/mm at 300 nm 
0.1; linear in absorbance 

with continuously variable 

scale expansion up to x 3.0.

123mm (3 in.) meter or 200 mm 

(8 in.) recorder 

2.15 or 40 seconds, selected 

by switch 9 on either meter 

or recorder).

Air/acetylene

Nitrous oxide/acetylene

Air/propane

120 mm (air/acetylene and 

air/propane)
50 mm (nitrous oxide/acetylene)
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Sample Take-up Hate. 2ml/min.
Power Requirements 250 W: 190/260V, 50 Hz.

or 100/135V, 60 Hz.
Dimensions 1100 mm. wide x 460 mm.

deep x 3^0 mm.high
(43 x 18 x 13/2 in).

height 64 kg (l4l1/2 lb.) approx
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APPENDIX, 1

ELECTPOCaPDICG I inPISS.
(73)

PCD.J., 1500A AMD MODEL I51IA - PANtPXC'.L'U h,D BY 
HE./LETT & PACKARD.

DEoCSIPTION:
The 1500A Electrocardiograph is designed for E.C.G. 

monitoring and recording. Its design places special emphasis 

on patient protection and on its use with defibrillators.

Special patient protection provisions include isolation 

circuitry which reduces leakage current from any 120 volt AC 

source to 4 microamperes or less. During defibrillation, the 

1500A may remain connected to the patient without damage to the 

instrument - allowing recording of the E.C.G. immediately 

following.

A switch provides instant selection of standard 25 

mm/second chart speed for recording of fast heart rates.

Similarly, any one of 4 Sensitivities 0 1, 2) may be selected,

depending on signal strength variation between leads or between 

patients. The )!i and ;+ sensitivity positions are recommended for 

large V leads that are frequently encountered, particularly in 

pediatric electrocardiography.

The 1500a, in addition to E.C.G. input, provides a 

floating AC and DC input circuit which permits its use as a 

single-channel amplifier/recorder. An output jack is available

for use with an oscilloscope or with the Bell Telephone 603 series
Data Phone
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The Model 1511A provides the same features as the 1500A 

except that it is built in to a rugged mobile cart. A large

compartment in lower front section of the cart serves as handy 

storage space for accessories, supplies and completed records*

SPLCIFICATIDN3.

Chart: 50 mm. rules width, 6 cm. total width, with 1 rnra.

vertical and horizontal divisions. Chart length 150 ft. per roll.

Paper Drive: Speeds 25 and 50 mm/sec.

Lead Marker: Manual, marks solid black line 1 mm. wide in

top margin.

Power recuiremont: 115 volt 60 Hz, 45 watts maximum

Optional, at extra cost, other voltages for either 50 or 60 Hz, 

Choice of 2 wire or 5 wire detachable power cord

Patient Circuit: Le: ds STD, 1,11,111, AVR, AVL, V, CP.

manually selected by rotary switch.

Instomatic action and automatic paper stop between lead 

positions.

Isolation of patient from chassis: megohms at 60Hz,

Electrode Input impedance: Greater than 40 megohms, shunted by

1500 pF with 8-foot patient cable.

Sensitivity: ECG and AC input: 2, 1, )z and M cm/mV.

DC input: (selected by switch) 25, 50, 100 and 200mV/cm.

via patient cable socket*

Standardization: 1 mV (+ 1%) calibration signal derived

from zener diode.

Frequency response: Two ranges: Not more than 5 db down
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at 100 uz on the high range.

Controls: SENSITIVITY 1,2) switch, stylus POSITION,

9 position lead selector switch with instomatic stylus stabilizing

and automatic paper stop between positions, GEF-ON-RUN switch,

polarity TEST, lead MARK, SPEED selector switch (25 and 50 mm/sec),

STD (iKV) push-button STYLUS HSAT Screwdriver control.
(74)CARDIO'PRaCE 5000 E.C.G.

General: This is another example of a single-channel

two-speed, direct-writing electrocardiograph.

SPECIFICATIONS.

Power: Push on-Push off mains supply switch. Adjacent

lamp indicates when power is switched on.

Chart Speed: Interlocked push buttons marked 25 nim/Sec

and 50 mm/Sec.
Filter: Push on-Push off high frequency filter switch.

-adjacent lamp clearly indicates when filter is on.

Sensitivity: Interlocked push buttons used to select

preset recording sensitivity.

Harked 1 - standardised, 1 mV = 1 cm. deflection.

y'z - >2 standardisation, 1 mV - cm deflection

Position: Thumb-operated rotary control used to set

recording base line.

Chart: Three-position rotary switch used to control

chart. Marked STOP - chart stationary, tracing blanked.

VIET - chart stationary, tracing unblanked.

RUN - chart running, tracing unblanked.
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GAL. 1. mV: Push button produces 1 mV square wave input to pre

amplifier. Used for checking standardising in lead selector 

CAL. position or for adding 1 mV calibration pulses to any lead 

while recording.

Lead Selector: 15-position rotary switch includes

CAL, and leads 1, 2, 3, AVR.AVL, AVF.V. A reset position is 

provided between each lead in which the tracing is permanently 

blanked ( no signal). Automatic blanking for 300mm/sec. also 

occurs whenever a new lead is selected.
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APPENDIX 0.
(09)

THE ODELCA 100.

The Cdelca 100 photofiuorographic unit appears to be the most 

suitable type of Chest X-Ray Unit for multi-screening on admission.

Cm.-iLRA:

The Odelca 100 Camera with straight hood, type 100-XVII-S, 

equipped with Standard Roller Separator cassette RSS 100; unexposed 

film magazine capacity GO 100 mm. cut films, is recommended.

If the earner' stand is of a suitable design, the Cdelca 100 Camera 

with angle hood, type 100-XVIII-S, again with the RSS cassette may be 

used.

In both cases the camera has a cardholder by means of which the 

data on the patients" card are recorded on the film, A safety device - 

electrically interlocked - prevents operator’s errors, such as double 

exposures, or exposure without patient’s identification, in which case 

no exposure can be made.

A Phototimer for exposure control is available.

Processor;

The Odelcamatic fully automatic processing machine for 100 mm. 

films is recommended when coping with large numbers of phtofluorographs. 

In this machine, the photofluorographs are optimally processed automat

ically. The Odelcamatic may be used as a separate machine, but can 

also be coupled to the Odelca 100 camera. With this continuous flow 

system, the films are exposed (in the camera) and automatically trans

ported to the processor where they are processed and dried at a rate of

120 films per hour
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Viewers:

The Helio Gant res. tor 100 viewer presents the Odelca 100 

photofluor?.graph on a high acuity, high definition 25 x 55 cm. 

viewing screen. This special screen permits group viewing 

so that the photofluorograph can be read in exactly the same 

manner as a large si:e radiograph. The light intensity on'f the 

screen can be varied by a foot switch; placing and removal of 

films is extremely simple. Also available are viewers with a 

low-power magnifier, such as Trioscope, Soliscope and Xiniscope.

X-2ay Apparatus.

Generally the same procedures apply to Odelca photo- 

flurography as with normal radiography. The modern X-ray 

generator has several high tension outlets, one of which may be 

assigned to photofluorography. By a switch-over the apparatus 

is adapted to Odelca work, the supply being fed to the roller 

separator, interlock system, safety monitor, program selector, 

etc. nn Odelca camera can be combined with an existing X-ray 

apparatus. for single exposure with the standard roller 

separator cassette, the output of a sirnnle half wave X-ray

apparatus will suffice.
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APP)1NDIX> 9 

VITALOGRAPH.

The Vitaiograph provides physiological values which may be read 

directly, or which can be measured without requiring time-consumiug 

calculations. The tracings present each value optimally and measurable 

separately. Its recording mechanism operates automatically as soon as 

the patient commences breathing into the instrument. The operator has 

an over-riding control button and colour-coded lamps signal the correct 

operational sequences. Printed chart graphs record the various respira

tory functions.

Physiological Parameters Measurable with the Vitaiograph

forced Fxniratory volume. F.h.V.^ (also known as Timed Vital Capa

city) i.e. the volume of air exhaled over a given time - usually the 

first second or 2$-second-after maximal inspiration, expiration being as 

rapid and as forced as possible. (The 2-or-3 second FFV, or any desired 

intermediate time value up to 6 seconds may also be measured).

The FCV-p value is readable from the calibrated grid of the Vital

ograph chart.

Forced Vital Capacity, F.V.C.(also known as Fast Vital Capacity), 

i.e. the volume of air expired after full inspiration, expiration being 

as rapid and as complete as possible, viz. forced.

Vital Capacity, may also be measured, i.e. the volume of air ex

pired after full inspiration, expiration being as complete as possible 

but the subject is allowed to take his own time for complete expiration. 

Provision is made also to record expirations considerably in excess of 6
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seconds* duration, viz. 20-30 seconds.

The F.V.C. and V.C. values are readable from the calibrated grid ox 

the Vitalograph chart.

Percentage F.E.V. i.e. the Forced Expiratory Volume expired in a 

given time interval - usually at the first second or ^-second-expressed 

as a percentage of the measured Forced Vital Capacity or the Vital Cap

acity; F.fci.V.rj# if suitable qualified, may also be related to the pre

dicted or estimated normal V.C. or F.V.C.

The Vitalograph Percentage Ruler, enables reading of these or 

other percentage values from the chart.

Expiratory Flow Rates, are measurable at any point of the Vitalo-

gram.

The Vitalograph is especially suitable for the rapid measurement of 

the following parameters as accurate and sensitive detectors of obstruc

tive aiiuvays defects.

Forccd Exoiratorv F1 ow . e.g. F.E.F.0qq_average rate of 

gas flow for a specified volume segment, during a forced expiratory 

effort.
*

The Vitalograph chart grid is especially marked at 200 ml and 

1200 ml volume levels to enable rapid reading of this value with the aid 

of a transparent Flow Rate Protractor which may be superimposed on the 

chart. The F.E.F. may also be calculated graphically from the chart grid. 

The F.E.F. may also be measured at other volume segments if qualified 

accordingly, e.g. F.E.V., ^ or F.E.F.^j^

It is recommended to express tills test value in litres per minute.
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Fore cd i-i id - Lx p j r a t. or y F1 cw. e.g. F.M.F. or F.E.F.r , the
25-75/0

average rate of gas flow prevailing over the middle two quarters of the 

volume segment of the forced expiratory Vi telegram, usually expressed in 

terms of litres per second,

Ind 1 rect Maximum Breathi ng Capac 11y Inc). M.B.C., i.e. the volurne 

of air which a subject can breathe in one minute, as predicted from- the

Forced Expiratory Volume, expressed 

Spec5 ficati o.n

Volume Calibration

Volumetric Accuracy 

Recorder Speed

Recorder Drive

in terms of litres per minute.

Linear; a displacement of the stylus 

by 2.92 mm equals an air volume of 100 

ml. at an Ambient Temperature of 20° 

Centigrade, Normal Barometric Press

ure, Saturated (A.T.P.S.).

Max. mean error - 1.0;« at ATPS 20°C. 

Constant speed of 30.00 tnm per second 

-2.0/O not affected by voltage fluctu-^ 

ations of less than -25 volts. With 

facility for stop-start operation, 

if desired.

Special synchronous motor providing 

equal starting as well as running 

torques; driving chart carrier via 

precision-cut rack and nylon pinion. 

Chart carrier runs friction-and in

ertialess on self-lubricating bear

ing. Automatic, volumetric, pat j lent-
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triggered starting mechanism outside

the breating circuit, of highest res

ponse and sensitivity, with adjustable

sensitivity and over-riding push

button controls.

Recorder Stylus Spring-loaded, precision-ground ink

less stylus with quick-adjustment

for accurate centering. It produces

a clear, non-smudging and permanent

tracing in dark red, suitable for

photographic reproduction.

Dead Space Plastic measuring bag, 42 ml. compen

sated for in chart calibration. The

volumes of tubes, mouthpieces, etc.,

are displaced truly and therefore do

not rate as functional dead-space.

Measuring Dag Made of non-toxic plactic material.

The bag is constructed and made of a

special configuration to provide an

adequate pen travel per millilitre

over the physiological range, to have

the high frequency response, and to

have a negligible functional dead

space. It is rated to record 6000 ml

of air at ATPS 20°c., viz 6612 ml of
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Inertia Eliminator

Inner Diameters

Current Consumption 

Control Lamps

Vitalograph Chart

1(33

expired gas at DTPS (i. e« at Body 

Temperature, normal barometric Press

ure and completely saturated with 

water vapour at B.T.)

Precision-spring counter balance 

with dual action* To eliminate iner

tia of the stylus arm and platform 

at the start of the displacement, and 

to eliminate the forces of mass accel

eration over the subsequent displace

ment.

Breathing duct into measuring bag,

1" (25 mm) minimum bore throughout. 

Mouthpiece, 1 1/16" (27 mm) bore, 

circular shape to conform anatomically 

with airways structive in order to 

minimise turbulence of gas flows.

Less than 15 watts.

Three neon types, with built-in 

resistors.

Overall size 20x20 cms., with prec

ision-printed grid. Size and grid 

variations with varying humidity and 

temperatures are less than 0.1%

Accuracy of ruling and imprinting
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within - 0.005” (±0.127 mm).

Chart Calibration Horizontal volume rulings of different

thickness, at every 1-litre, 500 ml. 

100 ml £ 50 ml mark; special broken 

rulings at the 2C0-ml and 1200-ml 

marks (see measurement of Maximum 

Expiratory Flow Hate). Total volume 

range of 0 to 6000 ml at A.T.P.S. 20° 

Centigrade - A zero point and line as 

well as a pen starting point and line 

are provided also; the distance be

tween zero and starting lines repre

sents the functional dead space of 

the instrument, which is allowed for 

in the calibreation.

Vertical time rulings of different 

thicknesses at every .l-second, 0.5- 

second and 0,1-second mark; with a 

special broken ruling at the vi-second 

mark. Total time scale from 0 to 6.0 

seconds. It should be noted that 

the instrument has control facilities 

also for recording Vital capacities 

requiring considerably 1 onger time

intervals, i.e. 10 - 30 seconds.
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Ono Company ( Digital Equipment) has recently produced 

a clinical laboratory computer system capable of interpreting 

and recording data simultaneously from 10 clinical analysers.

It can be used on line or off, in conjunction with automatic clinical 

biochemistry. It gives automatic readouts, files, stores results 

and does all the result calculations.

The new integrated hardware/software computer system allows 

the technician to define his own testing parameters such as the 

rate of sampling, the number of readings desired per sample, the 

observational tolerance allowed and the type of report wanted.

The system features build-in interfacing to permit future 

accommodation of up to 24 analytical instruments o.r to further 

increase laboratory throughput.

The basic system configuration includes a 4,096 word core 

memory computer, teleprinter with paper tape punch and reader, 

analogue-to digital converter, oscilloscope and a dual magnetic 

tape unit.

The system performs one of the technician's most time 

consuming tasks - test monitoring and data recording. Once 

the analysis methods are established and the samples inserted 

into the analysin' apparatus, the computer will automatically 

collect and analyse the data, format it, and print out a report.

System errors and retesting are minimised by the 

computer’s quality control checks of the analytical instruments 

prior to initiation of tests on unknown samples.
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Among its on-line functions, the system picks peeks 

based on the highest of two to seven (user specified) points 

sampled at regular intervals, converts to proper units referring 

to customer-defined control blocks, and print out diagnostic 

warnings when deviations from standards warrant.

Off-line, the system can display or print out histograms 

of the monthly range and values distribution of a particular 

test type, generate monthly reports of the number of each test 

type performed, and compute averages and standard deviations of 

result data by test type.

It will print out a periodic summary, also a summary on 

a particular patient upon demand, even while logging data. The 

system will allow for a separate file for each patient where all 

laboratory results can be sorted: instant response to file 

queries interim report during the day upon demand, and complete 

summary reports for any or all patients at any time.

K AI IE: FLOOR;

Date 02 --23—68. Cup No. 91

Choi R. MG7

Calcium 0.2. KG?

Phos 0.1 KG7

Tot-Bil 0.1. MG?

Albumin 0.1. KG?

Tot-Prot 0.1. KG?

Uric 0.2. KG?

Bun 1. KG?
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NAPE:
Glue 8. MG?

LDH 6. Packer

Alk-Pbos . 0. King-A

S.G.O.T. 4 Kamen
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CilAPTl.lv 3.

INTRODUCTION,

In 1969 I decided to prepare a Questionnaire to be sent to a sample 

of Doctors to investigate certain considerations regarding multiple in

vestigations on patients or admission to hospital.

The purpose ox the project was to establish principles in consider

ing the following points.

a) What tests or investigations a doctor considered

desirable on a patient being admitted to a gen- 
+

eral hospital?

b) What would be the initial "acceptance" by the med

ical profession?

c) The effect of the different professional status 

of doctors in the acceptance cr rejection of 

the principle of multiple investigations on 

admission to hospital.

d) What effect the doctor's age had on his attitude 

towards multiple investigations on admission to 

hospital?

In August, 1969 the Questionnaire was sent out to 1,500 doctors, 

practising in Capital Cities throughout Australia. The doctors were div

ided into three groups. These groups comprised 500 Physicians, 500 bur

geons and 500 Hospital Residents and Registrars of over two years Graduate 

standing. The Questionnaires were distributed by Permail, a direct mail-

+A General Hospital is defined in Chapter 4 of this Thesis as any Hospital 
of over 500 beds which is classified as accepting "General" adult cases,



ing service. The Organisation has a list of all the doctors in Australia, 

From the list a random sample of doctors in each group was drawn and to 

these a Questionnaire was sent. The age or sex was not known of the 

doctors to whom the Questionnaire was sent. Apart from the distribution 

being based on the number of doctors by proportion to the number practis

ing in each of the three groups in the Capital Cities in Australia no 

other criteria were placed on those to whom the Questionnaire was sent.

as well as the Questionnaire there was enclosed a pro— addressed 

envelope to be returned to a G.P.O. Box number in oydney but it was not 

pre-paid.

The purpose of this chapter is to show an analysis of the returns 

and an evaluation of their significance.
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TIU1 QU C ST I GM\ AIR D,

The Questionnaire was introduced by a general letter to the doctors 

explaining that 1 was engaged on a Post-Graduate Research Project involv

ing the introduction of a series of admission or pre-admission investiga

tion, It requested them to complete the attached Quest!onnaire and return 

it in the enclosed envelope.

Page 2 was headed "Admission Profile Questionnaire". The doctor 

was asked to fill in his status in one of tile four squares.

Specialist Reg i strar Senior Junior
RMO RMO

On the same line he was asked to fill in his Speciality and age 

Group:

Your Speciality Your Age Group

Under GO and
50 Ov er.

The reason for these questions was that variations were expected 

in the type of tests that would be requested by doctors of various status 

and between the various types of Specialists especially between the Senior 

Doctors and between those practicing at a relatively low level but of 

recent Graduation and within a modern hospital complex.

The section on age was also considered as being relevant to the 

degree of training and orientation towards Multi-screening that the doctor 

may have had. The dividing line of GO years represented roughly those who 

were trained pre-war or post-war. The War brought with it changes in the 

practice of clinical medicine involving far greater use of biochemical tests 

and investigations. The under 50?s were educated for and graduated into this 

type of practice.



When filling in the Questionnaire the doctors were requested not 

to consider the cost or complexity o.t Lusts Put what is Lest as regards 

improved patient care:-

“earlier diagnosis. rapid institution of appropriate 

treatment, evaluation of treatments prognosis and 

discovery of unsuspected conditions."

The comments of some of the doctors indicated that they were un

able to dissociate cost from patient care and they would not fill in the 

Questionnaire as they did not consider that the cost would warrant 

routine admission or pre-admission profiles. Others did not fill in 

the Questionnaire as they considered it a reflection on their medical 

acumen and would not improve patient care and considered that tests should 

be done at the discretion of the doctor and not routinely. This will be 

elaborated upon later under "General Comments."

The instructions to filling in the Questionnaire were then given 

Part One
1. "From the tests listed in PART ONE, select 

the forty (40) tests you consider to be 

most appropriate as routine examinations 

of all admissions - mark each of them *A* 

putting the A's in the 'boxes* of the 

tests you have selected".

This section seemed to cause considerable mathematical problems.

Tiie number of doctors who could not count to forty was high and was one 

of the major factors in invalidating 22% of the Questionnaires returned. 

This was not due to the fact that the Doctors did not consider forty tests
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necessary as they only filled in thirty-eight or thirty-nine* Those

that considered forty tests excessive did not hesitate to express their 

views•

2., "also from PART ONE select a further ten (10)

tests if you think these are desirable, marking 

each of these B in the appropriate box.”

Only a small number of doctors selected these extra tests and 

from the general comments it appears that forty tests are probably 

adequate* This will be elaborated on later in this chapter.

Part Two

3. "In PART TWO enter any tests which you consider

should be part of an admission testing programme 

but which have not been included in PART ONE.

Write those additional tests you consider 

desirable for all admissions in the upper 

space; and those tests you think appropriate 

only to all admissions within your own speciality 

to be entered in the lower space"

The portion of the questionnaire created no problems and most 

doctors practicing in a particular Speciality filled in additional tests 

specifically related to the: field in which they practiced.

Part Three

4. "Please indicate YES or NO as to your answer to the 

question in PART THREE"

This section caused no problems.
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Part .1 of Questionnaire

X ' ‘i V i W \ .Lii t j ij ‘ <t 1 i 1—i : A

(See Appendix I)

This section of the Questionnaire was devoted to specific tests

and questions regarding tests on specific systems.

B i o c ii cm i c a 1 A n a I v sis

The first battery of tests under this heading was classified as 

"Serum Analysis" and comprised fifty tests.

The second section was on Urine Analysis and comprised twenty- 

four investigations.

The third section was on Cerebro Spinal Fluid Analysis and com

prised four tests.

The fourth section was Faeces Analysis and comprised two tests.

The fifth section was on General Pathology and comprised five

tests .

Haematology Analysis

This section comprised eleven tests.

Respiratory System Kxamination

This section comprised two tests.

Cardio-Vascular System Examination

This section comprised two tests.

Gastro-Intesti nal System Hxar.ii nation

This section comprised one test.

Part 2 of Questionnaire

This was a section that allowed the doctor to add any additional 

tests which he considered should have been covered by part 1. He was 

asked for general tests or those related to the speciality which he prac-

ced.
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Part 3 of Questionnaire.

This section is to ascertain the attitude of the doctors towards 

’’Admission Profiles" on hospital admissions. The actual'wording used 

in the Questionnaire was:

"Do you agree in Princioli- to Multi-Test Screening 

on Hospital admission"

It was anticipated that the doctor would understand that this 

question would not relate directly to the type of tests selected or the 

number of tests selected either in Part One or Part Two but related to 

the principle of the concept, not necessarily to the form that was consid 

ered in the Questionnaire.

borne of tire unsolicited comments, that were added to this part, 

indicated that the doctors did not, in some instances, understand that 

this Section referred to the principle of Multi-Screening in general 

rather than being specifically related to the previous two Sections.
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The Total. IIesnor.se Rate,

As indicated 1,500 Questionnaires were circulated. The total number 

returned were 450. Table IGA indicates the distribution of the returns 

divided into four groups.

T\BLE in;-..
TOTAL MA-INFR OF QLToTIONNAIlUo RlTIRNFD.

N = 458.

Classification Number Returned Total Number Sent Percentage Return- 
__________________from Groun_____________ to Group____________ ed from Group.

Physicians 136 500 27%

Surgeons 103 500 21%

Registrars & 
Residents 119 500

O
J

Invalid Returns 
(not correctly 
completed).

Totals

100

450 1,500 31%

From Table 15A it can be seen that 100 returns were invalid. These 

were invalidated clue to various reasons which are discussed later. This 

represents 22% of all the returned Questionnaires.

Table ISA illustrates that 31% (450/1500) of the Questionnaires 

were returned. It is a matter of conjecture as to why the remaining 69,% 

were not returned. The following analysis is based on the 450 questionn

aires which were returned.

The total number of replies in each group, not taking into consider

ation the age factor, were of a similar order as shown in the above Table.



Physicians returned more valid Questionnaires than the other groups (27R). 

The Registrars and Residents were next, 3r less (24R}, v/hi 1st the surgeons 

were 3>o less than Registrars and Residents (21R). The difference between 

the number returned by Physicians (Maximum) and the burgeons (minimum) of 

the valid returns was 6R> and on the limited survey carried out I do not 

consider this figure as being an important variation.

Ago Distribution c.f Returns.

Table 15b shows that of the valid Questionnaires returned the under- 

50 age group comprised 00R and the over-50 age group 12/U

TACLh 150.

N LAlllLR OK URL 10 RLTURNS DIUIULP INTO AT AT 05 ARP AGO GROUPS.

i\ = 358

Age of Group Status of Group

Physicians Surgeons Residents Total.
N o. R No. R> No. A

Under 50 Years 117 O OC
UU/J 79 22). 117 QOi

kJO/ 00R

Over 50 Years 19 5R 24 7% 2 ney ligible l2/o

Combined Total 
of Returns 136 30R> 103 29/o 119 33R lOO/o

The inferences/that might be made from the above Table are:-

a) That there is a substantial proportion of younger
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<1 octors interes+ ed i« Mnl.t5~.Screcning ar.d 

prepared to take an active interest in the 

subject ~ even to the extent of filling in 

a Quest. i onnaire and

b) that the Doctors who returned the Quest

ionnaire did so at the5r ov:n cxpensc by 

buying a 5 cent stamp.
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ANALYSIS CF V,-Lli) cCLmTICbnAIRLo. 

ihu following section ox this Chapter examines ine ooo valid 

returns.

