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Effects of a computerised protocol management
system on ordering of clinical tests

P G Nightingale, M Peters, D Mutimer, J M Neuberger

Abstract
Objective-To assess the effects of a com-
puterised protocol management system
on the number, cost, and appropriateness
of laboratory investigations requested.
Design-A before and after intervention.
Setting-A supraregional liver unit in a

teaching hospital.
Patients-1487 consecutive patients
admitted during 1990 and 1991 (one year

before and one year after introduction of
the system).
Intervention-Introduction of a com-

puterised protocol management system
on 1 January 1991.
Main measures-The number and cost of
clinical chemistry tests requested per

patient day.
Results-The total number of clinical
chemistry tests requested per patient day
by the unit declined 17% (p < 0-001,
Student's t test) and of out of hours tests
requested per patient day from 0-31 to
0 16, 48% (p < 0-001; Mann-Whitney U test),
resulting in a 28% reduction (p < 0-001) in
direct laboratory expenditure per patient-
day. Overall, the number of tests per

admission decreased by 24% (p < 0-001;
Mann-Whitney U test).
Conclusion-Use of the computerised
protocol management system resulted in
closer compliance with the protocols and
a significant reduction in the overall level
of requesting.
Implications-Although similar systems
need to be tested in other clinical
settings, computerised protocol manage-
ment systems may be important in
providing appropriate and cost effective
health care.
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Introduction
Although often controversial,' protocols are

essentially just formalised approaches to
managing patients and as such should provide
a way of improving the appropriateness of
investigations performed.2 However, where
protocols have been devised they have not
always been adhered to, owing, among
other reasons, to the continual need to train
new staff in their use and, perhaps more

importantly, to the difficulty in applying
routinely several, sometimes quite complex,
rules simultaneously.
The liver unit at this hospital is a specialist

unit with a particular interest in liver failure
and transplantation and is a secondary and
tertiary referral centre for patients with serious

liver disease. It is a significant user of labora-
tory resources, requesting 63 871 clinical
chemistry tests in 1990 (10-1% of the total
workload of the clinical chemistry laboratory at
this hospital), and is the main source of
requests for many of the more complex and
expensive investigations in the laboratory's
repertoire. In 1989 the unit had devised a set
of laboratory investigation protocols in an
attempt to improve the appropriateness of its
laboratory requesting. However, the
complexity of some of these protocols (see
appendix for examples) made it extremely
difficult for house officers to comply with them
exactly when requesting investigations.

It was this complexity that prompted us to
design a computerised protocol management
system for the unit. This decision support
system expressed the unit's existing investi-
gation protocols (see appendix) in the form of
rules based on information regarding each
patient's current clinical state (for example,
assessment, transplant, etc) and latest patho-
logical results. By evaluating these rules, the
system proposes the investigations to be per-
formed on each patient on the following day.
Once these proposals have been authorised,
with modification if required, labels for request
cards and specimen tubes are printed.
The computerised protocol management

system was introduced into the unit on
1 January 1991. A study was undertaken to
assess whether the routine use of such a
system had any effect on the time spent by
house officers requesting laboratory investi-
gations and inquiring about specimens or
results; the appropriate use of laboratory
services; and the training of the junior clinical
staff. This study was not concerned primarily
with the effects of the protocols themselves but
with the effects of using a computer system to
implement them. After introduction of the
system the time house officers spent requesting
laboratory investigations and inquiring about
specimens or results was reduced 59%.3 A
broad comparison of two three-month periods
before and after the introduction disclosed
significant decreases also in the number of
clinical chemistry tests requested for both
transplant and non-transplant recipients
(10% and 29% respectively).

In this paper we report in detail the clinical
chemistry requesting of the unit in the year
before and the year after the introduction of
the system. We determine the effect the system
had on the requesting behaviour of the house
officers and attempt to assess whether the
system trained them to request more
appropriately.
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Methods
PROTOCOLS
The investigation protocols (see appendix) for
each category of inpatient seen in the unit had
been developed by the senior clinicians in an
effort to improve the appropriateness of the
investigations requested. They consisted of a
combination of static and dynamic rules: static
rules are those which propose investigations
for any patient with a certain classification for
a specified number of days (for example,
"propose liver function tests for any transplant
recipient on each of the first 14 days");
dynamic rules are those which use the results
of previous analyses to determine which
investigations to propose (for example, "if a
transplant recipient's latest potassium result is
>5.1, propose urea and electrolyte tests for
that patient tomorrow"). Thus the investi-
gations proposed for a patient within a
particular category will consist of the "core"
set of investigations proposed for all patients
in that category plus any additional proposals
triggered by the results of previous analyses.

