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SUMMARY The productivity of a clinical chemistry laboratory was measured in both a Canadian
and a British tertiary care teaching hospital using 1977 data and the 1976 edition of the Canadian
Schedule of Unit Values. Although productivity, measured as units produced per person or per paid
hour, was lower in the British than in the Canadian teaching hospital-due to the British day-
release system of staff-education-the output per actual worked hour was similar. We conclude, from
this small study, that productivity in the laboratory services of the British National Health Service
is not likely to be different from laboratory productivity elsewhere.

As part of a study of clinical chemistry utilisation
in teaching hospitals in Canada and Britain,' based
on data collected in 1977, we have examined the pro-
ductivity of one Canadian and one British clinical
chemistry laboratory.
For a number of years Britain has earned an in-

ternational reputation for poor industrial produc-
tivity, and this, together with the stigma of 'social-
ised medicine' has suggested a poorer level of
productivity within the National Health Service
itself.2 We have attempted to measure productivity
by a standard method to test this belief. International
comparisons of productivity are notoriously difficult
to make, on both practical and theoretical grounds,
but the workload recording method for clinical
laboratory procedures3 takes account of many of the
practical problems that bedevil productivity measure-
ments in industry, such as the heterogeneity of input
and output, the quality and intensity of labour out-
puts, the capital investment in plant and equipment,
and many other factors. The workload recording
method is accepted in both Canada3 and the United
States (as the College of American Pathologists'
System) as an adequate, albeit imperfect method of
measuring laboratory productivity, although it is not
yet in general use in Britain.
Our original study involved three Canadian and

three British teaching hospitals,' but in the present
study we have used only one hospital in each country
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to exclude the effect of laboratory overcrowding on
productivity.4 Both laboratories in this study were
built and occupied in the 1970s specifically for
clinical chemistry work, and there were no limita-
tions of space during 1977.

Methods and results

The 1977 workload figures (total units and the num-
bers of patient tests) were collected from University
Hospital, London, Ontario, Canada and from Glas-
gow Royal Infirmary, Glasgow, Scotland. These
hospitals are teaching hospitals affiliated with the
medical schools of the Universities of Western
Ontario and Glasgow, respectively. Both hospitals
belong to the tertiary-care category as defined by
Mechanic.5 The patient statistics giving rise to the
workloads were also obtained. These data are shown
in Table 1. Unit calculations were carried out in
accordance with the procedures detailed in the
Canadian Schedule of Unit Values,3 using the 1976
edition.
About 70-80% of tests were analysed by 'auto-

mated' methods, and these tests, together with the
analysers used, are listed in Table 2. The number of
staff employed to produce and report analytical re-
sults in each hospital are listed together with their
'total paid hours' (which includes overtime) and
'actual worked hours'. This latter category is ob-
tained by reducing the total paid hours by the
amount of statutory holidays, annual leave, sick
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Table 1 Patient and workload data for 1977

University Glasgow
Hospital, Royal
Canada Infirmary

Total beds 391 2 197
(acute)* (391)* (1 557)*

Total bed days (inpatient) 119 662 807 471
Outpatient visits 72 193 726 569
Emergency/casualty visits 21 014 93 210
Total patient tests 913 801 1 124 519
Total clinical chemistry units 3 530 092 7 550 489

(including quality control and
calibration work)

*Number of acute-care beds in parentheses.
tEmergency department (Canada) is designated as casualty depart-
ment in Britain.

Table 2 Major serum analytes and analysers*

University Hospital, Glasgow Royal
Canada Infirmary

Sodium, potassium 13 ch 7 ch
IL Flame IL Flame

Chloride 13 ch 7 ch
Coulometer Coulometer

Bicarbonate 13 ch 7 ch
Urea, creatinine 13 ch 7 ch

AA 11
Glucose 13 ch Beckman

AA 11
Calcium 13 ch AA It

AAS
Phosphorus 13 ch AA It
Total protein 13 ch 7 ch

AA II
Albumin 13 ch AA It
Urate 13 ch AA II
Total bilirubin 13 ch AA It
Cholesterol CA AA It
Triglyceride CA AA It
Transaminases LKB LKB
Creatine kinase LKB LKB
Lactate LKB LKB