Part One

ihis section consists of a numerical stud} of the tests recommended
+

by the doctors who answered the Questionnaire. Table 16 is a composite 

Table to give an overall survey of the total number of Tests considered 

desirable by the doctors in the various groups. The Table also indicates 

where there is over 80% agreement by all the doctors on any particular 

Test.

Tables 21. 22. 23. 24. 28, 26. 27. 28. 29. 30 & 31. in Appendices 

2, 3, 4 of this Chapter, show the number of Tests recommended divided in

to Physicians, Surgeons, Residents and Registrars categories and if over 

or under fifty years of age and whether in favour or against multiple 

Screening on admission to hospital.

Tlie figure of 00% agreement of all doctors on any particular test 

was selected using no special criteria except that I considered that 80% 

would represent a very high degree of agreement.

In Table 16 the Tests marked with an "X" (indicating 80% or greater 

agreement) could form the basis of a suggested group of multi-tests to 

be used on admission to hospital. The following charts illustrate diag- 

ramatically the distribution of the most common tests requested.

This section is completed by a list of suggested multiple investiga

tions, orftestobattery to be used on patients on admission to hospital which 

is based on the Questionnaire answers - Table 16A.
+ A Glossary of Abbreviations (medical) is to be found on Page 95A Appendix i,
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TOTAL NUMBER OF EACH TOST REQUESTED BY ALL DOCTORS.

Symbols used

TaBLE .lb

BIOCHEMICAL ANALYSES.

in ALL Tables are in Appendix iA Page 95A - 
Glossary of Abbreviations.

SERUM At ALYsIS

Type of 5-t

'wOc

Ld

. 003 Type of Mo. of Dr s 803
Test, requests ng agreeir.en t Test. r equest- agreement

Test. marked by ing Test. marked by
X " tt yA •

Na. 342 X Dilirubin 290 X

K. 346 X S.G.O.T. 289 X

Cl 317 X S.G.P.T. 192

1.IC CL 321 X L.U.H. 127

B.U.N. 317 X C.P. K. 53

Great 183 Thymol
Turb. 95

P. 139
ZB SO Turl/ 77

Uric Acid 278 *
Glides-

S.G. 74 ter ol 303 X

Ca 287 X Barbitone 35

Mg* 55 li<apt o-
g1obin 5

Amylase 143
Schumm*s 6

Aik. Phos 322 x Test

Alb. 326 X Cr. 46

Glob. 312 X Fe 155

Total Pro- I. LAC. 65
tei n 283 P.B.I. 198

Acid. Pho 177
'Han den Berg:---- 61. B.S.P. 73

003 of the total number (if valid returns (350) = 286.
286 was therefore the cut off figure for inclusion of the 
tests in the theoretical profile.
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J Type of Ino. of DrsJ 00/O
j * ^ j t • j- kj >-» US L. i j»y j. .g j. C Ct.Ch L j
j t Tost • parked bv \

!

j

! "X”

Met. Ilb. 20

| .Sulph Mfc, ' 7

i A l <i n ] a o p 4

j Cholin
esterase 16

Co Oxidase o

P y r u v a t e 11

Lactate 0

Salicylate oo*

Carotene .6

Cu

Corti .sol 51

Cyro- 
cj 1 oh u 1 i n a

•

SIA Test 4

j Fibrinogen 49

|Random 
jBlood Sugar 307 X

Sg.t.t. 74
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\
! .TAIJLL 16 (conto.}
?
j Uili^L nil A LA olo.

Type of No. of OO^o Type of
v-<cc ©CD

I Test Drs. re- i Agreement Test i Drs. re- eement
i
1 questing marked by quost i ng marked by
1 Test. ,’VM

1 Test.

i ~n
jlime lir •
it»i i if «

50 O-Gill rUi 15

Bilim- i

Vo 3. 192 b i n 191

A a. 59 Urobilin- 
ogen 135

K. 44
Porphy-

Cl. 32 r i n s 111

Ca. 50 Porpho- 
bi linogeii 40

Mg. / 3
B.J. Prot 53

p. 10

Uric Ac. 29

U.N. 21

Great. 39

Protein 308 A

p“ 243

Glucose 316 V

Cystine 29

17-KS. 34

17-CUCS 20

D-XYLOoU 9 /
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1 ~ttt---------------------------------------------------------------:--------------------------------------------------------------------
1 T /t 3 l, a. J6 (Conte!.)

!
kaenatclcgy analysis.

-y
<1

11

Type j No.of Drs 1 SO.o 1 Type of jXo. of Drs 'ocxT"
Oi j request- jagreeDent lest requesting /v reenerru
Test v ! ing Test 1 marked by Test narked [

! | MX" by "X" |

Hb. 3 10 X P.I. 121

Red Cell Different
Count• 155 ial V/.C.C 324 V

Total Platelet
! -V’ CC 306 X Count 240

Kaena-
tccrit. 250'**' “**“■----------- —*=-— —- ---------------------—

K.C.V. 124

y cI * * v * ** # 03

• o • • o • 143

2.S.R. 331
j

X
i

RESPIRATORY SY3TZK EXAiIINATICNS. >

Chest Spiro-

X-Ray. 342 X
metry.

145

CARDIOVASCULAR SYSTEN EXA! '.INaTION.

\n „
B.P.

334

i

X
E.C.G. 202

i
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T A B )■ 0, }6 (Contr.O

C.' "S, 7. ANALYSIS.

-yp* or
Test.

!
i..o. of Lrs 
i requesting 
Test*

- ,oO,o
i Agreement 
marked by
"XM.

Type of
Test.

iio. of Drs 
requesting Test.

607o
..Agree merf 
mared by “a5'.

Glucose. 02 Cl. 42
Protein. 71 Lange. 45

FAPCS3 ANALYSIS.
Cccult FaecalBlood. pro Fat (p 75days).

g:-::;llal pathology.
L.S. Cells* 07 Blood ---------

Cervical Group* 306 X
Smear* 201
LatexTest* 102 Rh Factor 269

GASTRO INTGSTINAL SYSTEK EXAMINATION.
Sirmoidos- j
c0' Y x | o i oover jyears. !

1
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BIOCHEMICAL TESTS.

Porcontaoe of Doctors in .!'>voi]r_of Mo^i. Renn^st ed Tests 
ill ■......................tlh kterv*

A1 bnmin

Ci lirubin

S.G.O.T

Random
Blood
Sugar

Uric Acid sz?~s~yzy-7^7FT~~?-^~^

Crcatj n 
ine yjL/jj:.''s/''yss'?7 / /ssyr.
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A* i \ r* /“> v> 4 ^
»-• ■-• *,/• *. • * > •• of »>m»*^rs Favo‘:-

in Admission Profl1
O ■ i » • ' o + * - ' ^ 4- #1• - * ■ — »..- » *..

Total
VJ.C.C .. J., iv sSkkbssss; ~ - r-trl;

Differ

llaemoc-
rit.

G1ucose

Protein

SS S's'S's , s'/,' *" -fj

Volume
v .-• TV ''7^7r~77'~

Bilirub 
in

Zc sZ-Z ZZZZ'ZZzZ.c

MTSCBLLANBOIjS T1 iSTs
•host
X-Ray

B. P.

= Over BOA
ZZZZZZZZZZHZTi — Under BOA
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TABLE 16A

Cardi o-VascuIar Svst .

blood Pressure 
(this is actually part 
of a norma1 phy sic a 1 

examination).

Random Blood Sugar. 

Haematolooical. 

lib.

Total VvCC 

Differential V.'CC 

Blood Group.

Hr 1ne Analysis. 

Protein 

Glucose.

Respirator v S y s t o n.

-|) tk.$T ['.'TT'-ey

in o-i ,h < ■•■V r," 1,

I v a.

K.

Cl.

iiC03

B.U.b.

Ca.

Aik. Phos.

/Jb.

Glob.

Bilirubin

S.G.O.T.

Cholesterol.

Chest X-Ray



This section comprised two questions related to tests not covered

in Part 1. The answers were divided into..

1, General - this was to cover any test that the 

doctor considered should have been included but 

was left out.

2. Special ~ this was to cover tests related to

t h o a r e a i n w h ich t h :* d oc tor special is ed.

In order to analyse the additional tests requested the Section 

was divided into the three status groups.

a) Physicians.

b) Surgeons.

c) Residents and Registrars.

a) Physicians.

A detailed analysis of the additional tests requested by this group 

is shown in Appendices 5, 6, 7, Q, which contain Tables. 32. 33, 34 and 35. 

In these Appendices the Physicians are divided into over and under 50 aye 

groups and whether in favour of or against multiple investigations on 

admission to hospital.

The under 50 age group of physicians had the second^highest re

quest rate for additional tests of all the groups studied. 65 Doctors 

out of 117 in this group requested additional tests.

The most common tests requested were

Micro-brine, Blood Film

WR Blood Gases,
Only the under 50 Residents and Registrars had a higher request



The additional tests requested by these Physicians reflected the

Speciality in which they were interested. This is illustrated by the 

various types of tests requested and in any of the additional tests there 

is only a small agreement in any particular one apart from the Micro^Urine, 

The over GO age group of physicians requested the same types of 

additional tests as the under 50 group, but the total response being less 

in number the figures are numerically less. Seven doctors out of nine

teen requested additional tests.

The additional tests which were generally considered desirable by 

all groups of Physicians were therefore

Micro-Urine Blood Film

WR Blood Gases,

b) Surf icons.

In Appendices 9, 10, 11, 12, which contain Tables, 36, 37, 36, and 

39 a detailed analysis of the additional tests requested by the Surgeons 

of all groups both for and against multiple screening on admission to 

hospital and divided into the over and under 50 age groups .is shown.

The number of additional tests requested was again higher in the 

under GO aye group but not as marked as with the Physicians,

Additional tests requested in the over 50 age group of Surgeons 

was comparatively less than the Physicians. Due to the negligible number 

of replies in the over 50 age group in the Residents and Registrars any 

comparison would be invalid. However in the under GO age group the 

Registrars and Residents requested more tests than did either the Physicians 

or Surgeons. The most common tests requested by the Surgeons; v&ere the ssintt 

as the Physicians
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Appendices 13, 14. 1G contain Tables 90. 41 and 42 which clw

dciSi i eu analysis of. tnc additional tests requested by the doctors in this

flroup, The under 50 age group had the highest request rate for additional 

tests of the three groups studied. 76 doctors out of 117 doctors in this 

group requested additional tests.

The Residents and Registrars requested the same four additional 

teals that were most commonly requested by the Physicians and Suryeons. 

Part 3.

lables lit le, 19, and aO give a statistical analysis of the number 

o- doctors for and against multiple screening on admission to hospital.

The Physicians under 50 were mostly in favour of the concept (94 

out Oi 11 <) » A similar situation existed amongst the Residents and Re- 

gistrars (84 out of 117).

Surgeons under the age of 50 were not as in favour of the concept

as the other two groups (49 out of 79)., that is proportionally speaking’1 
fewer Surgeons were in favour.

In the over 50 age group only a small group of Physicians and Sur

geons answered the Questionnaire. (As only two Residents and Registrars 

over the age 50 answered the Questionnaire they need not be considered).

The returns of both the Physicians and Surgeons in this group showed sim

ilar results (Physicians 13 out of 19, Surgeons 16 out. of 24).

From Table 17. which gives a statistical summary of all the valid 

Questionnaires completed, the number of Doctors in favour of the general 

principle of Multiple Screening on admission to hospital can be seen. The 

overall figure was that 72M of all groups irrespective of age were in favour 

of multiple screening.
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r .................... !
XJJM M

STATISTICAL .SUMMARY CF ALL CGDI LUTED QUESTIONNAIRES,

;'-:v ______________________tLJisa

! + i +
Yes | No.

STATUS I Number

!

l

Number 1 %! TOTAL

PHYSICIANS 107 OU/j
i

29 | 8A

__i_________________________
38A

SURGEONS 65 18a 30 o 9 c 28.7A

RESIDENTS
&

REGISTRARS 06 24.15* 33 9.2a

.........

33.3a

TOTALS

t-______________________

250 72.1% 100 27.%
___

100A

+\os refers to the number or percentage of doctors in favour 
of multi-screening on admission to hospital.

+ No refers to those not in favour
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JAT 1 [A1Y - - OP ■ WE U
PHYSICIANS,
v. M
Lihi X O *

numoer m lavour
0 f H u 11 i ~ S c r e e n i n g.

uua/oe. not m 
favour of Multi- 
Screening.

Total.

Iysicians
under 50*

94 23 11?

Physicians 
over 30*

13 6 19

Total: 10? 29 136

PHYSICIANS.

STATUS. % in favour of
Multi-Screening.

% not in favour
of Multi-Screening

Total.

Physicians 
under 50

26% 6% 3 2%

' hysicians 
over 50

k% 2% 6%

Total*. 3 0% 8% 38 .%

The above figures are expressed as a percentage of the 
valid replies to the Questionnaire - 358.
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I ----- - N = 103
1 *J Jl lV L iOl jr> i > .‘A X .• J(. «. ) .i » > 0l* 6 U K V • L* i 9

- P-'RT 3>
,

STATUS.
|

Number in favour
>*1 f* ’ .w — v-s V/ W 4. V./ V/.A

ing.

Number note in 
favour of Multi 
Screening•

Total.

j Surgeons 
| under :)0

1 i.O JO 70

Surgeons 
over 50 16 8 24

TOTAL: 65 38 105

SURGEONS.

STATUS. % in favour of 
of Multi-Screening

% not in favour 
of Multi-Screen
ing.

Total.

burg eons8 
under JO

13.5% 8.5% 223

Surg eons, 
over 50

4.53 2.23 6.73

TOTAL:
. a.-. , ......—

183 10.73 28.73
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ST.'ITISTIHAT. SHLYSIS OP SU RVEY.
r;. ; • T ' '»> * r* 0 ;j-\" P *r ^77. - "*»r*

.•' - J. X > - l■J ^2. -i.- «*_4. . JL ^ C

FART 3.
■ /

STATUS Rubber in favour
of Multi-Screening.

Kuwber not in
favour of Multi- 
Screening.

TOTAL:

Registrars
&

Residents 
under 50

8k 33 11?

•Registrars
&

Residents 
over 50

2 - 2

TOTAL: 86 33 119
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Tr. BLiii, 20 (con 14. )

STATISTICAL ANALYSIS OF SURVEY.

RLGISTRARS & R SIDENTS.
PART 3.

s

cm • putc
O X .'A X U O Percent in favour 

of Multi-Screening
Percent not in 

favour of Multi- 
Screening.

Total.

Registrars
&

Residents 
under cjQ

23.5. % * A 32.?,

Registrars
&

Residents 
over 5C

0.6. 5 0 % C.6:

TOTAL: 24.1. 5 9.2 % 33.3 c,
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Unsolicited Comments on Valid Questionnaires.

The unsolicited conn;outs added after Part 3 in the valid Questionn

aires are shown in Appendices 16. 17, 10, 19, 20, 21, 22, 23, 24, and 25,

Gi this chapter. these are included because alt comments are considered -of in 

terest as they reflect what the doctors are actually thinking.

Additional Tests Marked ’TT\

In the introduction to the Questionnaire the Doctors were requested 

to mark an additional 10 Tests with "0" in addition to the 40 Tests marked 

"A" if they considered such Tests necessary on Multi-Screening on admission 

to Hospital. These tests were not examined, for after reviewing the Ques

tionnaire answers 40 selected Tests of those in Part 1. were considered 

adequate to cover all fields of Medicine.



SUr.if.iAUY OF PIMJlKGS.

Port 1,

j’voin tne analysis 01 the tests recommended in this Section s pro

posed ulti-Screening s^t of Tests has been drawn up and is compos,-cJ of 

those Tests where there was an 80 a agreement by all doctors who returned 

valid Questionnaires. This list does not include any of the additional 

tests which are considered in part 2. The section shows that there is 

little difference in the tests selected either as regards groups of doc

tors based on age or status. The following is the battery of tests drawn 

up fro;,i the Questionnaire answers.

bi o-Chemical Haematoloaical

ha. lib.

K. Total WCC

Cl. D i f f e r e n t i a 1 W CC

I1C°3 blood Group

B.U.h. Urine Analysis.

Ca. Protein

AiLIc. Phos. Glucose.

Alb. Respiratory System

Glob. diest X-Ray

bilirubin Cardio-Vascular System.

S.G.O.T. blood Pressure (This is ac-

Cholesterol
tually part 
of a normal 
physical ex-
amination.)Ra n d on blood Suga r.



’oilGWing tests were the- only ones in this Section that appeared

to be relevant in both the general section anc! those related to the part

icular speciality in which the cioctet practised.

VIR. blood bill.]

Micro-Urine Blood Gases.

If the above had been included in the body of the Ouestionnaire 

they may have recorded an BO;* agreement. In my opinion the most likely 

tests in which this would have been achieved are

Micro-Urine 

Blood Film

Therefore in considering the tests recommended in Parts 1 and 2 of 

this section point a) in the introduction of this Chapter is answered.

Part 3.

Of all the doctors who answered the Questionnaire correctly 72b were 

in favour of Multiple Screening on admission to hospital. However of the 

total number of doctors to whom the Questionnaire was sent only 31b return

ed it and of these 22b were correctly completed. This does not really 

answer point b) in the introduction of this Chapter. In order to answer 

this question a more extensive survey would have to be carried out.

Point c) in the introduction of this chapter considers the effect of 

the different professional status of doctors in the acceptance or reject

ion of the principle of multiple investigations on admission to hospital.

The return rate indicated that of the valid questionnaires returned 

Physicians returned 36b, Residents and Registrars 33.3b and Surgeons 28.7b
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(Table 17)♦ Of the number of Physicians who answered the Questionnaire 

30/0 were in favour ot multi-screen iny and 6/ not in favour (Table lb).

C ■*' T f> . ^ f • 7 ■ ■ f- ri '1 *■ e. ^ M 1 * 1 \ * *-* 4-' O rr A » : »*• *’> •'» .*1 V * * '* /*- * V-;
O 1 C lib U bU i U bit t b CU4M Ui>vf .1 U Ui U *«.£•.*./ V *¥ O i. i. * * 4. • C' v-i i. U>*U v a.*a

favour (Table 20), The burgeons were 10,- in favour and l0.7/o not in 

favour (Table 19). These results refers to the views of a small sample 

of doctors who answered the Questionnaire, and as such does not allow any 

definite findings to ue leaciieu*

Point d) in the introduction of this chanter considers the aye factor 

of the doctors who answered the Questionnaire. The findings in this 

section indicates that a greater proportion of younger doctors to whom 

the Questionnaire was sent are liable to return it. There is no way of 

comparing the number of doctors in the over and under 50 years age groups 

to whom the Questionnaire was sent as tile age proportion of the various 

groups of doctors in Australia is not known.

In review of the above considerations, based on a limited sample and 

the small response rate, one cannot reach definite "conclusions" on the 

basis of this survey.

One can suggest hypotheses which could, if tested,on a more repres

entative sample and by the use of personal interviews, provide data of 

value in planning and introducing a battery of tests which could be used - 

as tiie basis for multiple investigations on patients on admission to

hospital.
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iNCORir./;TJ,Y comfiatad aT:::cT:cc;N/.T/::rg.

One hundred questionnaires were returned incorrectly completed and 

therefore invalid due to the following:

?4/ of these were invalid due to the following
1. The appropriate number of tests requested were not filled in*
2. The status or ape group was not marked.
3. No decision was given as regarding agreement or disagreement 

to multi-screening.
2.6% were invalid as they were not completed in any section but the 

Doctor passed general comments on the Questionnaire.

The total of all the above returns represent 7 1/3/4 of all the 

questionnaires sent out and 22 % of the number of questionnaires returned 
by Doctors.

UNSOLICITED.: CENARAI CeliHTNTS OP THE INVALID .UESTIONNAIRCC.
1. My hospital has on the advice of the medical staff decided that

multi-testing on hospital admissions is not to be established

at this stage and have advised against it in principle - (This
comment represented the views of a major Melbourne teaching 
hospital.).

2. I disagree with the need for more than about 15-16 routine tests.
3. A bit too complex for me - I feel that a good social profile 

might be more useful.
4. Cost and complexity cannot be ignored in any practical scheme.

5. Multi-test screening should only be introduced when many more 

important facets of patient care at present being neglected have 

been given proper attention. At present multi-screening would 

be a misuse of public and private money.



6. I fail to see that this will serve any useful purpose except

to waste time and money. I suggest you become involved in a

racre useful project.

?. 1 cannot answer this as set out. I doubt that one can meaningly 

c lect forty mo ' propriate tests than ten desirable tes ts.

The problem of multi-test screening seems to be an organization

al one and not a medical one im most of its aspects.

8. If it is to be done one cannot reduce the number to forty. 

Equally significant ones are deleted.

9. In my opinion, there is not even one test, yet alone forty, 

which should be done routinely on every admission - even a 

Chest X-Ray may be inadvisable if a normal one has been 

performed within 12 months.

10. It is with considerable regret that I have to inform you that 

I cannot fill out your questionnaire as requested, I don't 

think I could put down forty tests that I would consider to be 

most appropriate as routine examinations on all admissions.

I feel that it is far too many for this purpose. I agree with 

multi-test screening on hospital admissions but not this 

multiple.

11. I may have mucked up your sheet but even with enthusiasm, under 

any circumstances, I could not find more than 15 As that I could 

countenance as routine tests on admission.

12. As you can see I have only answered part 5 of your questionnaire 

(No.). This is deliberate but is not intended to saboUtage 

your research. I don't hold for routine tests on any patient
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admit ed to hospital for whatever complaint. This does not 

apply to public health screening campaigns conducted outside 

hospitals.

I believe that every investigation inflicted upon a patient 

warrents a valid reason even if the tests be simple, cheap and 

of no inconvenience physically to the patient. I guess I might 

be termed old-fashioned but I firmly believe in Clinical acumen 

for'" , Investigations valuable and necessary when indicated, 

should be recognised for what they really are - auxiliary aids - 

to confirm or deny a clinical diagnosis or to make a diagnosis 

when this is impossible by physical means.

13. I feel that 2 or 3 tests are usually sufficient and consequently 

I cannot find kO appropriate tests for ALL admissions.

14. This idea is appallingly alarming. Tests should be indicated on 

medical evidence only.

13. I could bring myself to mark 33 tests only, which is already too 

many, in my opinion, for routine testing.

16. I agree only with appropriate tests - not routine tests on hospital 

admissions.

17. In paediatrics a venipuncture is not undertaken lightly, and I 

would not regard the likelihood of a significant abnormality 

being uncovered would justify this.

18. ./hat nonsense - forty routine Tests !1 ’.'.ho pays the taxpayer ?

19* (a) I do not agree that screening is a good thing for the patient.

(b) Cost should be considered. Otherwise medical care will

become as expensive as in the U.3.A.
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(c) Minor abnormalities can load to further detailed in

vestigations and even operations which are unnecessary 

and we then leave the patient worse than we start.

(d) Let us think before doing "blind investigations’'1

(e) Just because somethinn* is "done overseas" does not mean 

we have to follow.

(f) I would be interested in the cost of your investigation.

20. In my opinion the first step in clinical medicine is a careful 

history and a full general examination. I would not have any 

tests done at all or even a routine chest X-Ray until that had 

been satisfactorily completed. Then I would select such tests 

as seem appropriate ( if any) - a limited and highly selected 

group (sometimes on an acute surgical condition such as an 

acute appendix in a young soldier - none at all. Operation 

forthwith. No tests except the normal clinical examination). 

This is the essence of good medical practice and the routine 

performances of 40 bio-clinical tests without discrimination

as a routine at the time of admission is the negation of it. 

Trusting that you will give a fair account of this viewpoint 

in any contribution you may make to the literature or other

wise .

21. I do not hold with the principle of routine performance of a 

set of biochemical and haematological tests and it is seldom 

indeed that thc^e is a need for such an extensive screening. 

Consequently, I have consigned the questionnaire to the waste 

basket and I shall continue to instruct my students and
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residents in the use of common sense in the ordering of tests.

22. I really think you must be joking I

23. Totally unconvinced about the usefulness or economic justification 

of biochemical profiles.

24. Although I agree in principle of routine Multi-Test Screening in

my opinion it is bad medicine if not lunacy to have forty tests 

as a mi ' a:,:. 2\. the. 20 odd I how filled in ar more than is

necessary and no benefit will accrue to the patient, by having 

forty or more done.

25. I cannot in all honesty think of 40 or 50 tests, I would want in 

a general screening procedure. In part this is - that because 

of my speciality - I am now out of touch with general hospital 

procedures but also it seems overwhelming to me to consider such 

a screening programme.