Before the introduction of the protocol
management system the complexity of these
protocols had prevented them from being
implemented properly. In particular, it was
known that for many patients investigations in
the assessment protocol (see appendix) were
frequently omitted and that some of the more
common investigations were repeated more
often than necessary.
When introduced into the unit, the com-

puterised protocol management system had
been using the existing protocols. Four
months after a modification was made, as
follows. Previously, a plasma calcium measure-
ment was automatically requested whenever
liver function tests (albumin, alkaline phos-
phatase, aspartate aminotransferase, and total
bilirubin tests) were requested; subsequently
a plasma calcium measurement had to be
requested specifically. No other major changes
were made in the year after introduction of
the system, although the original "assess-
ment" classification has since been replaced
with several disease-specific classifications
(for example, "Wilson's disease assessment"),
each with their own investigation protocol.

COMPUTERISED PROTOCOL MANAGEMENT
The system45 was written in MUMPS and
was implemented on a 386 personal computer
linked to the hospital patient administration
system and to the clinical chemistry
laboratory's computer system in order to
receive patient details and test results.
For each admission to the unit the house

officer must enter into the system the clinical
categories applicable to that patient. He or she
must also alter the classifications of current
inpatients when necessary (for example, if a
patient undergoes transplantation). Classifying
a patient takes only seconds but is crucial to
the proper functioning of the system, as these
clinical categories determine which protocols
are applied to each patient. The system uses
the information entered by the house officer,
together with the latest available results

(obtained automatically from the appropriate
laboratory computer system), to propose the
investigations to be performed on each patient
on the following day. For any patient the
house officer may view on one screen page or
more all the investigations proposed for that
patient on the following day and can accept or
modify these proposals as required. This is
usually done at the end of the normal working
day (so that as many results as possible have
been received from the laboratory). Once the
house officer has accepted or modified the
proposals for each patient, the request and
specimen labels to be used the following day
can be printed in one batch. It is thus in the
house officer's own interest to ensure that
patients are properly classified so that the
appropriate investigations are proposed auto-
matically and the number of modifications
minimised.
New house officers are trained in the use of

the system by their senior colleagues within
the unit, a typical training session lasting
about an hour. The management system con-
tains extensive on-screen help, obviating the
need for staff to be issued with handbooks,
although a user manual is available for
reference. Displayed on the terminal is a tele-
phone number to ring for hardware and soft-
ware support (which is available during normal
working hours). Further training is gained by
discussion with colleagues after hands-on use
of the system. Although additional training
sessions are available on request, they have as
yet not proved to be necessary.

FEEDBACK
The system automatically records any
result received from the clinical chemistry
laboratory's computer for a patient in the unit
and also determines whether this investigation
was proposed by the protocol management
system. With this information a monthly
summary of the investigations performed on
these patients is provided to the consultants,
showing the total number of requests for each
investigation, for patients in each clinical
category, and for each day of the month. For
each of these totals the proportion of requests
proposed by the protocols is also shown,
giving some measures of "protocol perform-
ance." This information is used by the
consultants as a basis for regular discussion
with the junior staff regarding possible amend-
ments to their current practice or to the pro-
tocols (for example, expanding the number of
patient classifications, adding further dynamic
rules and modifying the existing rules, etc), or
both. Thus the performance of the protocols is
constantly being reviewed in the light of the
latest information, and the original protocols
have now been considerably enhanced.

SETTING
The study involved 1487 consecutive patients
admitted to the unit in the year before and the
year after the introduction of the computerised
protocol management system (calendar years
1990 and 1991 respectively). Details of all these
patients, such as their hospital registration
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number, date of admission, date of discharge,
and clinical category, were obtained from
the unit's database, a system independent of
the protocol management system. Data on the
clinical chemistry tests requested for each of
these patients were obtained from the labora-
tory computer system. Since the laboratory
system only provides information to the
protocol management system and does not
receive any data from it the sources used for
the patient data and for the investigation data
should both be totally unaffected by the intro-
duction of the protocol management system.

