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federal government.3 Adoption of an NIMC
was confirmed by the Australian Health
Ministers’ Advisory Council in 2004.4 The
NIMC that was chosen originated as a stand-
ard state chart in Queensland,5 and the
overall design of this chart was maintained
in the translation to the NIMC. The NIMC is
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ABSTRACT

Objective:  To compare the national inpatient medication chart (NIMC) with the chart 
previously used at Royal Perth Hospital (RPH) in Western Australia, and with charts used 
at 13 other hospitals across Australia; and to audit NIMC performance in practice and to 
assess its design characteristics.
Design:  Audit of patient prescribing documents extended to include a comparison with 

egated pilot study data and the previous RPH chart. Assessment of design features 
spection, based on their likely effect on medication safety.
ng:  A tertiary public hospital.
 outcome measures:  Compliance with the requirements of chart fields, measured 
e percentage of correct entries according to predetermined criteria as required by 

A Office of Safety and Quality in Health Care.
lts:  Average compliance was 56% (95% CI, 43%–67%). Differences in compliance 

after introduction of the NIMC were variable and only one was classified as “major”. The 
number of charts required per admission increased from 3.1 for the previous RPH chart 
to 6.3 for the NIMC, and chart replacement was required after 2.9 days for the NIMC 
compared with 5.5 days for the previous RPH chart. Of seven advantages of the NIMC 
claimed by the WA Director General of Health in a letter to doctors, five (71%) were not 
confirmed in practice. Ten notable design features of the NIMC with a potential adverse 
influence on medication safety were identified.
Conclusions:  The NIMC contains adverse design features and is inferior to the 
medication chart previously in use at RPH. The purported advantages of introducing 
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a national standard chart were not experienced at RPH.
sta
tio
firA
 ndard national inpatient medica-

n chart (NIMC) for Australia was
st mooted in 2003 by the then

Australian Council for Safety and Quality in
Healthcare (ACSQH),1 and arose from a
national medication safety breakthrough
collaborative,2 which had the support of the

now in place in all states and territories,
although variations exist. It was imple-
mented at Royal Perth Hospital (RPH) by
operational circular OP2080/066 on 26 June
2006 following dispatch of a letter from the
Western Australia Director General of
Health to all clinicians, in which the claimed
virtues of the chart were set out.

An audit of the NIMC in Western Australia
was coordinated by the Office of Safety and
Quality in Health Care of the WA Depart-
ment of Health,7 using criteria adapted from
material provided by the ACSQH and the
National Inpatient Medication Chart Work-
ing Group.8,9 The Drug Usage and Assess-
ment Group (DUAG) conducted this audit on
behalf of RPH, but because design problems
were reported by an ad-hoc working party set
up to examine the NIMC on behalf of the
Drug Subcommittee, DUAG’s audit was
extended to include an evaluation of aspects
which were not part of the official audit. This
approach made it necessary to compare the
NIMC design with the displaced RPH chart
(MR246); this comparison was extended
include to charts from other WA and inter-
state hospitals and is the subject of this study.

METHODS
The NIMC was assessed using three
approaches.

First, we assessed the NIMC’s design by
comparing it with the MR246, four other WA
charts and nine charts from teaching hospi-
tals in New South Wales (3), Victoria (1),
South Australia (2), Northern Territory (1),
Tasmania (1) and the Australian Capital Terri-
tory (1). No comparison with Queensland
charts was attempted because the NIMC was

based on the standard chart previously used
in that state. We also scrutinised the NIMC’s
design elements in relation to their intended
function, in the light of comments from the
ad-hoc internal working party.