26. My Secretary made me chop this comment off as inappropriate to 

H.M. Post Office and any receptionist. Phrased in a more restrain

ed way, the proposal is ludicrous from more than one point of view, 

One physician was extremely dogmatic about the format of the 

Questionnaire considering it structurally poor and a waste of his 

time and considered that the time of the person doing the research 

could be better spent on other projects.
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DTCCCCSIPis 03 A BOV I, caTAKT;-;.

These general comments are exact extracts as they appeared on

the Questionnaire. The fcnglish has not been corrected. Some comments 

have not been included as the writing was undecipherable. It must be 

realized that this Questionnaire was done in August, 1969, and I con

sider that if the same questionnaire was sent out now, some of these 

doctors would have altered their views. The comments indicate that 

there is some lack of understanding in the principles involved in multi

screening procedures and the equipment available and the type of tests 

that are automated and can be performed on this equipment. This I will 

elaborate on when discussing the admissions profile which has been 

selected, based on the answers in the Questionnaire and what I consider 

reasonable and practicable under Australian conditions, Chapter 4 Page

346
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APPENDIX I.

UNIVERSITY OF NEW SOUTH WALES. 

SCHOOL 0 ■ IL.hLTH A.D1 EN3 iT AT ION.

r.v>. dox 1,
Kensington.

Lear Doctor,

I am engaged upon a post-graduate research project at the 
University of Lew Louth '.Vales.

As you are aware, "biochemical profiles" are prepared 
routinely on admission to many hospitals overseas - biochemical 
investigations being relatively easily adaptable to multiple analysis 
methods.

I am investigating the introduction of a more comprehensive 
admission or pre-admission series of investigations. I will not 
discuss the pros and cons of this concept for I am sure you have your 
own views. However, I would be most grateful if you would fill in 
the form attached to this letter.

Please return the completed questionnaire in the enclosed
envelope.

Looking forward to your co-operation in this project.

Yours sincerely,

J.I. DAVID, K.B, 3,3,
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Part On ^.continued.
APPLNLTX T.

C.S.F. ANALYSTS

Glucose ! Protein Cl I Largo
t_L

FAECES ANALYSIS

. . . . . . . . . . . . . ~~~. . j. ”. . ~. . . . . . . . .
Geeult Jiljood______________ _ j Faecal Fat (3 days)

GENERAL PATHOLOGY

L.IL Cells I Cervical 
j omear

Latex
Test

Cloud |nh Factor
Groun ’ ........

HAEMATOLOGY ANALYSIS

lib
irarcFn... . ■

Count
Total

vice
liaema- 
t ocrit M.C.V.

M.C.II. M.C.ll.C. E.S.R. P.I. DIFFEREN- 
tial W.C.C.

Platelet 
Count.

RESPIRATORY SYSTEM EXAMINATION.

Chest X-Ray Spirometry

CARL)IOVASCCLARY SYSTEM LXAMIN/.TI ON

B.P. E.C.G.

GASTR0 INTESTINAL SYSTEM EXAMINATION

Sigmoidoscopy if over 40 years.

Parts Two 6 Throe on next sheet
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APHINDIX I*

*•) ' D ri"' • f f'\
i'j\ il l. -t.

Tests not covered by marking appropriate 
square- in Part One# ..... ..... ........

1* General#

| 2, In your Speciality

PART THRI'}- _________________ ___

Do you agree in principle to Multi-test Screening YDS 

on Hospital Admissions. NO

THANK YOU FOR Y01.T1 CO-OPERATION.
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PHYSICIANS CNDI'Pv TUN AGP OP GO - YES.

TABLE 2-i
N = G,1

bicchb: 'ical analysis .

SZRUk ANALYoLS.

Type of No. of DrsLc# [Type of No. of Prsj Sot
Test requesting agreement Test. requesting agreement

Test. marked by Test. marked by
"X". i i y 11

L
Na 91 X Bilirubin 00 X

K. 92 X S.G.O.T. 76 X

Cl 00 X S.G.P.T. 44

aCGjj 05 xr L.D.H. 42

3.J.N. 07 X C.P.K. 21

Or -at. 62 Thymol
Turb.

19

47
ZNSO Turb -F

1- c

/icid. 02 V
Chole-

O • # 15 sterol 06 X
c. 70 Barbitone 13

Kg. 13 Hapto
globin 3

Amylase. 33 Schurta's
Test 2

Aik ihos. 07 X 3r. 13
Alo. 00 X Pe 55
Glob 04 X I.B.C. 20
Total Prot
ein

71
P.3.1. 50

t ^cid Phos . 43
Van den Berg 11 3.3.?. 21 !

^!ose ^^ysicia ns in favour of an Admission Profile
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PHYSICIAN I'M)i-II Till- AGs OP SO r YES.

Tyne of
Test .

I L.
Ao. oi Jrs j ou/j
jiequosting:Agreement 
jFuoL. jmarAcd by

|"X".
J.............................! .

L f
hypo oi
jTest.

:.......

i>U® Oi.
Drs. re“

,
Test.

! 0 n" -| UO/J n.!1l'QQ'~ 
rn,A r- plr—

Ibi

Met. Kb* 5

‘ 7 m L 1 ir

Sulph Hb. n

.-.Idolase i

O-.oIin-
esterase 4

Ca Oxidase ~

Pyruvate 4

Lactate 4

Salicylate 12

Jarotene 3

Cu -

Cortisol 19

Cryo-
globulin 2

SIA lest 1

Fibrinogen 11

Random
3LCOD SUGAJ 77 X

G.T.7.

CM

229
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PHYSICIANS UMJLR Till- AGL OF 50 - YKS.

T A B 1 E. 21

■ ■ ■ ■ i
u i\X:» ;u •• i i u 1 - *0 «

1

Tyre of No. of Dr,4 8Of3 Tyre of lUo.of Drs ! 8CD'
Test request- j Agreement Test. re?quest inqgre c rent

ing Test. ! narked by Test. \ named ;
"X" lbyuX"

Tire Hr. 5-0HIAA. 7
Kin. 12

Vol. 41 Bilirubin 46

Ha. 12 Urobilin-
o gen. 36

K. 11 Porphy-
rins. 26

Cl. 3

Ca* 17 Porpho-
bilinoyen 22

Kg. 1 i

P 4 B.J.Prot. 13

Uric Ac. 9

U.N. 5

Croat. 12

Protein. 133 X

ph. 60 1
Glucose. 02

X
1

Cystine. 12
V

17-K3. 5

17-0HCS. 5

D-XYL032. 2



C3/2/1
231

PHYSICIANS UNDER THE AGE OF 50 - YES.
m • T> T T1 ° *! 
j. n. **

HAEMATOLOGY i..-LYSIS

- — - - ---
Type

-c3t.
I

Mo.of Drs
,"k » A Lx COuOui/^

ing Test

ZO% | Type of
Agreement j Test
Starke d by j
"a"

no. of Drs| 601; 
requesting! - • retuerA. 
Test | itarked

j by "X" j

91 X ?.I. 28
i
!

L-.ed Pell 
^Dunt•

29 Different
ial iv.c.c 83 X

Total
■l\’CC 84 X

Platelet
Count 70

Kneraa- 
tccrit. 65

K.C.V. 30

A*. » s/ « «« • 19

M.C.H.C. 42

E.S.R.
91 X

RESPIRATORY SYSTEM EXAMINATIONS.

Cheat
X-Ray. 90 X

Spiro- 
r.etry.

37

CARDICVASCTLAH SYSTEM examination.

3.P.

1

90 X E.C.G. 70

f
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PHYSICIANS UNLHPv. THE AGO OF 50 - YKS.
— ' ' i

| TABLE, o j
i "
!... |

C. Sr?. ANALYSIS. |! i
I

j Type of 
; Test,

1 Ao. of Nrs
1 requesting 
Test.

! r ./00/O
|Agreement 
narked by
rr yit■*>. «

r*"> j*xvpe ox 
Test.

No. 01 ors 
requesting 
Tost.

A— !GO,; j
Agreementireared byj
nxn.

1
]-------------------
• Glucose.

;Protein.

11

16

i

Cl.

Lange.

0

12

|
j? n.-lr^TLO Ali.iisioio «

Occult
Blood. 64

Faecal
Fat (3 

days).
15

1

rnir.uJLAAjI •
. !

L._. Sells-

Cervical
Smear*

Latex
Test*

13

70

20

Blood
Group.

Rh Facto];

70'

61

GASTRO INTESTINAL SYSTEM EXAMINATION.

Signoidos- 
cc'.y if 
over CO 
years.

:

42
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X3ICL\T.3 J T) fT'! 11 'iUv. iliL Cr 50 - 50.
5o - Those not in favour of an Admission Profile

? A 3 L F, 22

X3 X Vo w f' ~’.i .i. v./ M. !j r..' a i-i 1 O O ®

C'• - ■* T»r :' * * * *
OjLu^ O * - /Vi < .'V LY0T3,

Type of 5"o. of Drs Ca-7
, UO/J’

^ rA
jr p 0 O jw Ac. of Drs| 80/i

Test requesting Agreement Test. recuestinr agreement
Test. marked by Test. narked byj

"X". * "X"

22 X Bilirubin 20 X

K. 22 X 3.G.O.T. 20 X

Cl 19 X S.G.P.T. 12

21 X L.D.H. 4

gy ** i •
V/ • «i « 20 X C.P.K. 5

Of _a ^ • 10 Thymol
Turb. 7

i» 9
ZIIS0 Turb ^ 6

Uric Acid. 10 X
C'nole-

o. G, 3 sterol 23 X
Bar'oi tone 7

Ca. 17
aapto-

1 *6 • 2 globin 1

Amylase. 4 Schunn1s
Test 1

* r.os • 23 x 3r. 1
Alb. 21 X Fe 11
Glob 21 X I.3.C. 3
Total Trot- 14
ein £. S. i. 17

/vcid Phos 9
Van den berg 3 3.S.P. 5
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TABLi: 32.

PHYSICIANb UNDER TiiLI nGL OF 00 - NO.
•---------- ;--------—--- —— ---------------------- ;-------------------------~r~

% ■'
J o o >
■*

, ! L[too. of orsjOUA- ilype oT

p------------------

No • oi

j____

i 0 r- f * j Oll/O
i Test* requesting j Agree-; .eat [Test. Drc. re™ |ment mark-

rn
iU^A. ...... j questing by "Xn.
"X".

r r -rr-nt -i ,

Test r |
Ket. Hb« 1

Sv;lph Hb* -

aldolase 1

Cholin
esterase _

Ca Oxidase -

Pyruvate -

Lactate -

Salicylate 3

Jarotene 1

Cu 1

Cortisol 3

Cryo
globulin 1

SIA Test 1

Fibrinogen 2

Random

BLOOD suga: 21 V

G.T.T. 5

•

—----- --------- --
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riiiall/jlrtNb TOO AGM Or GO. - hu.

T A B

T T ", T'"'7‘ -- VOTCx.. -   a i / k-> ' . O —. *-/

Tvre of
Test

! No. of Or 
request-” 
ing Test.

i cO?-.

• Agreement 
| marked by
| "a"

1 Type of 
j Test.i

llTo.of Drs 
recuestin 
Test.

8055 \

prresxent 
■: .;n..v:ea 
by"X"

.. ...____  ,|
Time Hr. 5-OHIAA.
Min. r

Vol. 12 3ilirubin 9

Na. 3 Urobilin-
o gen. 6

X. 3 Morphy-
rins. 0

Ci. 2

Ca» 4 Porpho-
biiinogen, 4

Mg. -

P 1 B.J.Prot. 5

Uric Ac. 3

U.N. -

Croat. 2

Protein. 22 X

PH. 11
Glucose. 21 V

Cystine. 3

17-J23. 1

17-0HC3. 3

D-XYL032.
!

1 1
-------- —i — (
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PHYSICIANS UNDER Till: ACL OF 50 - NO.

T A BIT. '32

t; <'-v»rn ''TO^V ' T \r^T *J i ^v*».-v—■ x O-*-*J •

Type
/N
Test.

No.of Drs 
request
ing Test

80%
Agreement 
marked by 
"X"
-. . -

Type of 
Test

f.N'o. of Drs 
requesting 
Test

roO^
Agreement 
marked \ 
by "X"

Kb • 23 y P.I. 6 !
Red Cell Different- |
Count. 7 ial W.C.C , 21

Total Platelet
■17CC 21 X Count 15

Haema- 17
tccrit.

K.C.V. a
K. C. H. 8

J.. C * *’* # o« n

O ■ O * . 23 i X

RI3PI.-AT03Y SYSTEM EXA!TNATICNS.

Chest Spiro-
X-Ray. 23 X metry. 6

CARDI0VA3CIn* ' ij qy 'T>:n/ EXAMINATION.

3.P. 22 E.C.G. 19X X
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236
PHYSICIANS l:NOCR THL AGU OF 50 - NO.

p

tabl 1.vr

C, 'SrT. ANALYSIS,

I "Zfo or 
! Test.

!
i

..*-.o. Ox ->rs 
requesting 
Test.

Q p." '
Agreement 
[marked by
tr/n...

Type of 
Test.

No. of Drs 
requesting 
Test.

o i1 OO/o i
1 Agreement 
mared by
nx,!.

i • ■ • ■ - -
Glucose.

I
2 Cl. 1

Protein. 4 Lange. 1

!:

FA2CZS ANALYSIS.
ii . .
iOccult 
| Blood.

1i

16
Faecal
Fat (3 
days).

■7

G ,TERAL F ATHOLCGY.

6 Blood
...... . — -—

Group* 21 X

17

16 Rh Factor IB X

L..^. oelrs*

Cervical
Smear*

Latex
Test*

GASTRO INTT3TINAL SYSTEM EXAMINATION.

Sigmoidos
copy if 
over AO 
lyears.

ii
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PHYSICIANS OVIR TIIK AGK CF 50 - YKS-f
237

w- 13
BI0CH3MCAL ANAI..Y3B3.

SSRUi; ANALYoBS

Type ofNo. of Drs

Test.

Bilirubin

S.G.P.T

Uric Acid
Chole
sterol
Barbitone

Aik Pr.os

Glob

Total Prot
ein

Acid Phos
Van den Ber,

* ln following Tables Yes or NO indicates the answer to Part3
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TAIUJ. 23. ■ 230

HliYolGl/UXS OViii Xiih rtGh Ui* 50 ~ YLb

Type oi’
1 >r* r* v> r»I r*»— o J. > t .iw v a 1 w

Test

esterase

C|i Oxidase

Pyruvate

Lactate

Cortisol

Cryo
globulin

Fibrinogen

G.T.T
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PHYSICIANS OVLP. Till- AGE OF £0 - YiAS

; r: - —•* a * -p* * ? ' » t v "** C
| b . ■ .». » ^ •—• «•> 1 • i -a.- •»* ■>•• ■ • '

i

Type of 
| Test

!

! No. of Dr 
request
ing Test.

| 80f<
| Agreement
1 marked by 
| "X"

i Type of
| Test.

Ho .of Drs 
re questin. 
Test.

! So%
^Agreement, 
tmarked
by"X"

Tir.e Hr. 5-okiaa. .1
Hi n. -

Vol. 5 3iiirubin 8
I

Ha. - Urobilin-
ogen. 9

H* - Porphy-
rins. 5Cl. 1

Ca» - Porpho-
bilinogen 2

Kg- —

P -- B. J.Prot. 1

Uric Ac. -

U.N. -

Creat. -

Protein. 11 X
’/iP • 4

Glucose. 12 X
Cystine. -

17-KS. 1

17-CHCS. 1

D-XYLOSE.
l

——-----
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PHYSICIANS OVMi TliK AGH OF 50 - YLo
------------------------------------------------------

T A 3 L D. _2H 4

U«'.n‘«rTi.'Tri^Y 'H'tvotq j

pe

.est.

Do. of Ore 
request
ing 'Pest

£C^
Agreement 
marked by 
"X"

Type of 
Test

'So. of DrsjSOA- 
requesting) -• ;reemenq 
Test ! marked i

(by "X" ;

Hb. 11 '/ P.I. 2

Red Cell Different-
I

/• ■•»• -a-
'-'W k<ii V/ • 0 ial '.V.C.C ■ 11 X

Total Platelet
vice 9 Count y

Maema- 
tccrit. 10 V

K.C.V. 7

> f /-*
a'. • ^ » T~* « 5

K.C.H.C. 5

-1* • • ft e
13

__
X

RSSPI.-ATOPY SYS PDF. EXAMINATIONS.

Cr.-st.
X-?.ay. 11 X

Cpiro- 
metry. 3

I

CAPDICVACC’ ~ ^ qy :-f*7V
O A ^ x A~»"* • examination.

5.?.
11 X

2.C.G. 10
X
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PHYSICIANS OVER THE AGE OF SO - YES.

j T A B L ?JL. |

C. S. F. ANALYSIS,

| of 
j Test.
i

No. of Ors 
requesting 
Test.

Son;
Agreement
narked by 
ir/ii

Type of 
Test.

No. cf Drs 
requesting 
Test.

1 Or/'O j
Agreement 
marea bytr/iq

Glucose. A

Cl. 3

Protein. 4 Lange. 4

<

i —"i $ ■+—. fy —i ^ * r ^I* rvF>0 OlO •

Occult Faecal
i Blood. 10 X Fat (3 3
|

'

days).

GENERAL PATHOLOGY.

L.^j. v^ells* 6 51ood
—

Group* 9
Cervical
Smear* 9

Latex Ph Factor 7
Test* 7

GASTPO INTESTINAL SYSTEN EXAMINATION.

Sigmoidos
copy if 
over 40 
years.

4
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PHYSICIANS OVER THE AGE Or 50 - i\o

No = Those Doctors nothin ferorrof arTABLE, 24

BIOCHUI'ICAL AXALYoBS. 
i

Ad no s si on Profile

SSRlv. ADA LYoES.

.........
Type of
Test

To. of Urs 
requesting 
Test.

iso;'
Agreement
narked by 
MXM.

Type of 
Test.

To. of Drs 
requesting 
rest.

60;;
agreement
t— -» r*Vr» ri 

"x""
1

Na 5 V Bilirubin 5 X

K. 5 X S.G.G.T. 6 X

Cl 4 S.G.P.T. 4

HCO3 5 X • D • Pi« 2

3.U.N. 4 C.P.K. -

Creat. 3 Thymol 3
Turb.

P. 1
AT 30 Turb*+ 3

Uric Acid. 5 X
Thole- 6 X

S.G. 1 sterol
Barbitone 3

Ca. 2

‘‘*5*
Hapto- -
globin

Amylase. 1 Schunn's -
Test

Aik rhos. 5 X
3r. 1

Alb. 3
Tq 1

Glob 3
I.3.C. 1

Total ?rot- 6 X
ein P.3.1. 1

^cid Phos 1
Van den Berg 2 3.3.P. 1



TAHLh 2/1.

-PHYSICTANS- mill Till AGi; OF 50 ~ NO.

C3/2/Page.'i7 •
o < o

Type ofof Drr
re-'nent rrark-

Ca Oxidase

iyruvate

Lactate

Cortisol

BLOOD SUGAi
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244

PHYSICIANS OVIK THE AGE OF SO - NO.

TABI E. 24

?y/e of
Test

Ho. of Dr:[ 8Cf- 
request- ; Agreement 
ing Test. J marked by 

; "X"
1

Type of 
Test.

To.of Drs 
re cue stir. 
Test*

i P rc2j v.v \J '-j

^Agreement 
'marked 
by"X"

Time Hr.
Kin. 2

5-OHIAA. -

Vol. 4 Bilirubin 4

Na. - Urobilin- 4

K.

Cl.

-
ogen.
Porphy
rins. 3

Ca*

Kg* -

Porpho
bilinogen 3

P - 3.J.Prot. 2

Uric Ac. 1

U.N. -

Creat. -
Protein. 6 X

P • 3 1
Glucose. 6 X

!

Cystine. -
17-K3-
^ r-j ,tn * - r*1 2

D-XYL03S. -
I
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PHYSICIANS OVi.h TllL AGL Ur 50 - NO,

T A B L 5, 24

tt < r « rn,^T r\r> V <• > T • V •> t M 
Sii\juu‘u\ x v^xj’vx'vji X Anr.ojiGj-O ,

Type
of

Test.

No.of Drs 
request
ing Test

8o %
Agreement 
marked by 
"X"

Type of
Test

'No. of Drs 
requesting 
Test

' 8ofT'

Agreement 
narked !
bv "X"

. f

Hb. 6 X P.I.

Red Cell Different-
Count. 2 ial W.C.C 5 X

Total Platelet
-wee 6 V Count 2

Kaena-
tccrit. 5 X

------------------ ---------snr——

K.C.V. 2

\ • *i y
I\* ^ • ** • 2

1XC.H.C. 3
i i

4

’

T* s
• O r a\ »

i 1

RBSPi .-atopy gy;,:t:: examinations.

Che st Cpiro-

X-Ray. 6 -

X
metry. 3

CA3DICVA3CULA5 3Y5TZN 2XA!'INATION.
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PHYSICIANS GVUv THE AGL OF 50 - NO. 

TABLE' o ;

C. 3. F. ANALYSIS.

■>;rs of
Test.

[_

No. of Drs 
requesting 
Test.

! 30fl
■ Agreement 
narked by
"X".

Tvpe of 
Test.

No. of Drs 
requesting 
Test.

0 rsr/O ‘yJ,J

Agreement 
mared by
"X”.

Glucose.

rrotein.

2

2

Cl.

Lange.

2

1

FAECES ANALYSIS.

Occult
Blood. 4

Faecal
Fat (3 
days).

4

GENESAL PATHOLOGY.

L.^. Cells-

Cervical
Srr.er- r*

Latex
Test •

i

3

4

1

Blood
Group.

Rh Factor

5

5

!

X

X

GASTRO INTESTINAL SYSTEM EXAMINATION.

Sir.toidos- ’ o
copy if 
over CO |
years.

|
:
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SUROKONo UM)Uv 50 - YDS.

Yes = Those doctors in favour of an Admission Prof41'-
T A B L E. d-L.

3I0CH3!'IGAL AXALYSaS,

Type of A'o. of Drs
-f----------------- -—C r~ r/

> uu,-j 1 Type of |>o. of Dr si 5
Test requesting ..greet; ent 1 Test. requesting

Test.
,-.gree.rent

Test. marked by narked by
"X’k "X"

A’a 40 /• Bilirubin 43 X

K. 47 X 3.G.G.T. - 39 X

Cl 47 X S.G.P.T. 19

T1JC^ 46 X L * D 0 n « 10

5.U.N. 45 V C.P.K. 1

Treat. 17 Thyr-ol
Turb. 21

19
ZIJSO Turb ^ 10

Uric Acid. 34
Chole-

S.G. 5 sterol 30

Ca.
3arbitone 143 Y

'•'c. 7
Hapto
globin .

Ar.ylase. 26 Schurta* s
Test

Aik Ihos. 45 X Br. 2
Alb. 44 X Fe 16
Glob 42 X I.B.C. 1
Total Prot
ein

41 V

P.3.I. 23
| ncid Pho$ • 26

Van den 3erg 9 3.S.P. 6



TALL)- 25
C3/3/ Page* 2.

240
SURGLONb Ui\0i:,R 50 - YLS.

r
J Type of

■
1 No. of Drs Type of

- ^ - -
No. of

J_
L ,|60/o> Agree-

| Test. |requesting Agreement jTest. Drs. re~ ! inent mark-
iTeat* marked bp questing)by "XH.

"X'L Test. |

Ket. Kb. 5 |
Sulph Kb, J
aldolase -
Cholin
esterase 2
Ca Cxidase -
Pyruvate -
Lactate -
salicylate 2
Carotene -

Cu -

Cortisol 5
Cryo
globulin -

SIA Test •

Fibrinogen 4
Random
BLOOD SUG/J 45 X

G.T.T.

------ ----- L

0

.

•
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3 UR G LONS UNi)iai 50 - YUS.

TAB! E. 25'

e cf

Test

Uric Ac

reat



C3/3/4
250



C3/3/5
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SURGEONS UNDER 50 - YUS.__________________________ _

? A 3 L 2.25 . |

C. 3, F. ANALYSIS,

. ' : 3 of
-At.

u. oi .<rs 
requesting 
Test.

! o
j w V-. /S

|Agreement 
: narked by
uyi?

Type oT ! 
Test.

No. of Drs 
requesting 
Test.

tc-.-'j 0, V j
!Agreement 
cared by
tr rtt

j 1
I Glucose.

{ Frotein.

6

6

Cl.

Lange.

4

4

FASCZS ANALYSIS.

Cccult
Blood. 36

Faecal
Fat (3 
days).

12

GIN2RAL FAT.-ICLOGY.

L.J. Cells.

Cervical
See.': r»

Latex
Test-

14

42

13

X

Blood
Group*

Rh Factor;

T

47

45

X

X

=■=— —
GA37F0 INTESTINAL SYSTEM EXAMINATION.

----------------...

Signoidos- ■

co-" if ! 34
over tO !

years.

t

. i ; ft
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SURGNONS UN DIP; 50 - NO
j i\0 — x iiObu 3001 0i' S uol i,E favour of uuX i \ 1.; U.E

' *
nsjlu± & o X On Profile

j V — o/»^ * O
BIOCI EPICAL ANALYSIS.