ANALYSIS

Total use of laboratory services and out of
hours use were analysed in terms of the
number of tests per patient day, for the unit
overall and for each category of patient
because of a strong linear relation (correlation
coefficient 0-89) between the number of
investigations requested for patients and the
length of bed stay of patients. Considering the
number of tests per patient day effectively
ignores any variation in usage which is merely
reflecting a change in the mean bed stay.

Direct costs of laboratory tests were

calculated by the method of Broughton and
Hogan6 and used to examine the effect of the
system on laboratory expenditure. Com-
parisons between the periods before and after
the introduction of the system were made
using two-sample Student's t tests or Mann-
Whitney U tests, as appropriate. Since there
was an investigation protocol for each category
of patient admitted to the unit no subset of
patients could be used as a meaningful control
group.
Although it was possible to assess in some

detail the effect of the protocol management
system on the clinical chemistry requests of
the unit, no attempt was made to detect any
change in patient outcome due to the intro-
duction of the system: although survival rate
could have been used as an outcome measure

for patients undergoing transplantation, their
clinical states varied to such a degree that
thousands of patients would have been
required to detect any significant effect;

for many of the other patient categories
(for example, initial assessment) there was no

obvious outcome measure.

The total number of results received by the
system for patients in the year after its intro-
duction was obtained from the system, as was

the total number of these investigations
proposed by the protocols: these figures were

used to calculate an overall measure of
"protocol performance."

Results
USAGE AND EXPENDITURE

Tables 1 and 2 show the number of patients
admitted to the unit, their mean bed stay, and
details of the clinical chemistry usage per

patient and per patient day and direct
expenditure per patient day for each clinical
category before and after the introduction of
the computerised protocol management system.
Overall, the total number of tests requested
per patient day declined significantly, by 17%
(p <0001, Student's t test; table 2). In
addition, the number of out of hours tests
requested per patient day fell from 0-31 to
0-16, a 48% reduction (p<0-001; Mann-
Whitney U test). Use of the system therefore
reduced the total clinical chemistry requesting
per patient day and greatly reduced the much
more expensive out of hours requesting,
resulting in a significant overall reduction in
direct laboratory costs of 28% (p < 0 00 1,
Mann-Whitney U test; table 1).

Table 3 shows for the periods before and
after the introduction of the system the number
of requests per patient day for urea and
electrolyte tests (creatinine, potassium, sodium,
and urea tests), liver function tests, bone
profile (albumin, alkaline phosphatase, calcium,
and total protein tests), calcium tests and
others (that is, none of the above). Although
part of the bone profile, calcium is shown
separately since there was an immediate and
sustained reduction in the number of bone
profiles requested whereas the number of
requests for calcium measurements per patient
day fell by 50% after the introduction of the
system and by a further 90% after the change
in protocols.

Table 1 Number (percentage) of patients, bed stay, and direct costs of clinical chemistry investigations for each category of patient one year before and
after introduction of computerised protocol management system

Category of patient No (Yo) of patients Bed stay per patient (days) Direct costs per patient day ([)

Before After Beforet Aftert % Change Mann- Beforet Afterj % Change Mann-
Whitney Whitney
statistic statistic

Initial assessment 177(27) 153(18) 7-5(4-12) 10 0(5-15) +33 3.04* 2 54(137-461) 2-46(1 54-3-83) -3 0-21
Reassessment (routine) 33(5) 67(8) 6 0(4-9) 5-0(4-10) -17 0-14 0-35(0-21-094) 0-76(0-21-1-94) +117 1-38
Reassessment (problem) 30(5) 45(5) 16-0(5-30) 8 0(5-13) -50 2.41* 1 67(121-2-25) 0-83(0 38-1 23) -50 3-24**
Transplant 106(16) 112(13) 20 0(6-24) 18 0(6-25) -10 0-58 2-84(1944-18) 2-51(1-86-3-42) -12 1-46
Post-transplant (problem) 84(13) 112(13) 7-5(3-14) 6-5(3-14) -13 0-31 1-65(1-03-2-37) 1-43(0-78-1-90) -13 2-44*
Post-transplant 41(6) 48(6) 2-5(2-3) 3-0(3-4) +20 5-18*** 1-16(0-91-1-52) 0-72(0-60-1-34) -38 3-09**