dehydrogenase
V-glutamyl CA LKB

transferase
Alkaline phosphatase CA LKB

*The alternative analyser is listed when substantial use is made of the
alternative system.
Abbreviations for analysers
13 ch, 7 ch = number of automated channels in an integrated analyser
system, eg, SMA or equivalent; IL Flame = Flame Photometer
(Instrumentation Laboratories Inc, Lexington, MA 02173); Coulo-
meter = coulometric titration technique; AA II = Autoanalyzer It
continuous-flow system (Technicon Instruments Corporation, Tarry-
town, NY 10591); Beckman = Glucose Analyzer (Beckman Instru-
ments, Inc, Fullerton, CA 92634); AAS = atomic absorption spectro-
meter; titrator = Fluorescent Titrator (Oxford Laboratories Inc.
Foster City, CA 94404); CA = Gemsaec centrifugal analyser (Electro-
Nucleonics, Inc, Fairfield, NH 07006); LKB = 8600 reaction rate
analyser and Ultrolab System 2086 Mark It kinetic analyser (LKB-
Produkter AB, Bromma, Sweden).

time, and, in the case of Glasgow Royal Infirmary,
by day-release time. Payroll records were used to
obtain these data, which are given in Tables 3 and 4.
Both laboratories used computer reporting sys-

tems in 1977. At University Hospital, the system
then ran (and continues to do so) 24 hours each day.

Table 3 Staffing in the Department of Clinical
Biochemistry at University Hospital requiredfor analyses
and reporting ofpatient care work

Category Number Total Actual
(full-time paid worked
equivalent) hours hours

Professional staff 1 2 100 1 960
Supervisory technologists* 5-1 9 993 8 551
Technologists* 26-4 51 499 46 109
Clerk/typist* 2 3 913 3 527
Glass washert 1 2 080 1 944
Totals 35 5 69 585 62 091

*37 5 h/week.
t40 h/week.

Table 4 Staffing in the Department of Biochemistry at
Glasgow Royal Infirmary required for analyses and
reporting ofpatient care work

Category Number Total Actual
(full-time paid worked
equivalent) hours hours

Professional staff 7 5 13 650 13 624
Supervisory medical laboratory 6-4 14 277 11 947

scientific officers*
Medical laboratory scientific 64 129 824 100 194

officers*
Clerk/typistt 6-5 12 506 12 241
Glass washer: 2 4 160 3 568
Totals 86-4 174 417 141 574

*38 h/week.
t37 h/week.
$40 h/week.

All results were entered in real time, and complete
cumulative reports were issued three times each
week with interim reporting carried out four times
each day. The use of the computer allowed a reduc-
tion of three full-time equivalents of staff. Staffing
levels in Table 3 are for staffing after completion of
the computer installation.
At Glasgow Royal Infirmary the computer sys-

tem produced (1977) cumulative reports only from
the seven-channel analyser (see Table 2), operated
only during the working day, and had not then
created any reduction in the staffing of the depart-
ment.
A number of estimates of productivity are shown

in Table 5 derived from the data in Tables 1, 3, and
4. Table 6 contains information on the professional
staffing of each department.

Discussion

The data given in Table 1 indicate that, per acute-
care bed, University Hospital carries out more
clinical chemistry tests than Glasgow Royal Infirm-
ary by a factor of about threefold. We have shown,
in fact, that for the common tests, such as creatinine
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Table 5 Estimates ofproductivity

University Hospital, Glasgow Royal
Canada Infirmary

Units produced per person 99 439 87 390
Units produced per paid 50 73 43-29
hour

Units produced per actual 56 85 53 33
worked hour

Table 6 Professional staff in post in 1977

University Glasgow
Hospital, Royal
Canada Infirmary

Physician 1 2 +(3)
Clinical chemist (non-physician)

Senior echelon 1 5+(2)
Others, ie, training and early Nil 15 +(I)

post-training grades
Medical residents/registrars 1 5-5

The figures in parentheses indicate the number of university, as
opposed to National Health Service, professional staff.

and potassium, the factor between the Canadian and
British hospitals is actually about eightfold and that
for glucose the factor is as large as 20-fold more
tests per patient day.'