U« . Ai * a HO o

1Type of No. of Drs j. 8op [Type of No. of Dr.s 8Op
Test requesting Agreement Test. requesting agreement

Test • marked by fest. marked by
"X". "X"

Ka 30 X 3ilirubin 26 X
K. 30 X 3.G.O.T. 21

Cl 30 X S.G.?.?. 15

HCCv 27 X L.D.H. 4

3.U.N. 23 C.P.K. -

Croat. 12 Thymol
Purb.

9

?. 9 ZNSO Turb^ 0Uric Acid. 21 Chole-S.G. 5 sterol 22

Ca. 3arbitone 123
Hapto-

KS- 4 globir. -
Amylase. 10 Schunun's

Test 1Aik Phos. 24 X 3r. 1
Alb. 24 X Fe 13
Glob 24 X I.3.C. 3
Total Prot
ein 26 X P.3.1. 17

: ^cid Phos • 22
Van den Berg 6 3.S.P. 6



iVvLLL 26. C3/3/ Page. X 
253

SINGLONS LNDLR 50 - NO.
No. of joG7o Af-;ree- 
Drs. re-|iuent .mark- 
questing i by "XM. 
Test. |

No. of Drs j60% (Type
requestingiAgreement jTeot 
rest. iiiarneu by j

Ca Oxidase
Pyruvate
Lactate

Cortisol

Cryo
globulin

Fibrinogen

3LCOO SUGA1
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SURGKONS UNDCR 50 - NO.
T A B i. E. 26„

UHINE ANALYSIS

No. of Drri 3o;4

Tir.e Hr

Urobilin
ogen.

rins

Uric Ac

rrotein.

Glucose

17-OHCS.
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v . .2 UND1 R 50 - NO.
T A 3 L 3

haematology analysis

No. of DrsfoO': 
requesting| reezerXf 
Test I narked i

request-* jAgreement 
ing Test barked by

ial IV.C.C

Platelet
Count

tccrit

Spiro-Chest
rr.etry

CAPDICVA3CULAP SYSTEM EYAI'INATION

E.C.G
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SURGLONS U.MJai 50 - NO.

T A B L 2, :i(

1
C. S. F. ANALYSIS.

_ _ _ _ _ _  ' ~ i
Type of!j - ^ °

j

Mo. of Trs 
requesting 
Test.

j sc-:
■ Asreesent 
narked by
"X",.

Type of 
Test.

Mo. of Drs 
requesting 
Test.

Qr\-/
j

Agree.re nt 
cared by 
"X".

J Glucose.
| Protein. 7

Cl.
Lange.

3
2

FAZCZS ANALYSIS.

Occult
Blood. 25

Faecal
Fat (3 
days).

7

general pathology.
L.^. Sells.
Cervical
Smear*
Latex
Test*

11

24
7

X

Blood
Group*

Rh Factor

30

20

X

X

I
gastro intestinal system examination.- --- —--

|Sirroidos- 
:copy if 
;over LG 
:years.
i
L

21
,■ / ; ft •
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SURGEONS OVER THE AGE OF 50 ~ YES.
Yes ~ Those doctors in favour of an Admission p> 

1 TABLE, 27

N = 16.
8I0CK2!:ioal ANALYSES .

• rj f ■ \ 2 1

j

!

SERI!;-; ANALYSES. |

Type of No. of Lrs j.80£ iType of <o. of Drsj SOP
Test requesting agreement Test. requesting agreement

Test. marked by ! lest. narked by
IIYII

*+ o HYU
1

Na 16 X Bilirubin 15 V

K. 16 X S.G.O.T. 13 X

Cl 16
a

X S.G.P.T. 9

HCOv 16 X L.D.H. 1

3.U.N. 13 X C.P.K. -

Great. 5 Thymol
Turb. 5

P. 6
ZJISO Turb4 4

Uric Acid. 12
Shole-

S.G. 3 sterol 13 X

Barbitone 2Ca. 9

5? O
i •

Hapto-
globin -

Amylase. 12 Schunun* s
Test

Aik Phos. 13 X
| Br. 3

Alb. | 14 X
| 7 Q 3

Glob 14 X
i. a« G e -

Total Prot- ; 14 X
ein P.3.1. 8

; Acid Phos 9•
Van den Berg 4 3.3.P. 2

-



TALLL 27

C3/3/Page.]2 
250

SORGLONS OV!-:R THi: AGb OP' 50,-- Ybb.

■'Type of
Te ot •

.. . .. i
i\o. ox urs |
requesting
r'V. i.W *m> U IP

> *-• - fuu,i)
Agreement 
marked by
11Y11Jth. «

Type of
Test.

Ko. of 
Drs. re
quest ing 
Test.

[Agree™ 
Iment rr.ark- 
!bv "X".

■ if •

Ket. Kb. 2

Sulph Mb. 2

Aldolase -

Cholin- i
esterase i

Ca Oxidase 1

Pyruvate - v

Lactate 1

Salicylate -

Carotene -

Cu -

Cortisol 1

Cryo- j

globulin

SIA Test -

Fibrinogen 5

Random
BLOOD SUGAI 13 X

G.T.T. 1
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259

bUiGLOi'iS Uviui XIiL nGL Or 50 - YXS.

URIN2 ANALYSIS.

Type of
Test

No. of Dr 
request
ing Test.

$ 80%

1 Agreement 
! marked by

"X”

I T:/po of 
Test.

No.of Drs 
requestin 
Test.

i 8o%
gag reementj

1 marked
by"X"

Time Hr. 5-0HIAA. -

Kin. u

V ol. 7 Bilirubin 11

Na. 2 Urobilin-
ogen. 7

X. - Porphy-
rins. 7

Cl. 2

Ca* _ Porpho-
bilinogen 3

Kg- -

? - B.J.Prot. 1

Uric Ac. 1

U.N. -

Croat. -

Protein. 14 V

P“* 14 V

Glucose. 16 X
Cystine. -

17-KS. 2

1

D-XYL032.
!
1

___________ I_ _ _ _ _ _
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bURGEOiNS OVER THE AGE OF 50 - YES.

T A 3

HALNATCLCGY ANALYSIS.

yJ
i

Type
of
Test.

I'O • of Drs 
request
ing Test

pry'/
Agreement 
marked by 
"X"

Type of 
Test

/No. of Drs 
requesting
Test

’60S
Agreements 
narked jj 
by ”X"

Hb. 15 X P.I. 4

Red Cell 12 Different
Co un t. ial 1V.C.C 15 X
Total PlateletWCC. 12 Count 12
Kaena-
tocrit. 0

K.C.V. 3
W r\ Tfi'* # o # r* * 2
N.C.K.C. 4
L.S.R. 14 i

V
i

Rzspi--atopy system zxa; :inaticns .

Chest Spiro-
X-Ray. 16 X metry.

7

CARDIOVASCULAR SYSTEM EXAMINATION.

B.P. 15

i

X
n.C.G. 14

i

X



03/3/16
2 61

SURGEONS OVER Till; AGE OF 50 - YES.

T A 3 L e.
1

C . S. F. ANALYSIS.

I Type of No. of Drs 6o% Type of No. of Drsi8Cd
| Test. requesting Agreement Test * requesting j Agreement

Test* marked by Test. reared by!
i "X". "X”.

; Glucose. 5 Cl. 4
i

i
. Protein. 5 Lange. 3

FASCES ANALYSIS.

1 Occult Faecal
■ Blood. 15 X Fat (g 0

days).

ii
b a.. s.-Ow r x r.bi .

.
L. J. Cells* 5 Blood 15 XGroup*
Cervical 12
Smear*

Latex 3 Rh Factory 14 XTest*

GASTRO INTESTINAL SYSTEM EXAMINATION.- —--
iSirmoidos- j
'cosy if 12jover ^0
|years. , • *•
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biiiGLONS 0V1R GO - GO.
f\o r- Those Doctors not in favour of an

1 T A B L IT 20
| N = 8

BI0CH2NICAL A'iALYSES.

Ad mi s si on
——-- *---——y
P ref i 1 e

il; U 4 • Ai i r\/ O TLO «

Type of No. of Drs .80;^ Type of j«o. of Dr.sI 80/v
Test requesting /vgreei'ient Test „ requesting agreement

Test. marked by Test. marked by
"X". 11V11

6a 6 X Bilirubin •7 y

K, 7 X S.G.O.T. 6 X

Ci 6 X S.G.P.T. 2

HCG3 6 X L.D.H. 2

3.U.N. 6 X C.P.K. 1

Great. 1 Thymol
Turb. 3

r . 1
BN30 Turb4 2

Uric Acid. 0 X
Ghole-

3.G. 1 sterol 5
BarbitoneCa. 6 X

1 r 1 Hapto-
^ • r-- * 1 globin -
Amylase. 7 X Scbumm* s

Test -
All-: Ihos. 0 X

Br. 1
/vi. 0. 7 X

?e 1
Glob 6 \r

I.B.C. _
focal Trot- 0 X
eir. P • B. 1. 3

i Acid Phos 4
Van aen Ter5 3 3.3.P. -



TABLE 20
Ca/3/ Page 117* 

263
SERGEONX OVER 50 - NO.

Type of 
Test.

No. of Drs 
requesting 
Test.

$0%
agreement 
marked by 
"X".

Tyne of 
Test.

No. of 
Drs. re
questing 
Test.

* ----- , „„
\&Or/o Agree- 
| ment rr.r: rk~
\by "X".

- in ■Hnn.n—■ r, - — -----

Ket. Kb. 1

Sulph Kb. -

Aldolase -

Ckolin- i
esterase - i

Ca Oxidase -

Pyruvate - X

Lactate -

Salicylate -

Jarotene -

Cu -

Cortisol -

Cryo-
globulin -

SIA Test - •

Fibrinogen -
Random
BLOOD SUGAI 0 X

G.T.T. 1

,



C3/3/18

SURGLONS CVLR 50 - NO.
1

TAB! I. 2tL

uhixt a?:; LYSIS.

Type cf i.o. 01 Jr 4 Pc/' Type of Ho .of Drs | O 'Oup
Test request- ; Agreement Test. request ing Agre ementq

ing Test. j marked by Test. 1 marked
! ii'.'ii
1 by"X»

Time Hr.
1

5-CIilAA, - i
Kin. —

Vol. 5 Bilirubin 6 X

Na. 1 Urobilin-
ogen. 3

K. 1 Porphy-
ri ns. 3

Cl.
"

Ca* 1 Porpho-
bilinogea 1

Kg. -

F - B. J.Prot. 2

Uric Ac. 1

U.N. 1

Creat. -

Protein. 5

? • 7 X
Glucose. o

X
Cystine. -

17-KS. -

17-OHCS. -

D-XYL03S.
-



C3/3/19
26:)

btivuLUiO OVhR GO - i\0.

T A B Li, 26

▼T « • • m.^T Tf ' >r • T ^
ii f\ku» /A x ^ x^vy Jf I i j.O <

^■Pe
of
Tost.

Mo.of Drs
request
ing Test

13orG
Agreement 
'narked by 
,!X"

Type of 
Test

Mo. of Drs 
requesting 
Test

'OCXS
/otree merit; 
narked 
by "X"

Ho.

|
6 X P.I. 3

; ** * n *■>
-•<e o 11 Different

i
v^G Uli u • 5 ial V.’.C.C 3 X

Total Platelet
TO 7 X Count 5

Hae.ua-
tocrit. 6 X

—- -------- r ■==—--------- __ —=.—

K.C.V. 4

x •
i'« • vx • • 2

.. . 0 . »i» C • 3 i; ; ii

'

V o

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ “
X

(

RESPIRATORY SYSTEM EXAMINATIONS.

Chest Spiro-
X-Ray. 0 X .T.etry. 4

n * OVPV’ -^JxC ¥ / \ vx w ^ ^-X.-.. . Oi>j* » •;v ' >'T>t ‘ TTr?7—4* c.rv• •xOr*l xvii •

3.?.

1

3

i

X 2.C.G. 8

1

V



C3/3/20.

SURGEONS OVIK 50 - NC.

?AB I 28

j Type of 
i Test,

i

No. of Drs 
re ouestin.^ 
Test*

O 0>o
Agreement 
narked by

|Type of 
Test.

No. of Drs 
requesting 
Test.

iSOE 1
Agreement 
mared by 
"X".

"... ’""m
Glucose.

Protein.

3

3

Cl.

Lange*

1

2

;
FASCES ANALYSIS.

!
; Occult
Blood.

!1

3 X
Faecal
Fat (3 
days).

4v

1

GENERAL P ATHCLOGY.

L.J. Cells*

Cervical
Smear*

Latex
Test*

2

6

1

X

Blood
Group*

Rh Factor

■----

8

8

v

X

(

»

GASTRO INTESTINAL SYSTEM EXAMINATION.

Sigmoidos
copy if 
over 40 
years.

7 V

265a



C3/4/1

REGISTRARS & RESIDENTS UNDER THE AGE OF 60 - YES.
v ' = T1 c:: - Doctors in favour of an Admission Profile

? ABLE iSL
K = 84,

sioc• :ical analyses .

(•'■'nr:' ■ * '• '
bZjiWi. Kii:\ LY6S5.

Type of No. of Drs L8c# [Type of No. of Drs 8 OT
Test requesting j Agreement[Test. requesting agreement

Test. marked by j Test. narked by
MX". "X,r

Na 79 X Bilirubin 60 X

K. 00 y S.G.O.T. 60 X

Cl 74 X S.G.P.T. 55

HCOp 72 X L.D.H. 40
•n tt vr» O « tW 77 X C.P.K. 20

Creat. 53 Thymol
Turb. 12

P. 44
ZHSO Turb^ ii

Uric Acid. 63
Chole-

S.G. 26 sterol 69 X
Barbitone 10Ca. 69 X

23
Hapto
globin 1

Amylase. 26 Schumm* s
Test 1

Aik Phos. 77 X 3r. 11
A1D . 79 X Fe 31
Glob 75 y

I.B.C, 22
Total Prot
ein

62 P.3.1. 45ii ,vcid Phos • 34
Van den berg 11 3.S.P. 24 ___ __



TALL); 29
C3/4 / Pace. 2.

267

Rt .01 STRAINS 6 RNSIDNNTS INDiR Tli!! SGI OF 50 - Yl-S

rrt r>Type of
Test.

No. of Drs 
requesting 
Test.

80/j
!Agreement 
marked by
"a”.

Type of 
Test *

Met. Kb. 2

Gulph lib. -

Aldolase 1

G':ol in-
esterase 4

Ca Oxidase 2

iyruvate 4

Lactate 2

Salicylate 6

Carotene -

Cu 2

Cortisol 13

Cryo
globulin 1

SIA Test -

Fibrinogen 9

Random
3L00D SUGAJ 69 X

G.T.T. 23

,

No. of 809: A;Tee- 1 
Drs. re-jment mark- J 
questing j by “X15.
Test •



C3/4/3
260

REGISTRARS 6 RESIDENTS UNDER Till: AGE OF 50 - YES.

E. .... 29

GAINS ANALYSIS.

No. of Or4 30a 
request- ; Agreement 
ing Test. ; marked by

No.of Drs j 8C6oType cf

Bilirubin,

Urobilin
ogen . 
Porphy
rins.

Uric Ac

Great

vstine -



C3/4/4
269

REGISTRARS G RESIDENTS UNDER THE AGE OF 50 - YES.-----------------------------------------------------------x
T A 3 L A. 29 J
------------- |

KAENATCLOGY ANALYSIS. i

Type
of
Test.

No.of Drs 
request
ing Test

8o;S
Agreement 
marked by 
"a”

Type o f 
Test

'No. of Drs 
requesting 
Test

'80g
agreements 
marked jj
by "X" j

Kb. 83 \r P.I. 40

Red Cell
Coant. 31

Different
ial !.v.c.c ■ 76 X

Totalwci; 75 \r
Platelet
Count 56

Ka e ma
te cri t. 60

K.C.V. 25
% r r* » T 10

E.C.n.C. 34
v ^ o 77 X

RESPIRATORY SYSSEN EXA1 ilNATICNS.

Chest
X-Ray.

.... "
Spiro-

81 V metry.

CARDIOVASCULAR SYSTEM RUMINATION.

B.P.
79 X

2.C.G.



C3/4/5
270

ia.GIbTRA.H6 6 KFblDLM'S UMJUi Tiih AGE OF GO - YFS.

T AB I . 29
!

rc questing- Agreement 
Test- narkea by

"X".

requesting
Test

Glucose.

Occult
Blood. Fat (3

GHXBRAL PATHOLOGY

Blood
Group

Cervical

Latex Rh Factor

GASTRO INTHSTIKAL SYSTEM 2XAMIMATI0II

Sigmoidos
copy if 
over AO 
years.



C3/4/6
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REGISTRARS 6 RESIDENTS UN Dili THE AGE OF GO - NO.
No - lliose Doctors not in favour of an Admission Profile

T A B L 1;, 30-
N = 33

BIOCHEMICAL ANALYSES.

SERUM ANALYSES.

Type of
Test

No. of Drs 
requesting 
Test.

,8o-;i
agreement 
marked byii yn

Type of 
Test.

No. of Drs 
requesting 
-esc.

8o;J
.-agreement 
marked by 
"X"

..a 31 X Bilirubin 26 X
K. 33 X S.G.O.T. 20 X
Cl 27 X S.G.P.T. 23
HCO^ 31 V L.D.K. 17
3.U.N. 29 X C.P.K. 5
Great. 19 Thymol 10

Turb.
F. 16

ZNSO Turb,l 7
Uric Acid. 20

Chole-S.G. 11 sterol 27 X
Ca. 29 X

3arbitone 6
y q —" ____ —— Hapto-

globin -
Amylase. 12 Schumra* s 1

Test
Aik Phos. 27 v Br. 9 •1
Alb. 32 V Fe 15
Glob 29 X I.B.C. 5
Total Trot- 20 X
eia F.3.I. 15

ndd Phos • 20Van Yen Berg 0 B.3.P. 7



TALLL 30
C3/<i/Page. ?e

R LG I STRAWS 6 RFSIDKNTS UM)!.R Till; AGP OF 50 - MO.

xjr'F-C U1

•*- V w> V *
!Kg. of Drs 
| requesting 
j Test.

! Qrr'
;Agreement 
marked by

jfypo of
jTest.

No. of 
Drs. re

st i 
Test.

180Agree- 
lment mark- 
| by "X".

Met. Kb.

Sulph Kb.

Aldolase

Cholin-
esterase

Ca Oxidase

Pyruvate

Lactate

Salicylate

Jarotene

Cu

Cortisol

Cryo
globulin

SIA Test

Fibrinogen

Random

BLOOD SUG/J

G.T.T.

2

2

1

3

4

2

30

4

,

x i
; a ■



C 3/4/3
r)70| < J

REGISTRARS 6 RESIDENTS UNDER THE AGE OF 50 - NO.

TABU -.-30

USIN2 ANALYSIS.

Ty^e of No. of Dr4 80f:; Type 0 f No .of Drs ! sc#
Test request- ; Agreement Test. re quest i n g Agree men t:

ing Test. ; marked by Test. > marked
I "X" by"X" j

Tire Hr. 5-OHIAA. 2
Kin. 6

Vol.
i 20 Bilirubin, 14

Na. 6 Urobilin-
ogen. 0

K. 6 Toryby-
rins. 12/*n 2

• 5 Porpho- 2
bilinogen.

Kg. -
P 2 B.J.Prot. 6

Uric Ac. 1

U.N. 2
Creat. 5
Protein. 20 X
tHP • 23
Glucose. 31 X
Cystine. 4

17-KS. 3

17-CHCS. 2

D-XYLOSE. 1
j



C3/4/9 274

REGISTRARS 3 RESIDENTS UNDER THE AGE OF 50 - NO.

Type of[No. of Drs
Test requesting

Different*-Red Cell 
Count.

Platelet
Count

tocrit

v r vli| v o^i

Chest r.etry

CARDIOVASCULAR CYSTIC! HXAEINATIOIf

S.C.G



C3/4/10
21[

REGISTRARS fe RESIDENTS UNDER TUI- AGE OF GO -• NO.

T A 3 L L. ' ?

C. 5. ?. ANALYSIS.

1
1 .... ,, «*. o.
! Test.
1
ii

No. of Its 
requesting 
Test.

jco;i
iAgreement 
.marked by 
,rX,f.

Tvpe of 
Test.

No. of Srs 
requesting 
Test.

f 0 J,^
Agreement, 
cared by 
"X”.

Glucose.

Protein.

!

6

4

Cl.

Lange.

3

5

!

1 FAPOPS ANALYSIS.—----- —.——— ------—

Occult
Blood. 22

Faecal
Fat (3 
days).

6

GENERAL FATHCLCGY.

«. v^ells.

Cervical
Sceer*

Latex
Test*

7

26

8

X

Blood
Group*

Rh Factor

i

30

26

X

X

GASTRO INTESTINAL SYSTEM EXAMINATION.

Sigmoidos
copy if 
over ^rO 
years.

19

i i



C 3/4/11
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REGISTRARS & R} STDHATS OVER 50 - YES.

Yes = Those doctors in favour cf an Admitsion Profile
T A B I. g]

E • 2. a .

BIOCHTEICAL AsALYoFS.

(■' *■it-,* *» • % * t t v.^-v'OiliAU» . /U lAiJj. OfL»D »

Type of So. of Drs l&o;- [Type of -o. of Drs bo;'
Test requesting Agreement Test. requesting Agreement

Test. marked by dost. narked by
MYIIA • "X"

*'£. 2 X Bilirubin 1

K. 2 X S.G.O.T. ^ 2 X

Ci 2 X S.G.P.T. 2 X

•:C03 2 X L.D.H. -

3.U.N. 2 X C.P.K. -

Great. . 2 V Thymol
Turb. I

T • 1
ZNSO Turb * i

Uric Acid. 2 X
Ghole-

o. u . 1 sterol 2 X

Ca.
Barbitone

2 X
Hapto-

KS- globin -
Amylase. I Schumm’s _

Test
Aik Phos. 2 X Br. 1
Alb. 1

Fe 2 X
Glob 1

I.3.C. _

Total Prot
ein

2 X
P.3.1. 2 X

Van den Ber^ I
Acid Phos
3.S.P.

2 X



277
REGISTRARS & Ri.'SIDLNTS 0V1..R GO - YES.

Typo of
Test

|no. of Drs 
i requesting
J Teat.

jso^
!Agreement 
|marked by
"X".

Type of 
Test»

No. of 180r;o Arree- 
Drc. re~|ment mark- 
questing 'by "X".
Test.

_________ ___________

Met. Hb. -
Sulph Hb. -
Aldolase -
Cholin
esterase 1
Ca Cxidase -
Pyruvate 1
Lactate 1
Salicylate -
Jarotene I
Cu -
Cortisol -
Cryo
globulin I

SIA Test 1
Fibrinogen -
Random
BLOOD SUGAR 2 X

G.T.T.

•



C3/4/13
•) 71)i o

REGISTRARS & RESIDENTS OVER 50 - YES.

TAB! S. 3.1

URINE ANALYSIS.

Type of No. of Dri oO% (H•‘•ype of Ho.of Drs 5 o rv-V j
Test request- I Agreement Test. re questing agreement*

ing Test. | marked by Test o marked
"X" by"X"

Time Hr. 
Kin. -

5-0HIAA. -■

Vol. I 3ilirubin 1

Na. - Urobilin
ogen. I

K. Porphy
rins. 1

Cl.

Ca* - Porpho-
bilincgea

Kg.

P - B.J.Prot.
-

Uric Ac. 1

U.N. -

Croat. -

Protein. 2 V

HP • 1
Glucose. 2 V

Cystine. -

17-KS. -

17-CHCS. -

D-XYL0S2.
• j



C3/4/14
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RkGIblRARb & RLblljiAVIS OViJri 50 - YRS.

n • -p r *?A. ft xj «
.H

iln-UiYni ^'1*0v.j X Ai <i 010 «

T

i

Type

Test.

1’o.of Drs 

request- 

1 ing lest

Zo%
Agreement 

marked by 
"a"

Type of 

Test

N’o. of Drs 

requesting 

Test

roO/'
Agreesent 

marked ( 

by “X" ?
J

Hb • 2 X P.I. -

Red Cell Dif f erent.

Count. ] ial W.C.C »

?->T.al Platelet

l.’CG 1 Count 1

Kaerea-

toorit. 1

K.C.V. -

M.C.K. -

-

V \ 0

i__ i

RSSPI.-ATOPY SYSTIT: IX'C'IMATICNS.

Chase
Spiro-

X-Ray. 1 r.etry. 1

CARDIOVASCULAR SYSTEM EXAMINATION.

3.?. E.C.G.
1

i

1

i



03/4/15
200

REGISTRARS 0 RESIDENTS OVER 00 - YES.

| T A 3 L i:__33.
i j

C. 3. F. ANALYSIS.

Type of 
Tost.

No. of Trs 
requesting 
Test.

| On-' j
;Agreement 
marked by 
"X".

Type of 
Test.

No. of Lrs 
requesting 
Test.

P r>'' j
Agreement 
reared by 
,rHn.

| Glucose, 

j Protein. -

!

Cl.