(t tube removal)
Post-transplant 86(13) 146(18) 2 0(2-3) 3 0(2-3) +50 1-87 1-29(0-91-1-43) 0-86(0 74-1-29) -33 5 50***

(annual review)
Emergency 39(6) 62(7) 4 0(3-5) 4-5(3-7) +13 1-21 2-34(0-91-3-77) 1-68(0.60-2 56) -28 1-74

(acute hepatic failure)
Emergency 32(5) 19(2) 13-5(3-21) 10 0(4-16) -26 0-91 2-92(1-93-5-59) 2-44(0.92-3-49) -16 1-20

(acute problem -

chronic disease)
Other 26(4) 69(8) 1-0(1-5) 2-0(1-3) +100 0-20 0-00(0-00-1-16) 0-12(0-00-1-19) 0.10

Overall 654(100) 833(100) 5-0(3-15) 5-0(3-12) 0 1-09 1-79(0-94-2-96) 1-29(0-71-2-37) -28 6-86***

tMedian (interquartile range) values.
*p < 0.05, **p < 0-01, ***p < 0-001.
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Table 2 Total clinical chemistry usage for each category of patient one year before and alter introduction of comnputet. ed protocol boanaqcient system

Categon' of patielt

e

I,()tal tests pao patitait

Afteft ",, Chianie Xlaonnui-IF/t1,
Slatlti~li

7ialtests pr pasti.ent da

3,/( et 'fhlt " ( T Str ldot 1.
I tSt tllsth

Initial assessment 48 0(33 73) 45m0(31-81) 0 010 7 1 2 9) 5 4 3 (U)25 52 3***
Reassessment (routine) 22'0(14 37) 22 0(15 32) 0 0 26 4 8' 3 7('27) 2 2 19
Reassessment (problem) 12090(5Y7 209) 46 0(24-70) 62 4 04*** 727( 1F 6( 3 3) 10 2**
Transplant 203 0(45 270) 1755(50-253) 14 1 28 11 0(22) '16(3 3) 13 3 37*
Post-transplant (problem) 56 5(24 114) 41 5(20-88) 27 39 718(25) 6) 9(2-3) 11 ' 6l*
Post-transplant (t tube removal) 1 6-5(11 19) 17 5(9-22) +6 0 27 6-6(4 0) 5 0(291) 25 2-41*
Post-transplant (annual review) 180(15 20) 185(15 22) +3 0)49 7 (4 1) 6-6(2"9) 12 1 73
Emergency (acute hepatic failure) 24 5(21 49) 40 0(21-66) +63 1 41 6 7(38) 7-8(40) +1 3
Emergency (acute problem chronic disease) I45-0(26 191) 71 0(31-154) 51 1 39 11 1(4 2) 8 0(4 1) 28 ' 57*
Other 0 0(0 45) 8(0(0 16) 0 04 6-2(4 3) 5m5(4 1 07)3

Overall 38 0(18 114) 2990(16-72) 24 4 03*** 8'5(3 6) 0(3-5) 1 . 1

tMedian (interquartile range) values.
tMean (standard deviation) values.
*p <K 05, **p < 0(31, ***p < 00(0 1.

It is evident from tables 2 and 3 that a

large part of the overall reduction in clinical
chemistry usage was due to substantial
decreases in the numbers of requests for bone
profiles and calcium measurements. However,
even if both these investigations are excluded
from the analysis there are still significant
reductions in usage overall, with the number
of tests requested per patient decreasing by
16"'/o and the number of tests per patient-day
decreasing by 5%.

PROl OCOL P'ERIORNMANC E

Figure 1 shows that for 10 of the less common
tests the degree of compliance with the
existing protocols increased significantly after
introduction of the system. Compliance was

calculated as the percentage of those patients
requiring a particular investigation (according

to the protocols) who were actually tested. It
was less than 1000%o because some investi-
gations proposed by the system were not done,
as results from other hospitals were already
available. In addition, a comparison of patients'
classifications on the system with their notes
disclosed that some patients had been
incorrectly classified.