It will be noted (Table 1) that, although similar
patient test numbers were produced by both labora-
tories, the unit values are twofold different. An
examination of Table 2 partially explains this dif-
ference. A single-channel analyser is eightfold less
efficient than a 12-(or greater) channel analyser per
analyte.3 Thus, the 31 706 total bilirubin analyses
carried out on patients at Glasgow Royal Infirmary
on a single channel analyser generates 126 824 units
whereas the same work done at University Hospital
on a multichannel analyser would have generated
only 15 853 units. When the unit 'cost' of calibration
and quality control are additionally taken into
account it can be appreciated why the amount of
labour (that is, the number of units) can be, in
aggregate, as much as twofold different.
The data given in Tables 3 to 5 require some

explanation. By 'professional staff' we mean a
clinical chemist who has, at least, a BSc degree (and
who also often has a PhD degree), several years of
training in clinical chemistry, and a professional
qualification in the discipline of clinical chemistry
awarded by a professional association such as the
Royal College of Pathologists (Britain) or the
Canadian Society of Clinical Chemistry. A clinical
chemist may also possess a medical qualification.
The ratio of actual worked hours to total paid

hours (Table 3-technologist; Table 4-medical
laboratory scientific officer (MLSO)) is 0 90 at
University Hospital and 0-77 at Glasgow Royal
Infirmary. This disparity is due to the educational

system employed in Britain for medical laboratory
scientific officer education. A day-release arrange-
ment (on full pay) allows junior staff to attend tech-
nical college one day each week for the professional
education necessary to pass the examinations leading
to the award of a Higher National Certificate in
Medical Laboratory Sciences. Possession of this
certificate leads to state registration. A British MLSO
is not qualified until he/she becomes state registered.
This usually takes four years of day-release study. In
Canada, the technologist attends a community col-
lege for two years of full-time education to obtain
the registered technologist (RT) diploma, after which
employment can be obtained in a hospital laboratory.
Thus, in Britain professional education is more
highly subsidised by the employer (the National
Health Service) than is the case in Canada. Other-
wise hours of work per week are very similar in each
country (see footnotes to Tables 3 and 4).
The ratio of supervisory technical staff to junior

staff is 1:5-2 at University Hospital and 1:10 at
Glasgow Royal Infirmary. When the number of
professional staff at Glasgow Royal Infirmary is
taken into account (Table 6) this disparity dis-
appears. In constructing Table 4, we have allowed
for those members of the professional staff whose
major commitment has been in method development
or research so that the comparison between hospitals
is strictly on the grounds of the provision of a patient
care service, although we agree that, to an extent,
such a distinction is both artificial and misleading.
Our estimates of productivity are shown in Table

5. The workload recording method unit is based
on '. . . the average technical, clerical and aide time
needed to accomplish each procedure',s and is de-
fined as being equivalent to 1 minute of technical,
clerical, and aide time. The unit values '. . . measure
the time for specimen processing and testing; clerical
work, including logging and recording of results;
supportive activities such as solution preparation and
glassware washing, preparation and reading of
blanks'. All quality control procedures, standards,
repeats, and duplicates are considered as additional
procedures as defined above. Thus a number of
measures of productivity, that is, total output per
input, can be made. These are shown in Table 5. The
measure 'unit per person' is used by the Ontario
Ministry of Health as a rough guideline for the
staffing of independent departments. They have
assumed that each person (ie, full-time equivalent)
should 'generate' about 100 000 units per annum.
Obviously the day-release system operated in Britain
is not allowed for in such a measure but when the
data are adjusted accordingly, a similar ratio is
obtained. For the same reason the 'units per total
paid hours' is misleading in the case of Glasgow
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Royal Infirmary, and correction of this measure
gives a value of about 50 units. Finally, the most
useful measure of all-'units per actual worked
hours'-is very similar in the two hospitals. We can
conclude therefore that the overall efficiency of both
laboratories is comparable.