Lange. -

—1 \ ry —> * ^7 . *r yr '■»*'*■'>J? r\Ai<.• \L. I O i.*

Cccult
Bleed. 2 X

Faecal
Fat (3 
days).

-

GENERAL PATHOLOGY.

* L. . oells*

j Cervical 
(Srceer*

,Latex 
iTest*

i

2

i

X

Blood
Group*

Ah Factor

2

2

i

X

V

i
I
1

GASTRO INTESTINAL SY.3TZK EXAMINATION.

Siracides- • 
cosy if | x

■over hO ’
years.

I
L____________ L

.



APPENDIX 5 
Table 32

C3/5/1

201

i H'fSICIANo - UNDER 50 - L\ FAVOUR OF MaLTI-Su? FEEING.

ADDITIONAL, TESTS REQUESTED.
t

0 on er a 1 j
R e 1 a t cd t ? S p ec 5 a 1 i t v i n w h i c h

Physician practices.

1) Flier o- Urine 1)
2) SG Urine 2)
3) Breast X-Rays 3) Eye Tests - Acuity, Glaucoma
4) SG of Urine 4) T- Resin
5) Micro-Urine G Culture 5) Blood Film
G) Blood, Slide, UR 6) BEG, S k u 11 & Wr i st X-R ay s
7) 7) Colecholamines
8) Serum Gxmolality, EPG, Blood 0)

Gases 9)
0) EPG, v:r 10)

10) Micro-Urine, Blood Film 11)
11) Micro-Urine, Blood Film 12)
12) Pulse, Temperature, Weight, 13)

Blood Film, EPG 14)
13) Mantoux, Sputum Smear G Cul- 15)

ture. Blood Gases. 16) Psychometrics
14) Micro-Urine, Culture G Sensi- 17)

tivity, UPG, X-Ray Hands G 18) Bronchial Cytology
Feet, Rose Waller Test, Anti- 19)
Nuclear Factor, Immune Factor. 20) EPG

15) Micro-Urine, WR, Throat Swab 21)
16) 22) Marrow Biop sy
17) Urine Culture G Sensitivity 23) Blood Gases, Radio Nuclids.

WR., Weight.* 24) Bone Marrow, Bleeding Time &
10) Sputum Culture Clotting Time
19) Blood Film 25)
20) 26)
21) WR., Micro-Urine Culture & 27) Skull X-Ray. EUG

Sensitivity, Chromosone Count 20)
22) IgG. IgA. IgM 29) Serum Lipids.
23) 30) EPG
24) EPG, Micro-Urine, Sputum Cul- 31) Blood Gases, IVP

ture, Cytology. 32) Blood Culture, Agglutinins,
25) Blood Film Mycoplasma Antibodies.
26) Micro-Urine 33)
27) Blood Alcohol, Micro-Urine 34)
20) Blood Alcohol 35) Anti-Nuclear Factor
29) Height, Weight, Blood Alcohol, 36)

SG of Urine ! 37) Skull X-Ray, EEG
30) Urine, Temperature, Pulse. 30) EPG
31) Micro Urine 39) Serum Folate and B_n
32) Micro Urine G Culture WR 40) 12
33) Blood Smear. 41) B12

The number in tlie bracket refers to the identification number of the case
in the group. The same number refers to general and special tests.



n /r /') UO/ o/ —
/.FPLNDIX r» (coiitd)

MdskU” 2U2

■ 50 - i,. F:iVw:;,' _____v —___ __ ~ . -k. B.X*..-. .V,. V

I AnniTT ON Af tksts peouf.stfd.
i

Related to Speciality in which
0 en or n 1 physician pr:;ciices.

33) Diood Smear 42) Optic Fundi,
34) Blood Film 43) Sputum Cytology, Culture 1
33) Brine Cytology G Culture Blood Gases
36) X-Ray Renal Areas, CPC, 44)

IVP, Urine Culture 45)
n-y \o ♦ / 46)
36) 47)
39) 46) Blood G a s es, Man t o ux,
40) micro-Urine Sputum Culture
4U 49)
42) Colour of Urine, Colour 50) Serum B12. VJRt BEG.

of Faeces, Reticulocytes, 51) IQ, Serum Phenylolinisine.
EPG o Urinary Ph eny1phyr uvic

43) Blood Film Acid.
44) CPG 52) Phenlyphyruvic Acid,
45) Micro Urine & Culture Urinary Amphetamines.
46). 3G of Urine 53) Serum Ammonia, Abdomen
47) X-Ray.
46) Urine Culture, Blood Cul- 54)

ture T3 Resin
49) CPG, Micro-Urine & Culture

Blood Gases
50)
51) Barium Meal
52) Temperature, Pulse, WR,
53) VJR,
54) Micro-Urine & Culture.

The above requests hav( not been altered in any way.



ALjMRLL-6
J.

C3/6/1
- 203

PHYSICIANS UNDER 50 - NCi IN FAVOUR OF MULT I - SCR LLNING.

ADDITIONAL TESTS REQUESTED.

!

1
~ZJT ' ' '  ! Related to Speciality in which 

Physician Practices.

i) Ml, GET 1)
2) 2) Trigy.lceri des
3) ! 3) WR, S k u 11 X -R a y e X -R a y 

abdomen.
4) 4) T0 Resin# Tests for'Auto 

Antibodies.
5) WR 5)
6) 6) Serum Cjo 3ssay and Fol

ate, X-Ray Abdomen.
7) 7) Blood Gases
0) M i c r 0" Urine & C u 11. ur e 0) X-R a y Skull, Fa r ryo ty pe,
9) 11 eig h t, Weigh t, Fat,Fold, 

Girth.
9)

10) WR 10)
11) Thyroxine 11)

The above requests have not been altered in any way.



APPiTHLIX '? 
tabu; : 4

C3/7/]

284

50 ■ ......... ...........................

additional! TUSTS Rtgljl'.STLD.
________ ! !

General
i Related to Speciality in which

physician practices.

1) Micro-Urine
2) SPG, Total Serum Lipoids* 

Triglycerides.
3) Weight 6 Height.
4) Blood Gases, Micro-Urine G 

Culture.
G) Screening Chest G barium

Swa11ow.

APPEND
TABLE

PHYSICIANS OVER 50 - NC

C3/8/1
rx u .
.3:5

T IN FAVOUR OF MULTI-SCREENING.

ADDITIONAL TESTS RKOULSTED.

General
Related to Speciality in which 

Physician Practices.

1) Body Weight and Height.
2) UR.

The above request have not been altered in any way.



.ON;

APPENDIX .9, 
TABLE 36,

.dlr 50 - in

C3/9/1

285
V»*r A!T» : -» > T| 1 T Tt • /■**** 7 * V ' *• ' T ^ ’
l\k U'w/ii W4 i*»bL JL i. O * J.i *VJ *

AUDITI ONAi, TESTS REQUESTED,

1 Re1 a ted 10 Spec1 ality in whic h
| General surgeon Practices. J

1) Micr0-Urine Sensitivity 1)
2) Gastric Acidity, Lipase 2)

Activity
3) SG of Urine, Serum Thvroxins 3) Ba Meal and follow through
4) m 4) Coagulation Defects
5) V.*R 5) Micro-Urine
6) Weight 6)
7) SG 01 Urine 7)
8) Blood Smear 8)
9) X-Ray of Abdomen 9)

10) Photograph of Relevant Lesion 10)
11) Micro-Urine Culture & Sensi- 11)

tivity
12) Micro-Urine Culture & Sensi- 12)

tivity, X-Ray of Abdomen.
13) 13) Bleeding C Clotting Time
14) 14) Breast, Skin 6 Mouth Exam-

ination.
15) Creatinine Clearance, Micro- 15)

Urine, Sputum Cytdogv, Blood
Gases.

16) Blood Film, EPG, WR 16)
1T) SG of Urine, Blood Gases 17)
18) 18) Urine Cytology, PR.

APPEh '"VcN
“

0rH
'

1

TAB! .L 37.

SURGEONS UNDER 50 - NOT IN FAVOUR OF MULTI-SCREENING.
1) SG of Urine, Bleeding Time 1) X-Ray of Abdomen,

Clotting Time, Reticulocyte
Count, Blood Film

2) Blood Gases 2)
3) 24 Hour Urinary Amalyse 3)
4) Bleeding Time, Clotting Time 4)

Patient’s Weight.
5) Hydatids, WR, Sigmoidoscopy 5)

for all over the age of 20
6) SG of Urine 6)
7) Faeces for Worms & Cysts 7)
8) X-Ray of Abdomen 0)
9) Nose 6 Throat Swab 9)

10) 10) X-Ray Hips and Long Bones.
id 11) LLR, Baciliuria Screening Test

The above requests hr, v o„nQt~h^en~-a4-t-cred..i n ■ any-Tray;-----------
........J lucis uu tiu; iu fllLlIl cat J Uii UUIIUJCI 01 tuC

in the group. 1 he same number refers to general and special tests
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SURGEONS OVER 50 - TN FAVOUR OF AULTT-SCREEN7NG.
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ADDITIONAL TASTS REQUESTED,

......  ~7 ITcIaTeo ic speciality in whicE
General | iiuryeor. Practices.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - -- - - - - 1-

1) 1) X-Ray of Abdomen,
2) 6G of Urine 2) Height, Weight,
3) Liooci Alcohol 3)
4) 4) Blood Volume,

APPEND! 1: T2, C3/12/1
tael. :19

SURGEONS OVER 50:- NOT IN FAVOfe OF MULTI-SCREENING.

1) WR, Nose 6 Throat Swab 1) Blood Alcohol,
Paul Bunnell, Micro-Urine
& Sensitivity, Casoni

2) SG of Urine, FTM 2)

The above requests have ) ot been altered in any way.
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TABldf#).

REGISTRARS 6 RESIDENTS UNDER GO - IN FAVOUR OF MULTI-SCREENING

j ADDITIONAL TESTS REQUESTED.

General

----------------------------------------------  . , -------------
fl ^ I r I .••‘iri "f K\ ?'• •? *» — 4* «, t * *•» /> E

i *» i u i, v G t U Dj X ii W w i i v,L

j Resident practices.

...............

.1) W.R. 1)
2) Examination of Flood Film o \

*- J

3) Micro Urine 6 Sputum Cultures i 3) Blood Gases
4) V.D.R.L., W.R. 4) Vitamin B^* Assay
5) Blood Film Examination 5) Fas ling Serum Total Lipids.
6) Blood Film Examination 6)
7) Bloo d im 1m Exa urination 7)
6) Stools for Ova 0)
9) EPG, Micro-Urine 9) Blood Gases.

10) Blood Film Examination, Micro 10) X-Rays of Hand and Abdomen
Urine, Reticulocyte Count,

11) Micro-Urine 11)
12) Cytology 12)
13) X-Ray of Abdomen 13)
14) WR 14)
15) Micro-Urine 15)
16) NR, Pregnancy Test 16)
17) Weight, Micro-Urine & Culture 17)
13) EPG, WR, 18) EEG
19) Micro-Urine, Blood Film 19) EEG, Echo Encephalogram.
20) Micro-Urine & Culture 20) Mamoqraphy, Cervical Smear
21) Micro-Urine 21)
22) Urinary Eostriols 22)
23) ToResin, EPG, Micro-Urine 23) Visual Acuity with Glasses.
24) Urine Culture & Sensitivity, 24) Serum Pseudo Cholinesterase.

Mantoux Test,
25) VDRL 25)
26) Micro-Urine 26)
27) 27) Guthrie Test, Aminociduria.
23) Tests for Lead 6 Arsenic 28) Urinary Amphetimines, EEG.

Poisoning, WR.
29) 5G Urine 29)
30) WR 30) Serum Bio
31) VDRL 31)
32) 32) X-Ray Skull
33) Schilling Test, Serum Folate 33)

SG Urine
34) Blood Smear, Tg Resin, Retie- 34)

ulocyte Co unt.
35) Blood Smear 35)
36) PR Examinations in Adu11s. 36)
37) 37) Blood Gases, EPG, Blood Lead.
38) Specific Gravity of Urine 33)

The number in the bracket refers to the identification number of the case 
in the group. The same number refers to general and special tests.
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REGISTRARS C RESIDENT : UNDER GO- IN FAY Oil MULTI* . V il.NG.

ADDITIONAL XL STS REQUESTED.
1------- -------- r

U fciii Cl' a .1

39) Micro-Urine, Blood Film* LPG
40) LPG
41) VDRL
42) Vveight, Height
43) Blood Gases
44) Nose Swab, Urine Culture
45) LPG, Urine G Serum Usmoloiity
46) Urine Cytology & Culture
47)
48) Serum 6 Urine Osmolollty
49) WR, Blood Gases,

GO)
51) Weight
52) Blood Film. LPG, Blood Gases
53) WR
54) Micro-Urine & Culture
55) VDRL, Micro-Urine
56) Weight & Height

Related to Speciality in which 
ii e s i d e n t P r a c t i c e s .

39) X-Ray Skull, LUG,
40)
41)
42; LPG, blood Film, Cytology
43)
44)
45)
46)
47) Micro-Urine, LPG
48)
4 9) Ur i n e A mp h et a m i n e: K LG s 

Skull X-Ray
50) LLGC Master's Test,
51)
52)
53)
54)
55)
56) Triglyserides.

The above requests hrve not been altered in any way
-API tf~ND1’. -14 •———TrtPii —~ 41" — 1 1 —TT/T”

REGISTRARS 6 RESIDLNTS 0V1R 50 -

1)
2)

VDRL

The above requests h

IN FAVOUR OF MULTI-SCREENING.

1)
2) LEG

ave not been altered in any way
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TABI : 42,

C3/15/1

2(39

' ... RS G ........ ;DLR 50 - NOT IN FAVOi i MUL: ■ Lb.Nl

ADDITIONAL T! .STS REQUESTED.

j General
Related to Speciality in which

Rcsid cnt Pr actices.

1) Height & Weight i)
2) 2) Cerebral Scan, FUG,
3) 3) Blood Gases
4) Flan Ray of Abdomen 4)
5) Micro Urine, Culture 6 5)

Sensitivity
6) Micro Brine, Culture G 6) Urine Amin o Acid s.

Sensitivity, Mantoux Test.
7) Blood Film {Examination 7) EEG, Psychological Testing.
8) Blood Film examination 0)
9) 9) BEG, Skull X-Rays, Urine

Amphetamine.
10) 10) WR, EEG, PKV, Bone Age By

X-R ay, Fasting B1o od Suqa r.
11) 11) Skull X-Ray, EEG.
12) 12) Blood Gases G Blood Volume
13) 13) Rose-Waller Test.
14) Urine Specific Gravity, 14)

Blood Smear,
15) Urine Specific Gravity 15) FeV, V.C.
16) Fasting Blood Sugar 16) EEG. Skull X-Ray
17) F.D.R.L., Mantoux Test 17)
10) Micro-Urine 10)
19) Micro Urine, Culture t 19)

Sensitivity, BPG
20) Weight, Special Blood Gases, 20)

The above requests have not been altered in any way
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APPLNDIX.-16,

PHYSICIANS UvDlR GO 

IN FAVOUR OF FXIITI-SCRLSNING.

Un solici tcri Comments.

1) our ely not. a Lumber Puncture as a Routine,

2) Only if economically sound,

3) If not too costly to patient, clinical pathology is no substitute 

for history taking and physical examination,

4) Should be limited to less than 40,

5) I must qualify this (answer Yes) the list in part I includes data 

which require the action of the doctor or a part of even the least 

compreiiensive examination and do not qualify for screening (e.g. 

Sigmoidoscopy. D.P.) While examination of CSF as a routine would 

come under the heading of malpractice in my view particularly as

it implied to be data to go to the doctor as lie completes his history and 

examination and therefore not done by him.

Die above have not been altered in any way and represent the views of the

Doctors.
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APPENDIX 17 

PilYoICIANo LNiJUl 50 

NOT IN FAVOUR OF NULTI-SiJlhNMNG.

Un s olio i t ec) C omm en t s.

1) Surely GSF examination will never be a routine admission procedure

2) Fasting blood sugars are more reliable than random blood sugars.

3) I agree in principle in the taking of desirable tests but not to 

routine multi-tests.

I he above have not been altered in any way and represent the view of the

Doctors.
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APPUBBIX. gO

physician.: cvi:; go

IN FAVOUR OF iMT.TI-SCR CITING .

UMsoli citod Comments.

1) I feel that the number could be reduced a little, if used as a 

completely routine screening for every patient admitted (hence 

the absence of sigmoidoscopy - it would be undesirable to symoido- 

scope all cardiac patients). Similarly the following tests may at 

least partially act as screening exclusives for those following 

them in brackets - the latter should only be done if doubt still 

exists - Serum Uric Acid (Urinary ditto) SCOT G LDII (CPK), N11SO4 

Turb (Thymol Turb), Cortisol (Urinary Oil cort.icords), Blood Sugar 

(GTT), Urinary Porphylbilinogen (Porphyrins), LB cells, Hb & FBC 

(iMCV etc).

Certain other tests may well only need to be done in special cir

cumstances and riot completely routinely - e.g. CPU, Cholesterol, 

Bromide, Barbiton, BSP, Cryoglobulin, Fibrinogen, many of the 

Urinary Tests, CSF Tests, Blood Gasses and Sigmoidoscopy - I per

sonally should prefer to select« patients for most of this group. 

In a much less ambitious way, we have had similar discussion in 

Brisbane recently and have had widely varying opinions.

2) An intelligent RfiO.

The above have not been altered in any way and represent the view of the

Doctors.
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APPENDIX.19 

PHYoICIANJ OVUi 50.

NOT IN FAVCl.lv OF NNLTI-SCRENNING.

No unsolicited comments.
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APPENDIX. 2Q.

SJJRGJ a ' jOTE* g 

IN FAVC’3 OF MULTI-SCREENING.
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Unsolicited Comment su

1) T find it very difficult to consider forty seperate investigations 

for a Multi-ocreening test.

2) This depends on cost and a multiple of other factors.

In certain large hospitals and for dubious medical conditions Yes® 

For the common run of Hernias and other clear-cut cases I can’t 

see any point unless the expense was negligible.

3) I do not wish this to be construed tiiat I advocate 40 tests in the 

screen.

4) Information on Age, Hex, Race, Socio-Economic Status, Occupation, 

Current Drugs Taken, Immunization and their status, Allergies de

tected and previous transfusions. Agree not "equal Test" but part 

of screen.

The above have not been altered in any way and represent the view of the 

Doctors.

APPENDIX 21., C3/21/1

S IRQ EON 3 UNDER 30 

NOT IN FAVOUR OF MULTI-SCREENING.

No unsolicited comments.
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APPENDIX 22.

SURGlCGS OVLR 50 

IN FAVOUR OF HU1.II -SCRL2T\ IKG.

Ur. solicit ed Cororccn t s« 

.1) Serum Bull dust*

The above have not been altered in any way and represent the view of the

Doctors.

AFPOM)IXi-^L 03/23/1

SURGhOxS OVUR f.O

NOT m FAVOUR OF .MO LT T - SCR UFN I i\G.

Unsolicited Comments.

1) Routine CSF - Heaven forbid.

2) Means Test.

The above have not been altered in any way and represents the view of

the Doctors.
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APPENDIX.

ry ' lC T ' "O C r n <' ■?Tnrv,T':: I r A
IV .1 uA-S. A » t TV O t. k > ■/ * ;•> > ■> O _V 4 *• '•• •— - 'O

TN FAVOUR PE ' riTT -SCREP^NG.

296

Unsolicltated Comments•

1) Yes - provided cost is cheaper than hospital Specialists5 time 

who,, can be more selective in his choice of investigation.

The above have not been altered in any way and represent the view of 

the Doctors.

APPENDIX, 25. C3/25/1

REGISTRARS 6 RESIDENTS UNDER 50 

NOT IN FAVOUR OF ML’LTI-SCREENING 

Unsolicited Comments.

1) In view of present cost structure and the fact that 20 tests would 

be enough.

2) To list As £ Bs requires knowledge of individual patients.

The above have not been altered in any way and represent the view of

the Doctors.
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CHAPTER 4,

This chapter considers the various implications that selected 

multiple investigations on admission or pre-admission would have had 

if carried out on the series of cases studied. The following points 

are evaluated.

1. What type of patient should have multiple 

investigations on admission or pre-admission?

2. What investigations should be carried out which 

are applicable to Australian conditions?

3. When, where and how are those investigations to 

be carried out?

4. The advantages and disadvantages in patient care 

and if by multi-investigations on admission new 

Or earlier diagnosis is possible.

In considering the above, a series of case histories were studied 

and the results compiled so as to show the following effects which were 

related back to the above:-

(a) The effect of length of stay in hospital of patients.

(b) Staff problems

(c) New equipment

(d) Acceptance by tlie Medical Profession

(e) Possibility of more rapid diagnosis

(f) The use of computers with adequate programming.
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(g) The incidence of undiagnosed disease

(h) Better patient care by improved standardization 

of investigations.

(5) Overall financial review from a hospital and 

patient aspect.
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CASK IIISTCRIKS.

Case Histories.

One hundred consecutive cases, males and females were studied. 

The material needed from the histories were correlated using the foll

owing methods.

1. Conversion Table Appendix I.

2. Tabulation Form. Appendix II

Conversion Tab!e.

This was used to convert all the investigations carried out on the 

patient into a number for easy processing. The Appendix indicates that 

each system was given a group of numbers and the tests : or investigations 

relevant to that system were given a number in that group.

2. Tabulation Form.

This was drawn up to have an easy visual method of seeing the 

various tests used in establishment of diagnosis. The left hand column 

showed Pane , this was the number of the page for that particular case, 

each page had sufficient columns for 10 days.

Crider the page is patient identification number (1 to 100). The 

reason for an identification number was to preserve anonymity of patients 

in the series.

Under this was age, then sex.

The next two squares were for Surgical and Medical Cases, Because 

of difficulties that arose during the series, it was decided not to in

vestigate surgical cases as there arose too many variables.

The next square - total number of days in hospital.

The final square in Column 1 was left blank and was used to note
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the date of discharge.

The second column had Square 1 for diagnosis on admission.

The next space was Final Diagnosis.

Underneath this one, four squares for additional diagnosis:-

D.Ivi. = Day Made. )
) this refers to the

D.C. = Day confirmed. ) diagnosis.

The page then comprised 10 columns representing the first 10 days 

of admission. In these columns tlie converted number of tests was entered 

on the appropriate day.

Page 2 represented days 11-20 etc.

The final column was used for treatment evaluations. This was to 

record on what day after admission the correct treatment was instituted 

for both primary and additional diagnosis. This was not used as the ass

essment would have been a completely subjective evaluation and not one 

which could generally be accepted as valid. This section was not used.

The bottom section in this column was used for additional data 

which would contain any information to help in the project.

Factors!Considered in Determining Test Date.

The day the test was dated and signed as reported on was considered 

the day the test was reported on by the Specialist, back in the ward or 

file, and known to the ward doctor. This is an assumption that had to 

be made. There are obvious fallacies:

(i) The test may have been verbally reported to the 

ward doctor earlier.

(ii) The Specialist doctor may iiave signed the report and
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it may not have been sent immediately to the ward.

(iii) The date on the report as indicated in (ii) may not 

necessarily be the date the report is placed in 

the file, and known to the ward doctor, although

at RGIKC), the report is not placed in the file un

til the ward doctor has sighted it.

(iv) The report may be inadvertently put in the file 

without the ward doctor sighting it.

However, for this exercise, it is considered that the date on,the 

report is the date on which the report is known to the Ward doctor. 

Consecutive Cases

In using 100 cases in this series, the term "Consecutive" must be 

clearly defined; the cases had to be selected on the following conditions, 

otherwise the results would be completely unacceptable.

(i) The case had to have a new provisional diagnosis on admission.

(ii) Re-admissions for the same complaint were not considered, 

i.e. exacerbations of existing conditions were ruled out.

(iii) Cases admitted to surgical wards were not considered.

It is important to realize that these cases did not come through a 

Casualty Department but were all screened by a private Medical Practition

er prior to admission, some also by Specialists at the Out-Patient Depart

ment. The admissions were arranged through an Admissions Officer and as 

well as requiring medical admission there had to be eligibility for ad

mission under the Repatriation Act.

Elicfibilitv for Admission.

Two criteria had to be established.
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1. Eligibility for Admission.

2. Medical necessity for admission.

1. Patients were admitted under the Repatriation Act 1920-1968

whereby "The Repatriation Commission is responsible, subject to the

control of the Minister, for the administration of the Repatriation

Act and associated legislation designed for the cafe and welfare of

ex-servicemen and women andof the dependants of those who died as a
+

result of war service."

Eligibility for Treatment.

Medical treatment is provided for all disabilities which have 

been accepted as related to war service, and, subject to certain limit

ations, for disabilities not accepted for the following classes:

• ex- servicemen and women who have been assessed at the maximum 

general rate (I00°o) or a higher rate;

. Nurses who served in the 1914-10 War;

. Widows and certain dependants of ex-servicemen whose deaths 

have been accepted as related to war service, or who died 

from causes not related to war service but were receiving at 

the time of death the special (T.P.I.) rate or the rate for 

amputation of two or more limbs;

. Service pensioners, including service pensioners of the Boer 

War but not those qualifying solely because of the "tapered" 

means test.