Improved compliance resulted in an increase

in the usage of some of the less common tests,
which generally tend to have higher unit costs.
Most of the tests in figure 1 were requested
for patients undergoing initial assessment,

which explains why, for this category, a 25%
decrease in the total number of tests requested
per patient day (table 2) resulted in only a 30/0
decrease in direct laboratory expenditure per
patient day (table 1).

In the year after its introduction the system
received 60 546 results of clinical chemistry
investigations on inpatients in the unit,

50 367(83%0) of which were proposed by the
protocol management system, which is one

measure of protocol performance. Deter-

Before After
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antibodies
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Copper

Ferriti n

Immunoglobulins

Iron

Smooth muscle
a utoa nti bodies
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stimulating
hormone
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% Compliance
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Figure 1 (C'omopliance ot(7 10 letss Commono1v requested
testt otiL year befOrc actd a/ter ititroducotio(l (Of Cooptlterisc
pot(wC l tm ina')cim elnt lvIt Iln

mining how many investigations the protocols
would have proposed if they had been
followed exactly was not possible, as if a test
proposed by the protocol is not requested
there is no way of knowing whether the result
would have generated another proposal
(through a dynamic rule - see appendix).

VARIATION

Although the investigation protocols con-

tained in the system provide a structured
approach to laboratory requesting, the distri-
bution of the mean number of clinical

ableb 3 Numbers of clinical cheoistr'l reqnusts per paotiet day cone seca before and after imntroductiOn (ofCL'M11putte7iC
protocol management xs'te)n

Requosts Bejo)t At t StaC Ita. Alalwl"'/oiezxSta0iti

Plasma urea and electrolstes 067(042--0935) 0o56(0 33-0.83) 106 2"32
Liver function tests 0 60(0 39 0-88) 0 50(033 080) 17 192
Bone profile 0 40(017 (0)67) 0 00(0 00-0 I(100) 18 4***
Calcium 0 50(0 33 0 72) 0(07(0(00-0 25) 86 16 3***
Others 1 27(0 50) 267) 1 38(0 33 3 14) +9 0(32
tMedian (interquartile range) values.
*p < 0O05, ***p <0(00 I.
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Figure 2 Distribution of mean number of tests per
patient day for patients in transplant category, one year
before and after introduction of computerized protocol
management system

chemistry tests per patient day for patients in
the "transplant" category before and after the
introduction of the system (fig 2) displays
greater variation between patients (coefficient
of variation 26% before and 33% after intro-
duction of the system). This suggests that this
system is flexible enough to allow more

detailed investigation of those patients who
require it. Much of this flexibility arises from
the dynamic protocols, since the frequency
with which some tests are requested is
dependent on previous results (see appendix);
the remainder is due to the freedom of the
house officers to ask for additional investi-
gations if required (17% of all tests were

requested in this way).

Discussion
The potential advantages of computerised
decision support systems have long been
known,7` but currently there are few such
systems in routine use. In our study the intro-
duction of the computerised protocol manage-
ment system reduced both total and out of
hours clinical chemistry requesting per patient
day, resulting in an overall reduction in direct
laboratory costs (table 1). However the
purpose of this study was not to cut costs but
to promote more appropriate use of laboratory
services.
A computerised protocol management

system can only be as good as the protocols it
contains, and clinicians in other hospitals
might regard some of the investigation
protocols used in this study as inappropriate.
However, if an investigation is defined as

(locally) appropriate if it is one required by the
protocols (that is, deemed by the senior
clinicians to be appropriate), then the system
corrected not only overutilisation (as shown by
the overall reduction in usage (table 2)) but
also underutilization of the laboratory (fig 1).
Clearly scope still exists for improving the
appropriateness of laboratory testing, perhaps

by refinement of the existing protocols and
certainly through the implementation of more
specific protocols.