It can be argued that the laboratory of a large
acute-care hospital will be more efficient than the
laboratory of a small hospital because, in the former,
the batch sizes will be larger and the available staff
can work more efficiently with large specimen :quality
control and calibration sample ratios. We have
chosen a large British hospital, which is likely to be
more efficient than smaller British hospitals, and
compared its productivity with a small Canadian
hospital, which, in turn, is likely to be less efficient
than larger Canadian hospitals. In fact, data pro-
duced by the Ontario Hospital Association6 indicate
that University Hospital had the highest productivity
(measured as units per paid hour) of the 20 Ontario
teaching hospitals in 1977 and that the total cost of
the diagnostic services was in the lowest quartile
among these hospitals. Thus, University Hospital's
productivity compares favourably with teaching
hospitals in Ontario up to 1000 beds in size. This
finding is not entirely unexpected because the
hospital opened only in 1972, and its efficiency, com-
pared with that of older hospitals, should be higher.
The clinical chemistry laboratory in Glasgow

Royal Infirmary was opened in 1976 and it, too,
must be expected to show maximal efficiency and
productivity among British hospitals. Therefore, we
believe that our comparison is very likely valid
because we have chosen two laboratories with
modern facilities working under favourable condi-
tions of space, equipment, and staffing.
One other factor needs to be taken into account.

At University Hospital two technologists work a
'back-shift' (1500-2300) and one technologist works
a 'night-shift' (2300-0700) to provide a limited
routine service and an emergency (stat or priority)
service, whereas at Glasgow Royal Infirmary re-
quests (designated as emergencies) received outside
the normal working day (0900-1700 on weekdays and
0900-1300 on Saturdays) are dealt with by a 'call-
back' system. These different modes of working are
included in Tables 3 and 4, but it is obvious that the
shift-working at University Hospital must reduce
overall efficiency. These different methods of pro-
viding a service are typical of each country's normal
mode of laboratory operation, and this also lends
credibility to our findings.
As clinical chemistry laboratories are among the

busiest services in hospitals we believe that this
small survey indicates that a laboratory in the
British National Health Service is every bit as

efficient as laboratories elsewhere in the world. The
claims2 of low productivity within the National
Health Service may be true during periods of in-
dustrial action but the example we have chosen
demonstrates that in happier times this is not so.

Efficient throughput of test requests in a labora-
tory is of no consequence if the test itself is of no
value in the management of the patient. The low
cost of most clinical chemistry tests8 9 appears to
have misled physicians into thinking that the clinical
chemistry service is cheap. It is not. In the Ontario
teaching hospitals the cost of the clinical chemistry
service is as much as 5% of the annual operating
budget of the hospital. We should ensure, by a con-
tinuing dialogue between laboratory and clinical
services, that the extent of relevant testing is in-
creased. This is where hospital laboratories with
adequate professional staffing can make extremely
useful contributions.
The number of professional staff at Glasgow

Royal Infirmary (Table 6) is sufficient to maintain an
effective dialogue with the clinical services. For
example, the medically qualified clinical chemist on
the duty team at Glasgow Royal Infirmary is res-
ponsible for ward liaison. This duty includes sug-
gestions for further investigations on patients whose
reports have already been issued, monitoring re-
quests and results in acute-care situations, and
generally facilitating ward-laboratory communica-
tion. This function is rarely possible in the Ontario
environment in a regular, on-going fashion because
of the paucity of professional staff. The data in
Table 6 are echoed in the national figures for
Britain'0 and Ontario." Thus there are 28 and 14
clinical chemists per million of population in the
British Health Service and the Ontario hospital sys-
tem, respectively. These data suggest that ward-
laboratory dialogues may be less frequent in the
Ontario hospital environment than in Britain. Cer-
tainly we were impressed during our survey' by the
inverse relation between the number of clinical
chemists and the workload. We agree that other
factors are involved but our experience, and that of
others,'2 suggest that talking to clinicians about
their requests will often reduce the number of tests
required. There is evidence that this can be effec-
tive when weekly out-of-hours emergency test requests
were reduced from an average of 66 to two.13
We have purposely digressed from the main aim

of this work-to compare productivity in two
countries-because we are firmly convinced that,
while this type of comparison is valuable, input:
output statements ignore the relevance of much of
the 'output', and we have tried to stress that a re-
duction in productivity may be associated with a
better service to patients.
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