The limitations in treatment for disabilities not related to war 

service are that in-patient treatment is not provided for:

+/ Repatriation Commission Annual Report 1969-1970. P. 5
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. Chronic or incurable diseases requiring in-patient treat

ment for a prolonged period, although in-patient treatment 

for an acute or sub-acute phase of a chronic or incurable 

disease may be provided under certain conditions;

, Infectious or contagious disease where admission to an 

infectious diseases hospital is required by health laws; 

or

. conditions caused by alcoholism or drug addiction

Special provision exists for treatment of ex-servicemen and 

women suffering from pulmonary tuberculosis not accepted as related to 

war service. +

Patients are admitted to Repatriation Institutions under the 

following regulations, which are explained in detail in Appendix 3 

Regulations 64 

Regulations 65 

Regulations 66 

Regulations 72 

Regulations 73.

2. Medical necessity for admission is decided bj the Admitting Med

ical Officer after discussion with the referring Doctor or after receipt 

of a Report requesting admission.

Limiting Factors

The selection of patients admitted under the Repatriation Act 

causes severe limitations on the type of individual in the series. These 

should be considered as representing a select abnormal group of the pop- 

+ Ibid r P. 26 c- ‘
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ulation as shown by the following facts:-

(1) Each individual male had attended at least one World 

War, each female was either a war widow or had attend- 

ed at least one World War. Therefore the people would 

not represent a normal cross-section of the community 

found in the average hospital catering for the adult 

population.

(2) A high majority of the patients had been exposed to a 

period of abnormal conditions of stress and strain, 

diet, living conditions etc, during the period of war.

(3) The high age group of the hospital patients - the 

youngest in the series was 38 years old and the eld

est 84.

(4) The abnormal distribution of males to females. (96-4)

(5) The selection of cases prior to admission by the local 

medical officer or by a specialist.

(6) The length of stay of patients is different from that 

in an acute general hospital as social, political and 

economic considerations are factors.

(7) The total patient care concept is of paramount impor

tance and the patients’ return to the community is 

carefully considered.

Other limiting factors not restricted to the group being selected 

but affecting results are:-

(1) Some additional diagnosis were complicated in diagnosis

+ VJor_«. d War in this context refers to 
as a war aroamrter the Repatriation. any area of conflict as defined 

Act.
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by the underlying condition for Which the patient was 

admitted.

(2) Some conditions occurred whilst the patient was in 

hospital unrelated to the condition for which the 

patient was admitted or perhaps as a complication of 

the condition for which the patient was admitted.

(3) Some conditions would not have been diagnosed by multi- 

screening on admissions.

(4) There is an unknown number of conditions not diagnosed 

in the series because they were not obvious clinically 

- no tests were done that would have discovered their 

existence - This number is unknown.

When is a Diagnosis Confirmed?

The confirmation of a diagnosis is a matter of individual inter

pretation and could represent an area of conflict. However, I consider 

there are two methods by which a diagnosis can be confirmed.

1) A Clinical Diagnosis

This is one in which the doctor has made a diagnosis based on 

symptoms and signs of the particular condition from which he considers 

the patient is suffering. It is a clinical diagnosis,which is considered 

a confirmed diagnosis, when the Clinician states the patient is suffering 

from a specific disease, irrespective of whether it has been, or could 

be, confirmed by a tests. The majority of cases in which a clinical 

diagnosis is made are those where a test is not necessary as the con

dition is considered clinically obvious or one in which tests may not 

confirm or in which there are not applicable tests.
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2. A "Mechanical" Diagnosis

This is a diagnosis which can only be confirmed by scientific

tests.

Examples of the above are that a diagnosis of dermatitis needs 

no tests for its establishment whilst that of a Duodenal Ulcer can 

usually only be demonstrated by a Barium Meal or Gastric Camera.

One of the purposes of this study is to establish if by multiple 

investigations on admission new or earlier diagnoses in each particular 

case investigated could have been made. The average time from the 

date of admission to the confirmation of the diagnosis was established 

in the series. However, as discussed, when considering the problem of 

when a diagnosis is confirmed can be a matter of interpretation.

The confirmation of a diagnosis by tests, as previously stated, 

is taken as the date appearing on the test result in the patient*s file 

but it may not necessarily be the date when the result is known to the 

Ward Doctor. The confirmation of a diagnosis by clinical means is 

when the specialist has confirmed the diagnosis in the file based on 

his interpretation of the patient’s symptoms, signs and his own physical 

exarni nation.

Possibility of Earlier Diagnosis and Days That May Have Been Saved 
Bv Multi Screening on Admission

Table 42 shows that of the 40 cases not diagnosed on Day 1, using

the criteria laid down for multi-screening*• in this series then 19 of

the cases could have been diagnosed on Day 1. This indicates that it

is possible and probable that a more rapid diagnosis could have been made

+ The Multi-Screening Test Batteries considered for the studied series 
is set out on P. as an Appendix Eo. 4 to this chapter
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TABLE 43,
Till- 40 CASES NOT DIAGNOSED ON DAY 1.
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TAB LB 42 (contd.)
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TABU: 42(contd.)
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in 48/o of cases not diagnosed within 24 hours of admission.

The specific investigation which could have been used in consid

ering the method of confirmation of the diagnosis is shown in Table'll 

In these cases this test would have been performed as part of the Multi

screening on admission and the report immediately available. This 

represents that there is a potential saving of 54 days using the criteria 

for a "mechanical" diagnosis as previously defined. This can be inter

preted in two ways:

1. That 54 hospital days mir<ght not have elapsed between ad

mission and confirmation of diagnosis if Multi-screening 

had been carried out. or

2. 54 actual hospital days may have been saved.

Patient care is one of the factors to be considered in this study 

and the earlier a diagnosis is confirmed the better the standard of 

patient care. Because of the difficulty of evaluation of treatment that 

involve personal interpretation and an assessment that could vary with 

each investigator the section on evaluation of treatment was discarded.

In consideration of this the number of days taken from the date of ad

mission to the date of confirmation of diagnosis was considered to be 

the number of hospital days that may have been saved in the considered 

cases not diagnosed on day 1.

Table42 which considered the 40 cases in the series riot diagnosed

on Day 1 indicates that the confirmation of diagnosis took on an average

of 6.1 days. The average time taken to diagnose all cases was 3.5 days* 
(in the series of 100 selected cases)
Additional Diagnoses

Table 44 shews that 1 in every 4 cases had an additional diaSnosis.
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TADLE 43.
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TABU- 44,

ADDITIONAL DIAGNOSIS

Disease. Days on which 
Diagnosis
Made.

Diagnosis 
Confirmed.

Possible Day when 
Diagnosis could 
have been confirm
ed .

Chronic Obstructive Airways 
Disc- se.

3rd 3rd 1st

Carcinoma of Oesophagus. 31st 36th 3oth

Diabetes. 7th 9th 1st

Anxiety ot'\te. 9th 9th 9th
Pulmonary Smbolism. 1 1 1

Pleural Effusion. 1 1 1

lout. l4 17 1

Prostatitis. 3 3 3
Diabetes. 3 6 1

anxiety State. 1 1 1

Urinary Tract Infection. 7 7 7
Chronic Obstructive Airways
Disease.

2 5 1

Anaemia. 1 5 1

Pulmonsrv Embolism. 33 33 33

Diabetes. 11 13 1

Pneumothorax. 5 3 5
hiatus Hernia. 2 6 6

i.vocardial Infarction. 14 14 14

Cirrhosis of Liver. 1 2 1

Right Inguinal ^ernia. 1 1 1

Carcinoma of Prostate. 30 30 1

Spondylitis. 17 30 30

Diabetes. 3 3 1

Cerebro Vascular Accident. 17 17 17

Chronic Obstructive Lurg 
Disease.

1 1

. ? _J
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TADLK 44.

ADDITIONAL JI./ •!:CCIS.

Disease -
•

Days on which 
Diagnosis
Made.

Diagnosis
Confirmed.

' "'
Possible Day when
Dia gnosis cou1d 
have been confirmed

Prostatitis 1 1 1

The above shows that 2c additional diagnoses were made on the 100 cases 
surveyed.
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as well as the primary one. In some cases the additional diagnosis was 

a complication of the original diagnosis or a new medical condition 

which developed whilst the patient was in hospital. One diagnosis that 

of an inguinal hernia, was an incidental one and only medical in the 

broadest sense.

Of tiie additional diagnosis 10 could have been diagnosed on ad

mission by Multi-screening.

Additional Diagnosis that could have been found on multi-screen- 

in on Admission.
TABLL 45

Multi-screenina on Admission No

2

Met. hod,

Chronic Obstructive Airways Disease Chest X-ray

Diabetes 4 Biochemical
Test

Carcinoma of Prostate 1 Biochemical
Test

Anaemia 1 Haematology

Gout 1 Biochemical
Test

Cirrhosis of Liver 1 Biochemical
10. Test.

The following table shows the number of days it took confirm 

the additional diagnosis.
TABLL 46.

Chronic Obstructive Airways Disease 3

M M II It o

Diabetes 9

6

" 13

3
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Gout 17

Cirrhosis of Liver 2

Anaemia 5

Carcinoma of Prostate 30

93 Days

The average length of time to confirm an additional diagnosis was 

9.3 days on those cases in which the diagnosis may have been confirmed 

by Multi-Screening on admission. A limiting factor must be that it is 

unknown to what extent the additional diagnosis affected the length of 

stay of a patient because of the primary diagnosis, for in all of these 

cases the primary condition for which the patient was admitted was con

firmed.

For the purpose of this project. I will assume that if Multi

screening had been carried out on admission then 1QX of cases admitted 

would have had an additional diagnosis established on admission as a 

result of 1 in 10 having an abnormal finding. If additional tests had 

been done on other cases the number of other additional diagnosis that 

may have been made is completely unknown.

In consideration of the above the following can be considered 

possible - that in the 100 cases studied. 93 hospital days could have 

been saved if each additional diagnosis was considered to have prolonged 

the patients length of stay, by the time it took to confirm the addit

ional diagnosis. The 93 davs must be considered a hvnot.hetical figure. 

The cases considered in determining this figure are listed in Table4C. 

which indicates what method of investigation included in the recommended
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Admission profile may have and probably would have discovered the 

additional diagnosis on Day 1. The other sixteen diagnosis not included 

would probably not have been confirmed earlier by this method.

In my opinion the above hypothesis has not been substantiated 

but it can be considered that by Multi-Screening a notential of 93 hos

pital days per 100 admissions could be saved.

Potential Hospital Davs Which May Be Saved.

Additional Diagnosis 93 Days.

Primary Diagnosis 54 Davs.

147 Days.

This would represent a potential saving of 147 patient hospital 

days per 100 admissions on the criteria used. This figure is hypothetical 

and based on various assumptions that have been considered. Nevertheless 

it is valid enough to indicate the trend and potential in hospital days 

that may be saved.

Possible Savings and Improvements in Patient Care Through the Use of 

Multiple-Screening on Admission.

A. Primary Diagnosis,

As shown in Table 47r 9,679 admissions occurred in 12 months - 

1969/1970. Assuming that 54 days per 100 admissions (selected in the 

studied series) could be saved by multi-screening then 96.0 x 54 days 

could represent the potential number of days that may have been saved 

this equals 5,200.

This relates only to the primary diagnosis and is based on the 

assumption that earlier or more rapid diagnosis would have in fact led 

to an earlier discharge. However this would probably be effected by 

+ See Table 47/Chapter 4/ Appendix 5.
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an additional diagnosis.

The mean length of stay in general medical beds was 22.9 days 

and using the above figure as the possible number of days saved then an 

extra 227 patients (5200/22.9 =227) could have been admitted over the 

1969/1970 period. This represents an extra 0.6 (227/365) patients per day.

The net cost of an inpatient day was f25.39c. Therefore (132,000 

(5200 x (25.39) would possibly have been saved on inpatient days.

B. Additional Piannosis.

Using the hypothesis that 93 hospital days per 100 admissions 

(selected in the studied series) could be saved by multi-screening on 

admission, then 96.0 x 93 days could represent the potential number of 

days that may have been saved. This equals, 9,000.

As considered above, this related only to the additional diagno

sis and represents an extra 393 (9,000/22.9) patients which could have 

been admitted over the 1969/1970 period or an extra 1.1 patients per day. 

(393/365 = 1.1).

Financially, the net cost on inpatient's days which may have 

been saved was a total of (220,500 (9,000 x (25.39).

C. Combined Primary and Additional Diagnosis Savings.

The following figures represent the possible savings resulting 

from a combination of the above A and B.

Total Potential Hospital Days Saving per 100 Admissions = 147.

Total number of extra patients per day which may have been admitted =1.7 

(1.1 + 0.6 = 1.7)

Total number of patient hospital days saved = 14,200 (9,000 + 5,200)

Total Saving on inpatient days = (360,500.

The number of cases not diagnosed on Day 1, which, if Multi- 
screening could have bee11 used would have been reduced from 40 cases to_______ _



324

21 cases. This represents 19 cases or 48^ in which the diagnosis was 

not confirmed on the first day of admission but which may have been 

if Multi-screening had been used. These cases took cn an average of 

3 days to diagnose and represent a waste of 2 days in the confirmation 

of a diagnosis and possible reduction of standard of patient care.

There is no doubt that Multi-screening must provide better 

patient care by establishing the confirmation of the primary diagnosis 

in some cases at an earlier date. Also, as previously recorded, of 

the 26 additional diagnosis 10 could have been established on admission. , 

Not only does this represent a potential saving of 9.3 patient days in 

these cases but a great benefit in patient care by their early diagnosis.^
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DISCUSSION.

1) Dffect on Length of Stay,

If the proposed scheme using Multi-screening on admissions or pre

admissions to the hospital studied had been used during 1969/1970 than 

a possible 14,200 bed days could have been saved, which is equal to 

approximately a saving of 1.7 days per admission.

2) Staff Problems,

In considering staff problems there are 2 major aspects.

a) Acceptance.

b) Expertise and its availability,

a) Acceptance.

One of the problems in this area is the fe3r of computerization 

and automation. This has been a world-wide problem based mainly on job 

insecurity. However it is becoming increasingly obvious in a society 

such as exists in Australia that an employed individual is merely trans

ferred from one position to another, there is no real threat of unemploy

ment. In the recent introduction of computerization and automation in 

the Pathology Department at the Repatriation General Hospital, Concord 

there is no indication of a decrease in staffing. The overseas litera

ture regarding staff saving lias not, as yetc been proven valid with the
-j-

introduction of ADP in this area (Personal communication, 1970 )

+From a recent communication it appears that it may be necessary to in
crease the Pathology staff at RGIi(C). This could be partly due to auto
mation, new equipment and increasing scope of tests performed. The 
statement in Chapter 5, which considers that there would be a staff saving 
by introducing ADP can be questioned. Dr* Constance RGII (C).
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b) Expertise

The introduction of Multi-screening has called for greater ex

pertise in the use of wore sophisticated and intricate automated machin

ery. This has opened a new field in which our already highly trained
+

technicians have had to develop new talents, undergo new training schemes, 

and instead of becoming mere automated mechanics have had to develop more 

understanding and acquire greater knowledge to deal with the more compli

cated electrical and electronic problems. In this area there is a 

definite shortage of skilled labour which has the potential to Lie trained- 

in this field.

3) New Equipment

Progress cannot be made without the necessary equipment. This 

has been discussed in some detail in Chapter 2. Considerable capital 

expenditure will have to be invested in computers 3nd automatedequipment. 

It is unfortunate that one must talk in millions of dollars in entering 

this field. Maintenance is also a financial factor which has to be 

considered.

4c Acceptance bv the Medical Profession.

The medical profession is still in a large percentage of cases 

(20e> according to my questionnaire) in considerable doubts regarding the 

value of multi-screening on admission to hospital. If there is any doubt 

it must surely be one of their own ability to rely on their clinical 

judgement when proven wrong by laboratory or other tests. Tests are 

merely aids to establish a diagnosis - they are not meant to be diagnos

tic in themselves. The Physician’s acumen should not be impaired but

+ TJlatTR(fHC(?)C.ianS referred to are those employed in Pathology Laboratoryrs
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improved by having more information available on which to establish a 

firm diagnosis on admission. From the Survey it is clearly shown that 

of the cases not diagnosed on the first day of admission,48% would have 

been if multi-screening had been used on admission* Similarly of the 

additional diagnosis discovered in 1 in 4 cases during their stay in 

hospital 40^, of these would have been discovered on the first day of 

admission (10 out of 26) by using the proposed scheme.

5) Possibility of a More Rapid Diagnosis

There is no doubt that this is a fact. In certain cases the 

primary diagnosis will be established earlier by multi-screening. This 

is especially related to those diseases which are associated with ab

normal pathological findings, Electrocardiographs or Chest X-rays.

6) The Use of Computers with Adequate Programming.

For Multi-screening on admission to be adequately carried out a 

computer is essential. This is because of the volume of work to be 

handled, the number of calculations, the storage of results, the, dis

tribution of results and the presentation of results. Without computers * 

the implementation of such a scheme would be impracticable.

7) The Incidence of Undiagnosed Disease.

Although the study carried out does not help to establish the 

incidence of undiagnosed disease it does show that additional diagnosis 

would have been made earlier in 1 in 10 cases by multiple screening on 

admission. There is no doubt that abnormal tests would result from 

multiple screening in an unknown percentage of cases (as shown in Chapter 

l) but whether these would indicate disease would have to be assessed in

the individual case.
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8) Better Patient Care by Ireproved Stand^rdization on Investipation3

Standardization on investigations is an important caspect of

patient care. If procedures are standardized throughout hospitals in 

different areas the result of tests would be more meaningful and the 

transfer of patient records from one area to another would have greater 

value.

9) Overall Financial he vie’.v.

Capital cost and maintenance would increase and from the limited 

survey carried out this would not be offset financially by savings in 

other areas. Staff would increase and although the cost per unit service 

may decrease the total number of services v/ould increase. The end 

result would be an increase in the net cost per day for each patient, but 

the overall cost per patient/day may decrease due to the saving of up to 

1.7 idays per patient in length of stay. Th- series shows an average of 

29 tests per patient whilst with multi-screening on admission the number 

of tests performed would be closer to on Day ] alone.

10) Medical Standards.

The only way medical standards can be maintained is by automation 

in conjunction with Multi-screening on admissions. This is based on the 

fact that there is an increased quantity of medical care to be provided

associated with an increase in the number of people to whom it is to be

provided for.

CONCLUSIONS.

In consideration of all the above facts and the material presented 

in the survey in this chapter and the information in previous chapter
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the following points are presented for consideration.

1) What type of patient should have multiple investigations on 

admission or pre-admission? Although the study has been limited to 

medical cases only there is no reason why surgical cases can not also 

be incorporated:

a) All planned admissions - either medical or surgical.

b) All non-urgent admissions.

c) All admissiom whose condition is such that a delay in 

the admission centre would not jeopordise their welfare.

d) Children have not been considered in this series and 

represent a select group in which limited Multi-screening 

on admission would only be applicable.

2) What investigations should be carried out on admission or pre-
-f-

admission? This has been covered by Table 47A . A complete coverage 

of what the various groups of Australian Doctors consider should be 

done is covered in Chapter 3. Their ideas have been correlated into what 

I consider a reasonable series and is the one which is presented in the 

above Table.

3) When ? - The tests may be carried out on either of 2 occasions.

1) Pre-admission - these should be performed within 2 weeks 

of a planned admission. If they are carried out earlier 

they are not acceptable in some medical disciplines e.g. 

Anaesthetics. The same battery of tests is used as in 

the admission profile.

2) Admission - these are performed when cases are admitted to 

hospital either planned where it lias been impracticable to

+ See Appendix 4



perform them at an earlier date or on unplanned ad

missions if their medical condition enable them to be 

carried out safely.

Where?- These are best performed in a hospital-based centre, the 

reason is to prevent duplication of equipment and because of the lack 

of availability of technical staff. Centralization of the Multi-screen

ing area is essential; however, the equipment does not have to be in 

the immediate area. E.G. the computer may be situated elsewhere but 

the automated pathology section should be in the immediate vicinity.

How? - this represents the manner in which the work flows in a 

logical sequence through the admission area. This necessitates having 

the area available and the people available in the area to perform the 

tests. Adequate distribution of samples from the area to the laboratory 

and adequate linkage of equipment with computers is essential. Patient 

identification must be carefully examined and the methods of communicat

ing the results to the wards adequate.

Patient Care

Advantages to patient care are the most important findings that 

have been shown in these investigations. This is exemplified by the 

following;

1) The more rapid diagnosis of disease.

2) The possible discovery of pre-symptomatic disease (e.g. 4 

cases of Diabetes)

3) The discovery of additional diagnosis at an earlier date 

which may have seriously affected the course of the primary

condition.
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4) The possible earlier institution of correct treatment.

5) The saving in number of patient days in hospital per case.

6) As a result of 5)more cases can be admitted as the pot

ential turn-over is greater.

7) Patient diagnosis would become more orientated towards 

preventive medicine rather than being purely based on 

curative medicine.

8) By using computers and automated machinery there is a less 

likelihood of human error.

9) As a result of 8)there would be better standardization of 

tests and their interpretation and this would allow for 

better inter-hospital comparisons.

10) The unit cost per test would decrease. However the overall

effect on the cost per patient day lias not been clearly

evaluated but it is possible that this may increase.

The disadvantage in patient care is the possibility and fear of 

loss of doctor-patient relationship with some dehumanization of patient 

care. This is a reality as Doctors are becoming more disease orientated

and less patient orientated. There is. in my opinion, a tendency to

rely on tests and not medical acumen. So long as doctors do not rely 

on an admission profile to diagnose disease but merely use the profile 

as an adjunct to confirm their clinical diagnosis patient care can only 

benefit. Tests are not diagnostic in themselves but merely confirm a 

medical diagnosis or help in the establishment of it.
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APPENDIX 1

TEST CODE GENERAL PATHOLOGY

Tvne of Test
Haemoglobin

Number
001

Red Cell Count 002

White Cell Count 003

Differential White Cell Count 004

Mean Corpuscular Haemoglobin 005

Mean Corpuscular Haemoglobin Concentration 006

Mean Corpuscular Volume 007

Platelet Count 000

Blood Group G Rh Factor 009

Blood Uric Acid Oil

P.C.V. Packed Cell Volume 012

Urea 013

Sodium 014

Potassium 015

Chloride 016

Carbon Dioxide 017

Erythrocyte Sedimentation Rate 010

Serum Protein 019

B i 1 i r ub i n 020

Alkaline Phosphase 021

S.G.O.T. ' • • 022

Specific Gravity 023

Calcium 024
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APPENDIX 1 (contd)

Type of Test Number

Phosphate 02G

Oxygen Saturations 026

p02 027

Actual pH. 028

Actual CO 029

Prothrombin Index 030

Hematocrit 031

Glucose Tolerance Test 032

Creatinine 033

Urinary Porphyrins 034

Sputum - Smear 035

Culture 036

Fungus Culture 037

Carcinoma Cells 038

A.F.B. Culture 039

Urine _ Microurine 040

Culture 041

Random Blood Sugar 042

P.T.T. K. 043

P.L.T. 044

Calci uni 045

Phosphate 046

Urinary Calcium 047

B. i ^ t 048



J?33
C4/1/3

APPENDIX 1 ( Contd.)

Type of Test. NuTiber

Blood Cholesterol 0 49

Glucose 050

Amylase 051

Total Protein 052

Iron 053

T.I.B.C. 054

F.T.M. 055

Gastric Cytology 056

Diagnostic Blue Test 057

Acid Phophatase • 058

P.B.I. Protein Bound Iodine 059

T. Resin Uptake 060

Anti Strep. 0. Titre 061

Latex Test 062

C.S.F. W.R. 063

Blood W.R. 064

C.S.F. V D L 065

Blood V D L 066

Blook Cline 067

C.S.F. L’xaminationGCulture 068

Saturation 069

Urinary Porphyrins 070

Urinary Porphobilinogen 071
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APPENDIX 1 (contd)

Type of Test Number

B. L.T. 072

L.D.H. 073

C. S.F. Protein 074

C.S.F. Chlotride 075

C.S.F. Glucose 076

Urinary Urobilinogen 071

Uric Acid 078

Direct Couinbs 079

Sucrose Test 080

Swab Culture 081

Reticulocytes 002

Schums Test 083

Hams Test 084

C*P* U. 005

Aldalose 086

Lange's Curve 087

Muscle Biopsy 088

Serum B 12 Assay 089

Bone Marrow 090

Red Cell Mass 091

Histology of Duodenum 092

Bronchial Biopsy 093

Ca Cells in Urine 094
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APPENDIX I (Contd)

Type of Test Number

Renal Biopsy 095

Frozen Section 096

Faecal Fats 097

Prostate Pathology (liistology) 098

Liver Biopsy 099

General Histopathology 100

Blood Culture < 100 (?)