This system is a tool to be used by the house
officers in the course of their normal duties
and is designed to alleviate the drudgery of
some of their more mundane tasks. It does
not remove or diminish the house officers'
role in the laboratory investigation of their
patients since they are able at any time to
request a set of investigations which is
different from that suggested by the system.
However, the monthly feedback provided
to the consultants enables the requesting
patterns of junior staff to be monitored
closely. The senior clinicians discuss any
regular and systematic deviations from the
protocol with their house officers, thus
educating them in the appropriate use of
laboratory services.
The efficacy of the protocols can be

judged by measures of protocol performance
(for example 83% of all tests requested were
proposed by the protocols), although it is
not possible to state a standard level of
acceptability with which to compare such
measures. However, if the protocol per-
formance were poor little or no time saving
would be achieved through using the system
and the monthly feedback would show
systematic deviations from the protocols.
Since neither of these is true for this system,
and accepting that there will always be the
need to perform additional tests on very sick
patients, the protocols used seem to be
performing well.
The introduction of the computerised

protocol management system has several
implications for the quality of patient care:
patients are more likely to be investigated in a
manner deemed appropriate by the con-
sultant, which will improve the information
available, enabling better decisions on patient
management; resources are used more appro-
priately and therefore more effectively; and the
decreased amount of time spent by the doctor
performing routine tasks allows more time for
medical activity.
The system described here was introduced

into a specialist unit and was concerned only
with pathological investigations. However, a
similar approach could be adopted in any
setting in which investigation protocols pertain.
In particular, there is a need to extend the
scope of the system to include other laboratory
services such as radiology and to implement
the system in other clinical settings. Indeed a
second system has been in routine operation in
another specialist unit'0 for over a year and a
further two have just been introduced into
general medical settings. As more hospitals
begin to use these systems there will be the
potential to compare different protocols for
the same clinical conditions with a view to
establishing a wider consensus on appropriate
investigation. We believe that computerised
decision support systems such as these provide
a much more structured approach to investi-
gation and therefore will play a major part in
the health care process.
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Appendix

Examples of investigation protocols

A PROTOCO1 1FOR Pi IFNTS IN TIPR\NSPI-ANTI
(AIl'1ORY

Static rides
The following investigations will be proposed:
Liver function tests on days 1 to 16 and ever
three days thereafter
Full blood count on days 1 to 16 and every
three days thereafter
Prothrombin time on days 1 to 16 and every
three days thereafter
Urea and electrolytes on days 1, 2, 3, 4, 5, 6,
8, 10, 13 and every three days thereafter
Cyclosporin every dav
Magnesium on days 2, 9 16

Dvniannci'll/crs

(All rifles applv to latest resonlts or, in the case of
differences betzweeni results, to the last tzwo results.)

If potassium >5-5 mmol/l or <3 mmol/l
propose urea and electrolyte tests today
If potassium >5 1 mmol/l or <3 4 mmol/l or
has changed by more than 0-4 mmol/l, or if
urea >20 mmol/l or (if day <11 and urea >1I0
mmol/l) or if urea has changed by more than 4
mmol/l, or if creatinine >210 [tmol/l or (if day
<11 and creatinine >110 Olmol/l) or if
creatinine has changed by more than 25 Wmol/
1, propose urea and electrolyte tests tomorrow
If urea >15 mmol/l, or if creatinine >160
mmol/l, propose urea and electrolyte tests for
the day after tomorrow, unless above rule is
proposing urea and electrolytes tomorrow
If albumin <20 g/l, or if bilirubin >50 [Lmol/l
or has increased by more than 10 VLmol/l, or if
aspartate aminotransferase >50 iu/l or has
increased by more than 10 iu/l, or if alkaline
phosphatase >400 iu/l, propose liver function
tests tomorrow

1, 'ROTO01L 1FOR PAIIINIS IN AS5 IFSSM\l NI
( .All'-(( 1()15

(All thi r/es1fiwtf1olst t7Oc1 stcltict Oil/s)
The following investigations to be proposed on
day 2:
Liver function tests
Full blood count
Prothrombin time
Urea and electrolyte tests
Ionised calcium
Total protein
Creatinine clearance
Blood gases
Blood grouping
Alphafetoprotein
Alphal -antitrypsin
Antimitochondrial antibodies
Antinuclear antibodies
Caeruloplasmin
Copper
Ferritin
Immunoglobulins
Iron
Smooth muscle autoantibodies
Thyroid stimulating hormone
Transferrin
The following investigations to be proposed on
dav 8 and every seven days thereafter:
Liver function tests
Full blood count
Prothrombin time
Urea and electrolytes
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