Bone Marrow A.F,B. 100 (b)

Serum Folate Assay 100 (c)



C4/1/6

APPENDIX 1 (ComUl)

TEST CODE X-RAY

Tvne of Test - X-RAY Number

Chest 101

Gastrograf f i n 102

Lumbar Spine 103

I.V.P.
r»

104

Ba Meal 105

Hands 106

Feet 107

Hi ps 100

Shoulders 109

Abdomen 110

Graham’s Test 111

Gastric Camera 112

Skull 113

T-Tube Cholangiogram 114

Pelvis 115

F eumr 116

Cervical Spine 117

Cerebral Angiogram 110

Knees 119

Thoracic Spine 120

Legs 121

Ba Swallow 122
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APPENDIX 1 (contd)

Type of Test 

My el of] ram 

Barium Enema

Number

323

124
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APPENDIX 1 (contd)

TEST CODE CARDIO VASCULAR SYSTEM

Type of Test Number

E.C.G. 201

F.E.V.

RESPIRATORY SYSTEM

301

V.C. 302

Fe Vj[ 303

v.v. 304

Tuberculin Test 305

M.V.T. 306

Ratio. PEV/IC/VC 307

O2 Sat 300

P°2 309

Actual Ph 310

Actual p CO^ 311

Base Excess 312

Bronchoscopy 313

URINARY SYSTEM

Cystoscopy 401

ALIMENTARY SYSTEM

Gastroscopy 451

Oesophagoscopy 476

Sigmoidoscopy 475
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APPENDIX I (contd.)

CEREBRAL INVESTIGATIONS.

Tvpe of Test Number

E.E.G. 501

SCANS

Drain 550

Liver 551

Lungs 552

Renal 553
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AFPCNPIX 3.

I'iFDIC/iL TAbA?] 'fA? AND SU .T.fJAnCF.

64. A Deputy Commissioner may, subject to such conditions as the 

Commission from time to time determines, provide medical treatment for 

a member in respect of an incapacity due to war service.

65. A Deputy Commissioner may, subject to such conditions as the 

Commission from time to time determines, provide medical treatment for 

a member who is suffering from:-

(a) pulmonary tuberculosis; or

(b) veneral disease contracted during his v/ar service

66. 1, Subject to the succeeding provisions of this regulation

and to such conditions as the Commission determines, a 

Deputy Commissioner may provide medical treatment in 

respect of a disease or disabling condition that is not 

due to war service for: -

(a) a member who is receiving

(j) a general rate of v/ar pension upon total incap

acity under the first Schedule to the Act;

(ii) a rate of war pension under the Second 

Schedule to the net; or 

(iii) a service pension;

(b) a person to whom paragraph (b) or paragraph (d) of 

sub-section (2) of section 108 of the Act applies; or

(c) a person, being a person to whom section 120 of the 

Act applies, who is receiving a service pension.
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2. A member who, but fcr the operation of

(a) section 4 3 of the Act;

(b) paragraph (c) of the proviso to sub-section (l.) 

of section 24 of the Act;

(c) paragraph (c) of the proviso to sub-section (l.) 

of section 101 of the Act; or

(d) sub-section (6.) of section 107c of the Act.

would have been entitled to a rate of war pension specified in 

the last preceding sub-regulation shall, for the purpose of 

this regulation, be deemed to be in receipt of a rate of war 

pension specified in the last preceding sub-regulation.

3. A member is not eligible for medical treatment under sub

regulation (l) of this regulation at the expense of the 

Department if the disease or disabling condition is:~

(a) an infectious or contagious disease;

(b) a chronic or incurable dis'-ase requiring treatment in an 

institution for a prolonged period;

(c) a condition caused by alcoholism or addiction to drugs; or

(d) a dis ase or disabling condition in respect of which the 

member:-

(i) is eligible unde’- a law of the Commonwealth or of a 

otate or Territory of the Commonwealth for medical 

treatment at the expense of his employer;

(ii) is entitled to medical treatment under a scheme of

contract medical attention; or
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APPENDIX 3 (contd)

(iii) has recovered or received or is entitled to recover 

or receive, the cost of medical treatment by way of 

damages or compensation from another person.

4. .here : -

(a) medical treatment in respect of a disease or disabling 

condition that is not due to war service is provided for

a member who is not eligible for such medical treatment at 

the expense of the Department; or

(b) the Commission considers that the circumstances are such

that the expense of medical treatment provided for a

member under sub-regulation (3.) of this regulation should

not be borne by the Department, 

the amount of the expense of the medical treatment shall, if 

the Commission so directs, be deemed to be an amount supplied 

to the member by way of loan and thereupon that amount is 

repayable to the Department in a lump sum or in such instal

ments as the Commission, in its discretion determines.

5. A reference to a member in the last two preceding sub-regul

ation shall be read as including a reference to a person 

specified in paragraph (b) or paragraph (c) of sub-regulation 

(l) of this regulation.

1. A Deputy Commissioner may, subject to such conditions as 

the Commission from time to time determines, arrange for investi

gation to be carried out in connection with:-
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APPl.MDIX 3 (contd,)

(a) a claim by a member that he is suffering incapacity 

due to war service; or

(b) pension in respect of a member.

2. Shere, by reason of any such investigation or any treatment 

found necessary or expedient in connection therewith, the member 

is prevented from following his usual occupation and is not engaged 

in any other remunerative occupation, a Deputy Commissioner may, 

subject to the next succeeding sub-regulation and to the directions 

of the Commission grant to the member sustenance allowance in 

accordance with the scale specified in sub-regulation (l) of 

Regulation 71 of the e Regulations.

3* Sustenance allowance under the last preceding sub-regulation 

shall cease to be payable upon the day immediately following the 

date of determination by a Board of the matter that necessitated 

the investigation.

1. Subject to such conditions as the Commission determines, a 

Deputy Commissioner may provide medical treatment for widows and 

children of deceased members and for widowed mothers and widowed 

stepmothers of deceased unmarried members.

2. In this regulation "chilrlren" includes any persons who are in 

receipt of pensions under sub-section (4) of section 39 of the
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APPENDIX 4,

ADMISSION OX PPE-ADMIoCICN PROFILE.

After dissecting the questionnaire in Chapter 3 and considering 

the admission profiles in overseas hospitals and reviewing what is
*

reasonable and practicable in large Australian Metropolitan Hospitals 

at the ^resent time I consider that the tests on admission or pre

admission as shown in the following Appendix should be implemented.

The implementation of these procedures would involve consider

able capital investment in equipment and re-education of medical and 

technical staff as well as availability of space.

Any General Hospital over 500 beds. At present shared hospital

facilities are not considered in the Australian situation.
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APPENDIX A (Contd.)
TABLE 47A

______________ ADLISDIQN'uT'PPPTTPDLIBEICN vBOFILE

Pathology Investigations.

Biochemical 3attery using SNA 12/oQ 

Na 

K 

Cl

IICO3
Urea

Glucose

Total Protein

Albumen

Bilirubin

S.A.P

Cholesterol

Uric Acid.

Using Single Channel Technicon.

S.G.O.T.
or

Zygmat for Enzymes.

L.D.H.
C.P.K

S.G.O.T.

Aldolase,

S.G.P.T.

A single Channel Technicon 
may be used for doing an 
S.G.O.T. Test which is an 
Enzyme Test. However a 
Zygmat Machine does a series 
of Enzyme Tests on the one 
blood specimen as a single 
procedure of which the 
S.G.O.T. is one. Some Hos
pitals may prefer to do 
the Enzyme Battery rather 
than a single Enzyme Test 
for approximately the same 
price. Medically there is 
probably greater clinical 
value in the results from 
the Zygmat,
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APPENDIX 4 (contd).

TABLE 47A.

Haematology battery Using a Coulter a> or 7A.

lib •

Haematocrit

HIGH Concentration

RCC

WCC

MCI1

MCV

Automated Blood Typing.

Blood Group 

Rh Factor

Urine Analysis

Albumin 

Sugar.

Respiratory Investinatlons

Chest X-Ray 

Spirometry

Card!o-Vascular Investigation

BP

BCG

C4/4/3

This could become more extensive at a later date and include such tests

1. fc£.R.

2. Blood Smear Examination.

3. W.R. 4. Psychological Testing etc.
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APPENDIX 6

J7I5TRIBUTION AND TYPE OF CASES*

The following Appendices allow a comparison to be made between 

the distribution of medical cases for 1969/1970 at RGH(C) and the series 

studied.

The median age for the patients in RGIl(C) over the studied per

iod was 63.7 years this compares with the median age of the studied 

series of 65 years. The average age in the series was 64.5 years, this 

is only marginally higher than that of the average in RGH(C). This is 

due to the criteria used in selecting the cases for the series. The 

main one being that only patients with a new primary provisional diag

nosis were considered and that no re-admissions for the same condition 

were in the series.

The average length of stay of patients in the series was 27.4

days.. The average length of stay of general medical cases in RGD(C)

over a corresponding period was 22.9 days. The difference is again due
+

to the selection of cases in the studied series

+ The figures quoted for RGIl(C) are those out of the Repatriation Comm
ission Annual Report 1969/1970 p. 73
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APPENDIX 6 (contd.)

TABLE 48

DISTRIBUTION OF CA NS.

Gastric Erosion 2 Varicose Ulcers

Duodenal. Ulcer 9 Neuralgia

Gastritis 1 Glomeurloe Nephritis

Malabsorption Syndrom 1 Cirrhosis of Liver

Diverticulitis 1 Prostatic Hypertrophy

Constipation p Bacro IIliac Arthritis

Lumbar Spondylitis 9 Dyspepsia

Pneumonia 3 Achlorhydria

Pneumothorax 1

Bronchitis 10

Asthma 1

Ca. of Lung 2

Ca. of Oesophagus 1

Ca. of Brain 1

Ca. of Breast 1

Ca. of Ctomach 1

Motor Neurone Disease 1

Diabetes 1

Anxiety Depression 3

Polyartheritis 1

Hypertension 5

Coronary Artery Disease 17

Cardiac Failure 8

b

1

1
2

5

1

1
l

Cerebral Thrombosis 7
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TABLE 49
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physical systems involved.

VA3CUL DL NEOPLASM.

Hypertension 5 Ca. Lung.

Coronary Artery 
Disease 17

Cardiac Failure 8

Cerebral Thrombosis __7_
37

sastro intestinal disorders.

Gastric Erosion 2

Duodenal Ulcer 9

Gastritis 1

Malabsorption 
■Syndrome 1

Constipation 1

Achlorhydria 1

Dyspepsia 1

Diverticulitis 1

Cirrhosis of Liver 2
19

ARTHRITIC.
Lumbar Spondylitis 3

Polyarthritis 1

3aero Iliac Arthritis 1
7

G3NIT0 U IIHiRY.

Ca. Cesophagus

Ca. Brain 

Ca. Brer st 

Ca. Itomach

ENDOCRINE 8- M■TR30IIC 

Diabetes

RESTIRATOPY SYSTEM. 

Pneumonia

Pneumothorax

Bronchitis

Asthma

PSYCH I.-, ,'RIC

Anxiety Depressive States

miscellaneous.

Motor Neurone Disease 

Varicose Ulcers 

Neuralgia

Prostatic Hypertrophy 3

2

1

1

1

1

~Z

1

10
1

1

h

1

Glomeurlo Nephritis
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TABLE 50

Pi sease______________ _____________ ____R.G. il. (C)

Tuberculosis 2.7

Infective and Parasitic Diseases 0.6

Neoplasms 6.1

Allergic. Endocrine, Metabolic
and Nutritional Diseases 3.0

Blood Disease 1.3

Mental Disorders 9.6

Nervous System and Sense Organs 4.7

Disease of Circulatory System 20.6

Diseases of Respiratory System .15.7

Diseases of Digestive System 7.8

Genito-urinary Diseases 5.2

Skin Disease G Varicose Ulcers 2.2

Musculo-Skeletal System 6.9

Symptoms. Senility and Ill-
defined conditions 3.9

Accidents, Poisoning G Violence 6.4

Not Yet Diagnosed 1.1.

100%

Comparison 1969/1970 Cases *

Studied Series

6

1

3

37

15

19

6

4

8

1

100%

+ The figures for the Repatriation General Hospital are those quoted 
in the Repatriation Commission's Annual Report 1969/1970 P. 76.
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APPENDIX 6 (contci)

TABLE _51 

Ratient*s Age.

CaseCase

70 Years 60 Year 60 Years

Average A\Cje — 64»5» Yeais 
Median Age = 65 Years
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TADLE-S2

NUMBLPv OF DAYS IN HOSPITAL

—-------------------------“

Case No.
ItoT 
of DayissCase No.

No.
of Days

j
Case

No.

INC. ]

of Days. j

1 7 40 12 79 27
2 27 41 30 00 9
3 19 42 30 01 7
4 10 43 27 02 39
5 16 44 15 03 6
6 17 45 19 04 4
7 25 46 49 85 70
0 14 47 27 06 12
9 46 40 19 07 16

10 16 49 33 08 8
11 18 50 27 09 59
12 54 51 59 90 23
13 13 52 14 91 15
14 11 53 27 92 20
15 23 54 10 93 25
16 39 55 02 94 17
17 19 56 29 95 40
10 27 57 32 96 22
19 17 58 55 97 15
20 12 59 21 90 25
21 20 60 36 99 21
22 14 61 4 100 6
23 17 62 33
24 25 63 13
25 8 64 29
26 25 65 45
27 21 66 41
20 29 67 50
29 20 60 31
30 31 69 59
31 46 70 19
32 62 71 36
33 25 72 10
34 38 73 72
35 35 74 73
36 60 75 25
37 26 76 35
38 12 77 2
39 0 78 15 •

+ Number of Days in each case represents the total 
number of days that each case spent in hospital.

Average Number of Days = 27.4



355
C4/7/1

APPENDIX 2

STATISTICAL SUMMARY OF TESTS PERFORMED 
ON-SERIES STUDIED.

The following Appendices show the total number of tests perfor

med on all cases in the test series and the number of tests that were 

performed on the first, second and third days. The average number of 

tests performed was 25.7 tests per case.

TOTAL NO. OF TESTS DAY 1 DAY 2 DAY 3.

2573 211 636 290

8.2% 23.8% 11.6%

The above shows that in the first 3 days in hospital 1137 tests 

were performed out of a total of 2573 or 43.6% of all tests done were 

carried out in this period.
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TABLE 50

TOTAL NEMBER OF TESTS PERFORMED

No of CaseCase
Tests Tests TestsTests

Average Number of Tests Per Patient
= 25.7.
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CilAPTUv 5.

INTRODUCTION.

The Repatriation Commission after six years of planning, 

investigation and trial decided to introduce an A.D.P. Oystem into 

R.G. H. Concord. A special committee of experts was set up to in- 

vestigate procedures. These investigations were carried out in the 

Meteorological Bureau in Victoria. Here the applications and implicat

ions of the u e of computer' in hospital administration was studied.

Many problems were encountered from simple ones such as 

semantics to complicated electronic and electrical ones. These 

provided some initial installation problems and represent unexpected 

and sometimes intricate and time consuming difficulties which are 

perculiar to the particular type of machinery being used. The A.D.P. 

System is bein^ introduced in stages into the Repatriation General 

Hospital, Concord over 1970-71•

Appendix No.lA is a glossary of terms-, this is essential and 

represents the basic jargon of the workers for without this there would 

be no means of communication.

The object of the Committee was to investigate the implicat

ions of the effects of A.D.P. on hospitalization of a patient in 

selected areas. The two main areas concentrated on v/ere:-

(a) Pathology Bub-system.

(b) Admission and Disposal procedures.
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PAT! iOLOUY 3U3-3YGTRH.

This was decided to be the first area into which A.D.P. could 

be successfully introduced in direct relationship to patient care.

The reason was that the available hardware had already been proven 

in this field and was available. However, a full and complete in

vestigation was carried out by a special committee. A steer ing 

committee was the appointed to introduce the whole procedure with a 

larger Co-opted Committee.

As was discussed in Chapter 1., each country has its own problems . 

and every hospital is individual and the installations, use and programm

ing of equipment has fundamental problems related to the individual 

situations.

The following indicates the manner in which the problem was 

approaches but, nevertheless, is closely related to overseas methods. 

Background Infer ■vat ion.

The Tathology Department of the Repatriation General Hospital 

Concord, provided a service to medical officers who are responsible for 

the diagnosis and treatment of conditions found inin-patient or out

patients. Because of the diversity of tests undertaken, the Department 

is sub-divided at present into the following laboratories:

(i) Biochemistry.

(ii) Haematology.

(iii) hicrobiologv.

(iv) Kistopathology.

The method of testing specimens in the Department varies from 
fully automated analyses to wholly manual procedures and resulting
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reports range from simple numeric values to comprehensive narratives 

The volume of tests carried out in the Repatriation General 

Hospital, during the last five years has doubled and for 1969 some 

480,000, individual pathological reports were produced at Repatriation 

General Hospital, Concord. In addition to the normal increase in tests 

expected over the next 12-13 months, the recent decision by the Repat

riation Commission to introduce multiple screening of in-patients will 

significantly add to the work load of the Pathology Department. To cater 

for this increase (estimated at approx. 70x0, additional automatic 

analytical instruments are proposed which are suitable for direct 

connection to a Date Acquisition system ( D.A.3.). *

The existing Pathology Gystem is described in detail in paras.

1. et seq. and is based on the following procedures

(i) Trained staff from Pathology Department visit wards at 

regular intervals during the day, collected test 

requisition forms and obtain the required speciments 

from the patients;

(ii) On return to the Pathology Department the specimen is 

assigned a consecutive number which, together with the 

patient's neve, ward number and tests requested, is 

entered into a register. Depending upon the variety of 

tests requested the specimen is divided into a number of 

samples each of which, carry a label containing the 

previously assigned consecutive number and patient's name;

(iii) Each sample is then subjected to the required tests, the 

* Gee Page. ■ <:4
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results entered progressively into the register and 

after all tests a^e completed the results are transcribed 

to the requisition form.

(iv) One copy of the requisition form is returned to the ward 

for attachment to the clinical record. The duplicate is 

retained in the Pathology Department for statistical and 

reference purposes.

Existin'" Problem Areas.

Professional and technical staff spend approximately of 

their working day on routine clerical work relating to the preparation 

of sample lists and calculations of results produced by autoanalysers 

and associated equipment.

The proposed introduction of multiple screening and the purchase 

of high capacity laboratory instruments will not appreciably increase 

the problem of result calculation but will significantly increase the 

work associated with the identification of specimens, collation, dis

semination and retrieval of a large volume of test results. As in 

any system where a large volume o^ data is involved, the possibility of 

error is ever present. Errors can occur at any stage from the incorrect 

identification of the specimen at the time it is taken from trie patient, 

to the final transcription of test results to the appropriate report 

form.

The time which elapses between the request for a pathological 

investigation and the return of a result is at present 1 to 2 days for 

Biochemical and xlaematological tests. Whilst this interval is not 

excessive under a manual system the delay can frequently defer the
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commencement of treatment and eventual discharge of the patient.

Investigation of tests results to produce standard ranges for 

results considered normal within various population groups cannot be 

undertaken because o'" the immense clerical task involved.

Tests results are not returned to the ward until all such tests 

are completed, despite the fact that some results may be available much 

earlier.

1.__ EXISTING oYGTEKD.
Requirements of System:

The Tathology Department provides a diagnostic service to clinic

ians and is responsible for the collection of specimens, conduct of 

tests, preparation and return of results/reports, maintenance of ca^d 

files containing copies of a13 test results returned to clinicians and 

production of statistics which reflect test volumes within specified 

categroies.

Record Tyres;

The main records held in the Department are as follows

(i) A sample day book holding the patient s name, ward and

results of tests. This gives a quick reference to test 

results in case of queries or urgent tests.

(ii) A reference file, in alphabetical order, of duplicate

request/report forms maintained by each section of the 

Department.

(iii) statistics cards held in the pathology office are undated 

by clerical staff from the request/report form after the 

reouired tests have been completed and results recorded.
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Requests for Analyses.

Analyses required by clinicians are requested by sending 

the appropriate form. If the specimen is not forv/arded it is obtain

ed by sisters attached to the Department.

Quality Control.

Test results a^-e verified by senior staff and if necessary 

compared with the patient*s previous test results prior to despatch 

to the clinician. Instrument calibrations are constantly monitored 

to ensure result uniformity.

Re por tina Re suIts.

The request form containing the result(s) is sent via the 

hospital courier service to the originator of the request - urgent 

results may be telephoned direct to the clinician.

Volumes.

Approximately 47,000 tests are completed per four week period, 

a breakdown of this figure into test types within laboratories is 

given in Appendix. 6.

Evaluation of Tresent System.

Repatriation General Hospital, Concord extends over some 6? 

acres and consequently wards may be up to 2,000 ft. from the lab

oratories. As delivery of the initial request and sample is via 

a routine collection service provided by the Pathology Department, 

and the return of the final result is by the internal mail system, 

lengthy delays may occur.

On receipt of a request form, the specimen is given a con

secutive number and this, together with the test details is entered
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in a day book for record and control purposes.

samples are distributed and if processed automatically charts 

produced by analysers are interpreted, values calculated, and results 

entered in the day book from which they are copied, to the original 

request form. These clerical tasks, which are carried out by technical 

staff, take a high percentage of their useful working time.

During transfer of data between various records errors may

occur.

A statistic ^ard for each test type is updated manually by 

clerical staff on completion of the test reports. At the end of each 

four week period, these figures are totalled and then transcribed for 

forwarding to the statistic clerk. The Maintenance of these records 

requires substantial clerical effort and because of the sheer volume, 

errors may be introduced into the statistics.

2. iL-vNAGDIhlHT SUMMARY;

Objectives:

The Pathology sub-system is designed to:-

(i) automatically record signals from a variety of

instruments (including auto-analysers) in the Bio

chemical and Haematological laboratories, perform the 

required calculations and record results in a computer 

based file;

(ii) accumulate these results and associate them with their 

related requests to provide a patient record;

(iii) print (as required) ward reports, patient profiles, 

management statistics, and control results;
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(iv) provide ready access to test results as and when 

required by clinicians or laboratory staff.

Future objectives of the system are - incorporation into

the y-vDP system of: -

(i) results of tests which are manually performed in

the laboratories;

(ii) narrative type test reports.

Hhese objectives can easily be applied as part of the multi 

screening process on admission to hospital and is being introduced into 

Repatriation General Hospital, Concord in the preadmission area, early 

1971.
Equipment Constraints:

Tne system is designed for operation on the Repatriation IBM 

36O/5O computer in Sydney, with the Social Service computer available 

in case of failure. -laboratory equipment is not connected directly 

to the computer out instead is linked to an IBit 1080 Data Acquisition 

System (D.A.S.) at Repatriation General Hospital, Concord.

Card output from the D.A.S., is transmitted to the computer 

via a card reader ( C.R.) which in addition to two Visual Display 

Units (V.D.U.) one Keyboard Printer ( K.P.) and one medium speed Serial 

Matrix printer ( S.M.P.) is available to the system and connected directly 

to compute" complex via 1.M.G. private telephone lines.

Summary of Ironosed A.D.P. System.

Irrespective of the type of test required, the following 

uniform procedures are followed:-
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(i) the medical officer completes a t, st requisition card 

specifying the tests which are required, the propose.' 

cards for use in biochemistry and haematology are shown 

in appendix 7 . arch requisition comprised two 30 

column machine cards with interleaved carbon, the whole 

forming a zip-set. Both cards are pre-numbered and the 

duplicate card incorporates four specimen identification 

stubs which nay be pre-punched with a specimen serial 

number. self-adhesive labels (printed during the ad

mission process) are attached to the top requisition cr->'d.

(ii) The medical officer records on the patient's case sheet 

those tests requested.

(iii) the requisition cards are collected at regular intervals 

by nurses, who also obtain the required specimens from 

the -atients, positively identifying each specimen by 

removing a stub from the appropriate requisition card 

and attaching it by an elastic strap to the specimen 

tube.

(iv) on delivery of requisition cards and specimens to the

Pathology Department, information regarding the patient 

and tests requested is notified to the n.D.P. system via 

a V.D.U.

(v) Under the preadmission profile system, the specimen could 

becollectec on admission.

Identification of specimens processed on auto-analysers is 

chieved by a sampler reader, which consists of a stub-card reader nd
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control assembly associated with the auto-analyser turntable from which

the sample is drawn for analysis. Results of tests performed automatic

ally are punched via the card punch attached to the D.A.3.

Results of manual tests which produce numeric results are 

notified to the A.D.P. system via a V.D.U.

At appropriate intervals, e.g. hourly, all cards produced via 

the D.A.3.card punch are transmitted to dr computer via the remote card- 

reader. The information is immediately processed to produce:-

(i) quality control information which is re-transmitted to 

the pathology department and/printed via the K.P;

(ii) in the case of automated haematology, a list associating 

specimen numbers with patients to enable further exam

inations to be conducted should they be necessary.

(iii) tests results, which are printed in ward summary form

at regular intervals during the day (via the 3.K.P.) and

distributed;

(iv) cumulative patient profiles for one specified period, 

e.g. 1 week, which are printed eech evening and 

distributed por inclusion in clinical records.

Manual

identified in a

tests which give rise to narrative type reports are 

similar manner by attaching the stub card which is

endorsed with the test name. The narrative report is manually entered •

on a separate report form. Cn com lotion of the report, the computer

record is updated for control and statistical purposes with the date of 

completion of the test via the V.D.U.

Some manual test results may, however, be coded', these codes are
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translated by computer and produced on the patient's profile in full.

If tests are required urgently the clinician indicates this when making 

his request. Irrespective of the type of test, the technician 

responsible telephones the result to the doctor. With some automated 

tests this may be an approximation as a final figure cannot be obtained 

until several samples in a particular batch have been completed and 

results analysed.

bequests for pathological tests originate in three specific areas 

within the hospital:

(i) Admissions.

(a) unless the admitting medical officer (al.O) considers 

it medically inadvisable, all patients on admission 

'•vill have specimens taken which are subject to some 

12 basic biochemical and 7 haematological tests;

(b) the AID initiates this action by entering the order on 

the laboratory requisition c^rd immediately following 

the physical examination of the patient;

(c) the sample is obtained from the patient, identified by 

a pre-punched stub from the requisition card and 

forwarded to pathology.

(ii) hards.

(a) After the arrival.of a patient in the ward, any further 

tests required by resident doctors or specialists are 

indicated on the requisition card; this could result 

from the pre-admission tests being already at hand or

the tests may be medically indicated.
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(b) the required sample is co3.1ecJ'od by a trained nurse 

attached to the Pathology Department, oho identifies 

the sample vith the appropriate stub.

(iii) Out-iatient Department.

(a; tests required by doctors for out-patients are

entered on the normal requisitions card following 

examination.

(b) the requisition is then taken by the patient to the 

Pathology Department wh re the required specimen is 

obtained and appropriate identification stub is 

attached;

(c) the formal test request is input via the Pathology 

Department V.D.U.

(d) The O.P.D. tests may be performed as port of a pre

admission Clinic.

Advantages of the Proposed A.D.P. oystem.

The connection of the high volume automatic analytical instru

ments to the Data Acquisition system and subsequent computer calculation 

of results eliminates several clerical procedures and consequently 

reduces the time which elapses between receipt of sample and availability 

of result to approximately three hours.

Results are returned progressively to the clinician in the form 

of ward-reports and -re not delayed until the result from the tost 

requiring the longest laboratory -rocedure becomes available.

The retention of test results on magnetic disk permits the

cumulative printin' of individual patient profiles ( dee Appendix 0) for 
a seven day period.
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laboratory staff have the facility to quickly compare current 

test resul a v/ith previous results by requesting a print of all or select 

ed results from the patient's historical record maintained on magnetic 

disk. A comprehensive summary comprising a copy of each weeks patient 

profile ( dee Appendix;of biochemical and haemutolorical test results is 

automatically produced on discharge for attachment to the clinical 

summary.

As the A.D.P. system relieves skilled laboratory staff of 

clerical procedures associated with automatic analytical instruments, 

an increased range or volume of manual tests may be undertaken.

Historical retention of test results enables research to be 

undertaken to determine current standard test results ranges for 

selected groups of patients.

Estimated savings.

The automatic recording of output signals from analytical 

instruments, combined with calculation of results by the A.D.P. system 

should permit the volume of tests conducted to increase by some 70% 

within the next 12-18 months without corresponding increases in staff.

The increase of workload results from the proposed introduction of 

screening tests on admission and the 25'p annual incre- se in tests which 

is being experienced at A.G.H. Concord. without the introduction of 

these techniques up to five additional laboratory staff would be 

necessary to satisfy this expected increase in test requests.

Under the proposed system, diagnostic test results are returned 

to clinicians earlier allowing in many cases, a firm diagnosis to be 

made, and treatment commenced. Apert from the primary result of
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improving patian- care, the earlier diagnosis, treatment and ventual 

discharge should lead to either a reduction in the number of beds 

required to treat a specified number of patients or a significant 

increase in the number of patients treated wit in the existing facilit

ies.

Implementation.

Although not essential, it is desirable that the introduction 

of the full Automated Pathology bystem should follow the implementation 

of the Admission and Dispositions Bub-System which is scheduled for 

late 1970. This latter Sub-System creates and maintains a patient 

record on magnetic disk which ultimately forms the basic patient indent- 

ification for use by the Pathology System. Meanwhile, the linking of the 

auto-analyser etc., to the IBM 1080 is effected folowing delivery of 

this equipment in 1970. The "Off-Line” calculation of test results 

could be introduced about mid 1970.

The implementation of the pathology Sub-System is progressive, and 

initially, two auto-analyser channels used for Biochemical tests are 

connected to the IBM 1080 system. Manual calculation of results is 

continued for a period of system checking. As staff gain experience 

with the 1080 system and associate! procedures and providing no serious 

t echnical problems arise (overseas experience indicates that this is 

unlikely) further channels will he subsequently connected.

.hen all auto-analyser channels are successfully operating 

through their required range of tests on the 1080 system, progressive 

inclusion of non-automatic electronic test equipment, e.g. Coulter

Counter, Colorimeters e c. is undertaken.
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Full A.D.P. system support in the form of control results, ward 

reports, •atient profiles, and specimen identification is provided for each 

test as it is included in the Pathology Sub-System.

The introduction of test results produced by manual processing 

into the patient A.D.P. file is independent of the 1030 system and is 

introduced in stages shortly after the ICSO system has been established.

Likewise the ordering of tests or investigations which result 

in narrative type reports is wholly independent of the automated system 

and for t' is reason may be introduced at a time convenient to the 

Department.

EQUIPMENT:
«■

Computer.

The A.D.P'. system is designed for operation on the Repatriation 

computer situate in Australia House, Sydney, with the Social Service 

computer, which is located in the same building, to be used in case of 

machine failure. Terminals iuR.G.II. Concord, are linked via P.P.G. 

transmission wires to the computer so that the remote location of the 

computer has no detrimental effect on the output for the hospital system.

Visual Discigw Unit (V.D,U.) .__

A V.D.U. provides high speed visual access to computer inform

ation. It incorporates a television type screen (l4" x 9") and an 

alphanumeric keyboard. Data entered on the keyboard is displayed on the 

screen for visual checking and is then used to access computer records.

Similarly on request from the V.D.U. information held in the 

computer is displayed on the screen. Up to 12 lines of 80 characters 

can be displayed on the screen simultaneously.
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Keyboard Printer ( K.P.):

The Keyboard Printer features a Delectric Typewriter modified 

for use as a general purpose communication terminal. Data can be entered 

into computer records via the terminal but its main use is to provide 

printed reports and result lists for verbal requests made via the Visual 

Display Units. All K.F's work independently of the V.D.U's and print at 

a rate of 1-f characters per second.

Deria] Printers;

The serial matrix type printer is specially designed for use 

as a medium speed remote date communication system printer and operates 

at 66 characters per second with a spacing of 10 characters per inch and 

up to 112 characters per line. A keyboard is included with the communic-

system for input.

Card harder I

The SO column punch card reader transmits information contained 

in standard c"»rds to the computer at a rate of 150 cards per minute. The 

reader incorporates automatic input and output feeding and st--eking.

Direct access Atom e Device (D.A.o.D.;j

All information accessed in the system is stored on a disk pack. 

Up to 50 million characters can be stored on the magnetic surface of each 

disk. Each record can be accessed in approximately 60 milliseconds.

P.K.G. modems:

Modems, which are leased from the P.K.G., are used at termination 

of the communication lines ( at JR.G.H. and the computer centre). The 

basic function of modems is the modulation and demodulation of signals 

for transmission to/from the V.D.U’s, from/to the computer.
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DESCRIPTION OF THE PROPOSED .;,D,P. SYSTEN:

General:

The A.D.F. system holds on magnetic disk a list of:-

(i) requests for diagnostic tests;

(ii) results of analyses ( unmatched with requests);

(iii) results of analyses ( matched with requests):

(iv) historical results up to 6 months old;

(v) test codes, with test names and statistics, 

rtccess to historical records and the addition or deletion of 

requests and results is made via a V.D.U.

Quality control reports, Specimen identification data and list

ings of historical records are output from a keyboard printer, ward reports 

and patient profiles are however, produced by a medium speed serial matrix 

printer, rise sited in the Pathology Department. Should the volume of 

patient profiles increase beyond the capacity of the output terminals in 

Pathology, additional printer capacity is available within the hospital. 

Requests for Analyses,

All requests for analyses on automated equipment are entered 

via a visual display unit and recorded on disk.

The member's hospital number, the specimen number and all tests 

codes are entered at this time. The hospital number and test codes 

Which incorporate check digits) are validated prior to the member’s name, 

benefit number and the names of the test being displayed for visual 

verification.
On re-entry, the information is scanned and validated in case of 

alteration. A record is then written for each individual test code in 

the request file. Those records are held on disk for matching with
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the results when a ward report is requested.

On r:Cei>pt of a request for a test which is not pre-printed on 

the card but which has been written on the card, the clerk looks up the 

test from a table, inserts the test code number, enters the request via 

the V.D.U. then holds the request card for future identification of 

samples. Tests in this category represent .less than 5% of the total 

tests processed each day.

Results of Automated Analyses.

■Results of analyses run on automated equipment attached to the 

lOcO Data Acquisition System a"e automatically punched out on cards.

These punched cards are then read by a card reader which transmits the 

data to the computer ready for analysis by the automated chemistry 

program.

At intervals throughout the day the automated chemistry program 

is run as a batch program producing a quality control report and storing 

the results of analyses on disk.

The pathologist or his representative examines the quality 

control report and deletes (through the visual display unit) all doubtful 

results.

.Vith the quality control report an identification list is pro

duced for automated haematology requests.

manual analyses ( Biochemistry):

all results not collected by the 10S0 system must be incut to 

the computer via a V.D.U. In t.is cm e, the following procedure is 

followed:-

Cn completion of manual results, if the whole result can fit
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within 12 characters this is entered on a result form (Appendix; which 

i passed to the V.D.U. operator for entry to the computer. If the 

result requires a narrative report, the narrative form is completed, a 

short result written in the space provided ( this may consist of a date 

or 'll 2.10 T* ). This short result is input via the V.D.U. and the 

operator writes the patient's name, benefit number and ward, obtained from 

the request card, on the narrative report to send to the ward.

Manual analyses from oth r sections are included in the system 

after the initial automated system is implemented.

Ward, heoort:

After the automated chemistry program has been run and the doubtful 

results deleted, a ward report is requested via the visual display unit.

The ward report program is initiated by the computer operator 

and this program is run concurrently with the "on-line" program so that 

the visual display units may be used to enter requests and results with

out interference.

The program strips results, and requests from their respective 

data sets sorts into specimen and test code order and matches results 

wit1 their respective requests.

Unmatched results and requests a-e printed out as an exception 

report, on a keyboard printer, and printing is in specimen number order.

At the end of this report a summary of all out-standing requests is 

given. Unmatched results and requests are returned to their respective 

data sets and held.

Matched records are sorted into ward, member and test code order 

and listed on a keyboard printer in the Pathology Department. At the
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end of the ward re ort, a summary of all tests completed is given 

together with average time taken between entering the reouest through 

the visual display unit and the ward report being prepared. 'The ward 

report is distributed by the pathology nurses whilst collecting samples.

Pat lent Profile:

Overnight a patient profile of all patients who have had 

analyses performed during the preceding day is produced.

Profiles are listed in ward arid member order, tests are listed 

within the profiles in test code order.

nt the end oj the patient profile listing, a summary of the tests 

performed during the preceding day is produced.

The profiles and summary are listed on the serial matrix printers 

in the Pathology Department.

Dnouirles:

inquiries about the tost results are made via the office where 

the clerk extracts the appropriate request c->rd, obtains the results from 

the laboratory staff and, if available, conveys them back to the enquirier.* 

If the request is made before the results have been computerized, then the 

results may be got from the laboratory. If the results have been com

puterized, then a duplicate would be in the main office of the Pathology 

Department.

Historical hecor ds:

.Results of analyses a~e retained on a direct access data set 

and are available for a period of six months.

A reouest entered in a visual display unit giving the member’s

hospital or benefit number will produce ns required a list of previous 

results for all tests or specified tests only.
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The name and ward of the member, together with the numbers of the 

results on file are displayed on the visual display unit whilst the 

results themselves are listed on a keyboard printer within pathology.

Statistics:
The total numbers of each type of test performed, sub-divided 

by in-patients, out-patients and others, and the avsrae time taken 

between the request being input through the V.D.U. and the ward report 

programs run is accumulated for each type of test throughout the month 

and printed for each 28 day period.

Error Control:

The A.D.P. system, in taking results direct from the auto- 

analysers, eliminates the risk of incorrect calculation or transcrip

tion of data. Invalid data produced by the auto-analysers due to 

machine malfunctions etc., are displayed on the quality control report 

and deleted. Incorrect labelling of specimens is greatly reduced by 

the attachment of a stub card immediately after taking the sample's and 

mechanical reading of this stub card.
The validation of the visual display unit messages includes 

verification of the check digits on the hospital number and the test 

codes, displaying the member's name and hospital number, and verifying 

the specimen number is numeric and within limits. -di-re the member’s 

benefit number is required this is also verified.
Security of Data oets.

The A.D.P. system is designed so that, if a malfunction of the 

computer occurs, the only necess-ry step is to r -sta~t from the beginning

of the job-step within which the malfunction occurred. No data sets are
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deleted but are overwritten during the next cycle of the system. Where 

data is being entered by card reader or visual display unit when the mal

function occurs, this data may be lost and may have to be re-entered, 

Manual Fall-Back Procedures:

The terminal network and computer complex is designed to con

tinue working even where one or more terminals has failed; it is there

fore only necessary to switch visual display units to continue operation, 

In the event of a complete failure of the whole system, or of the 

1080 Data Acquisition System, results may be obtained directly from the 

charts produced by automated equipment. These results may later be 

entered via a visual display unit to appear on ward reports and patient 

profiles.
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ADMISSION ..HD DIoPCmITIO;i OF IN-PnTIXXTJ AT A.G.H. CONGO a;.

SUB - SYSTEM.

This section of the A.D.P. System is incorporated to show how the 

future preadmission investigations could become a routine part of the 

programme. The present objectives are only described as most of the 

procedures being introduced are not related to preadmission multi-testing.

In considering admission procedures much consideration was given 

to what tests should be done routinely on admission and on which patients 

they should be carried out.

Various factors such as degree of urgency of admission, the age 

of the patient, the time the tests would take to carry them out, the 

number of admissions per day,the space available for the tests to be 

carried out in etc, were considered, the final result was that on. 

admission urgent cases would go straight to the Admission Ward. Non 

urgent cares would go through a modified preadmission centre to their 

appropriate wards. Blood tests and Chest X-Rays would be performed in 

this centre. Other investigations v;er,e ruled out mainly on a time 

factor.

OBJECT 1VB3:

The objectives of the proposed ADP. Bystem are to

(i) provide an efficient method of verifying entitlement 

details of persons seeking admission;

(ii) automatically produce self adhering labels, containing 

paitient identification, for attachment to clinical

records and administrative documents;
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(iii) accumulate and produce statistics and listings

relating to admissions, discharges, length of stay 

medical categories etc., as required by management for 

the optimization of hospital resources;

(iv) maintain timely and accurate bed availability

information, including ward work-load indicators 

and projected vacancies;

(v) provide an automatic review of length of patient 

stay, particularly in those cases where statutory 

limits are placed on duration of inpatiency;

(vi) create and maintain accurate in-patient records; 

which are readily accessible by medical or 

administrative staff;

(vii) provide basic information for secondary records which

initially contain details of diagnostic procedures, e.g. 

pathological tests, X-rays etc.,

(viii) maintain accurate lists, by surgeon, or patients 

awaiting admission for elective surgery;

(ix) produce for the HI-10 preparing the discharge summary,

a basic patient summary which includes personal details 

and a listing of diagnostic procedures undertaken by 

the Pathology, X-Hay and Biophysics Departments,

Subject to the satisfactory achievement of the above objectives

further refinements would be added at later dates
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APPLICATION TO MULTIPLJ<_ li vbbTIGATIONG U\ '

«■ t iji'i 1 i M L l \ »

The proceduros discussed in Chapter 5 will ho applied to patients cn 

admissio; to RGII (C). Pathology - especially Bio-Chemistry and Hat 

gy - because of the nature of the specimen used and it’s availability was 

the first area developed. This has been the accepted procedure elsewhere 

w< 1 here Bio-chemical and Haematology profiles have been produc

ed routir: ly as admission or pre-admission procedures.

The following tests are now being carried out as a routir

on all admissions to hob (C):~

a) illo-Ciici;ijcal Tests (Using a Gl.iA 12/60) 

T o t a 1 Protein A1humin

Globulin 

Cholesterol 

lii 1 i rub in

Calci urn 

Greatini ne. 

L.13.11.

8.G.O.T. C.P.iC.

The above do not cover all tire tests recommended in the test battery 

drawn up from the Questionnaire as shown on Page 216 of Chapter 3 or the 

one recommended in Chapter 4, Page 346. However a second SilA 12/60 is 

being purchased so that an additional series of 12 tests not covered in 

the above Bio-chemical battery can be carried out as part of the routine 

procedure.

b) Haernatolociica] Tests (Using a Coulter 3.)

Haemoglobin Total White Cell Count

Red Cell Count M.C.1I.

hl.C.H.C. il.C.il.V. Iiaematocri t.
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The above tests do not cover sou; of the tests recommended in either 

test battery (pps. 216. 326). A Differential White Cell Count, Blood Group 

and Rh factor are not routinely performed. However the series of Haemato- 

Lof ical p rformed cover a wider range than those recommended in the

test battery (P. 346) ? but the above three tests should be included.

Alien the ABF system in Pathology is computed all the tests - Bio-Chemi

cal and liaematolocjical - will be performed as part of the Multiple Investi

gation of patients on admission to KGH (C).

The Admission Centre will be completed at iiCH (C) in 1971. The other 

tests recommended in the Battery IP, 346) will then probably be performed 

us part of the Multiple Investigations on patients on admission to this 

Hospital.

Chapter 4 considers that in the 100 selected cases studied of the 40 

cases that did not have their diagnosis confirmed on Day 1 it may have 

been possible that 46‘u of these could have been confirmed by Multiple In

vestigations on admission. In the same series of 100 selected cases, 26 

cases had additional diagnosis. Ten of these additional diagnosis may have 

been made and confirmed on admission by using Multiple Investigations. It 

is postulated that by using the recommended test Battery (P. 346) in the 

proposed Admission Centre at ROM (C) then tile results indicated in Chapter 

4 may become a reality .
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APPENDIX.IA

GLG J'SAa'P CP TJLGw.

A.OP* Automatic Data Processing

Back-up* Facilities available in cr.se of system failure*

Batch processing* The execution of programs serially .

CPU* Central Processing Unit. The arithmetic unit

and control circuitry governing the interna]

operation of the computer.

Check Digit. One or more digits carried in a field r>nd

computed from the remaining digits of the field.

The check digit is recomputed during processing

and compared with the origianl check digit, thus

actin.t as a check on the remaining digits of the

number.

COBOL. Common Business Oriented Language. A programm-

lan.guage used for applications of a commercial

type.

That part of a computer used for communication

between the operator and the computer.

Core Storage. A form of high speed storage using magnetic

cores situated within the main frame of the

computer.

Data Set * A related set of records.

Deck * A collection of punched cards.

Direct access • A technique associated with the direct address

ing of a record without recourse to searching
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for t hat r ecord.

Disk dtor.'-ve. • A storage device where info {io i; i c<rded

or flat disks; s • 1 for of aria

recor >s.

Down Time. The tine interval during which a device is r.al~

functioning.

Edit. To modify the form or format of data, for example

to insert or delete characters.

Enquiry Used in the sense of interrogation, by means of

a routine or program, or stored information

accessible to the computer.

Error. Any discrepancy between a computed, observed

or measured quantity and the true, specified or

theoretically correct value or condition.

Exception. where information does not con 'orra to specified

conditions.

File. See Data Eet.

Flow Chart. A graphical representation of the definition,

analysis or solution of a problem, in which

symbols are used to represent operations, data,

flow equipment etc.

Format. A specific arrangement of data.

Hardware. The mechanical, magnetic and electronic components

making up a. computer.

Input. Used to de;cribe data being transferred from an

external store or peripheral device to an internal
store.
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Interface.

Job .Restart,

Justify.

Key.

Keyboard Printee ( K.

Magnetic Disk. 

Magnetic Tape.

Paster Data Set’

Matrix. 

Memory. 

Microsecond. 

I billisecond. 

Modem.

APPDSNDIX IA.
A mode of connection through which control and 

data impulses pass from the CPU to a peripheral 

device auu. vice verba •

Provision in a, program tor recovery from an 

error without abandoning the job.

To align a set of characters horizontally into 

a prescribed format.

One r >re cl aracter it' in an i late

that are used to identify it or control its use. 

P.)« A combination of keyboard and printer capable 

of communication with the computer. A fci.ru 

speed printing device capable of printing a 

complete line simultaneously .

See Disk Storage.

A tape with a magnetic surface on which data 

can be stored serially by selective polarisat

ion of portions of the surface.

A data set that is either relatively permanent, 

or that contains relatively permanent data, or 

that is treated as an authority in a particular 

job.

An array of any number of dimensions.

See Core Storage.

One millionth of ?. second.

One thousandth of a second.

A device which modulates and demodulates
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signals transmitted over communications 

facilities

Ault roj i Uiiinin ..

Off line.

On line.

Oerila liatrix Printer 
(S.I .P.).

Software.

Update.

Validation.

Visual -display Unit 
(V.D.U.).

Verify.

•sertaining tc the concurrent execution of two 

or more programs by a single computer. 

Pertaining to equipment or devices not under 

direct control o ' the GPU.

Pert; ini i ; to equipment o2 d ivices under direct 

control of the CPU.

A specially designed keyboard printer used as 

a medium speed remote data communication systen 

printer.

A set of programs, procedures, rul s and 

possibly associated documentation concerned 

with operation of a data processing system.

To apply all additions, deletions and changes 

to a data set.

Computer checking of input data prior to 

processing to ensure the data falls within 

defined limits.

A combination television-type screen and type

writer keyboard capable of conrr.uniciting with 

the computer.

To determine whether a transcription of data 

or other operation has been accomplished

accurately.
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REPORT PRODUCTION OF WARD REPORTS AND PATIENT PROFILF

RSPT8011 Strip 
Records From Direct 
\ecess to Sequential

'*■' Direct Access ' 
[old' Requests!

...^<—^1 6 Sort by Specimen No
Sequential pMh'est Code Result 

£]d' Results^ j Fiag

o

“P^—ISorted 'old' p 
^NJResults

j Sort By Specimen No 
S Test Code IOj

| Sorted 'old'
| l Requests

RSPTRQ71 
Matches Requests, 
Results. Deletes, 
Jnwanted Records

f

'New'
[Results New' Request

CV

X
>—t
o

§
EL
£L
C

Exception ReportPrints all Unmatched 
Records

Sorted by Ward 
Benefit No. 'est 
Code Date Time

’rints Ward
Matched
Records Sorted Match) 

^Results
TUyUl l, MU.UI
ilates Statist!)

Adds Daily Records 
to Weekly Data Set

PATIENT PRQFU.F

Sorted by Ward Sorted Pathology
,_TestsBenefit No.

RS.PTBQ61
Prints Patients Profile, 

Jg>— Daily Statistics ’

Patients Profile.

Daily Statistics

sort by Ward
Tenefit No Hosp. No. 
'Sarrio Test Code Date 

Time
Weekly necori
L

Copy Sorted Weekly 
Records Back to 

Original File
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SmiV OF WLLICLY RESULTS FILE.

fjI } V n r;« > 'i »y». • r*r •* ;? ^Tv»r n ??r> /■'p *r
t* L<^ivLjx i k i U( “* Oia X t O i V i-*i V/i i A

master
index

sorted
weekly
result's

weekly
results

JkU Wkl

historical 
data setkrehiva.

sort by 
benefit no. 
test code

RSPTB071 
adds weekly 
records to 
historical data 

set

RSPTB091
places weekly 
results on 
the archival

W
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historical
results

pathology
tests

master
index

RSPTT021
list of 

•historical
resultsprints results

patient
status M-SDB
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. -. 0 C ~ E V > $ ■ At PRGNT CARD

20:629

!,i.s» L_
PATIENT LABEL

F' ;
"i

!C02 

!Bu N

CHEMISTRY

clinical notes

Signature /

BIOCHEMISTRY rear card

( )1 O i O
' 201629 201629 201629

10' 1 i (Group 3 1K7 other tests 1 otner tests

Na 1
1

Vv1
1

p
4

1
'C02 i

, I

t
Signature / /i 9

MO. writes <r\ further cnermstry tests 'equ'red >n space provided. 

The studs cn tne rear cara have tr.e nurr.per punened.m.
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6 5 4 3 2 1

.1 Group C 5505

HG3 MCV ,vc.hc

r-.CT MCH

PATIENT LABEL

\

N,

!
i

i
Clinical NOTES !

!
i

,L POMATED HEMATOLOGY

:
j

i

Sip'.a lure / jl9
— !

HcMATOlOGy rear card

6 5 4 3 2 1

1 G'CvO C 5505

r.GB f.'CV f/CHC
nCT V.CH

\
\

t
I

!
i

7ms card <$ for use in Coulter S tests only, a further card will be used for other hematology tests.
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