Second, we performed a non-comparative
audit of compliance with NIMC provisions
by measuring the degree to which prescrib-
ers completed the individual fields in the
NIMC, as required by the Office of Safety
and Quality in Health Care, using the sug-
gested audit criteria for each field.8 These
criteria were similar to those of the pilot
study.9 Only one criterion (prescription after
documentation of an adverse drug reaction
to a drug in the same class) was a patient-
relevant outcome. Compliance was meas-
ured as the number of true responses for
each criterion, expressed as a percentage of
the relevant denominator. Two criteria (relat-
ing to use of the prohibited term “od” [once
daily] and the use of trade names) were
reciprocally related to improved compli-
ance, and were excluded from the analysis.
The remaining 28 audit criteria were essen-

tially process measures whose relationship
to medication safety is uncertain.

Third, we looked at changes in compli-
ance after the introduction of the NIMC by
comparing compliance with the MR246 and
the NIMC before and 4 months after the
NIMC was implemented for audit criteria
that were applicable to both charts. To place
the changes in context, the corresponding
differences between the RPH NIMC audit
and the aggregated pilot study results9 were
used as a point of reference. For this pur-
pose, the difference in average compliance
between them (−5.2%; 95% CI, −14% to
6%) was deemed to represent interaudit
variation of compliance with the NIMC. We
arbitrarily defined changes greater than 30%
(5 � 6% [upper 95% CI]) as “major”, 21%–
30% as “moderate”, 11%–20% as “minor”
and lesser changes as “trivial”.

Charts for review were selected from six
medical and surgical wards. They comprised
156 MR246 charts from 105 patients (1389
regular, 376 pro re nata [PRN; as needed]
and 320 once-only/premedication and
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nurse-initiated prescriptions) and 177
NIMC charts from 120 patients (1217 regu-
lar, 452 PRN and 354 once-only/premedica-
tion and nurse-initiated prescriptions). The
same NIMC charts were used for the non-
comparative audit of compliance with
NIMC provisions and the assessment of
changes in compliance after the introduc-
tion of the NIMC (approaches 2 and 3).

RESULTS

Assessment of NIMC design
Box 1 compares selected design details of
the NIMC with charts from other WA hospi-
tals. Compared with the previous RPH
chart, the NIMC had a smaller prescribing
area and lacked capacity. Charts from other

states were generally markedly different
from the WA charts and from each other,
often consisting of multifold page designs
with a linear arrangement of prescribing
data across the page or with self-copying
pages for administrative purposes (details
are available from the authors). Thus, there
was marked heterogeneity in the design of
prescription charts nationally before the
NIMC was introduced.

The NIMC introduced some new features
that appeared positive (Box 2). However,
four of the five innovations were unsuccess-
ful or poorly complied with in practice. Five
of seven advantages claimed by the WA
Director General of Health were not realised
(Box 3). In addition, the working party’s
comments led to recognition of 10 design

features that, according to DUAG, were pre-
judicial to medication safety (Box 4). An
example, relating to the design of the PRN
section, is shown in Box 5.

Audit of compliance with NIMC 
provisions (non-comparative)
Excluding the reciprocal measures and the
patient-relevant outcome, compliance over-
all was 56% (95% CI, 43%–67%). However,
the range varied from 2.3% (medication
history completed) to 98.5% (administra-
tion times correlated with dose frequency).
Ninety-seven per cent of all medication
orders were countersigned by the prescriber.
Our results were consistent with corre-
sponding data from the pilot studies, where
mean compliance was 59% (95% CI, 46%–
71%). Interaudit variation, as stated above,
was −5.2% (95% CI, −14% to 6%). The
clinical outcome criterion was uninforma-
tive because of low numbers of events (two
incorrect prescriptions before and one after
NIMC). Of 652 admission days pertaining
to the NIMC charts audited, 91 were signed
as having been reviewed by a pharmacist.

Changes in compliance after 
introduction of the NIMC
A modest non-significant increase in overall
compliance after NIMC implementation

1 Comparison of design features of the national inpatient medication chart (NIMC) with the previous Royal Perth Hospital 
(RPH) chart (MR246) and charts from other Western Australian hospitals

Component NIMC
RPH 

(MR246)
Regional WA 

(MR170)
KEMH 

(MR810)
Fremantle 
(MR830)

SCGH
(401/805)

Background colour White Buff Buff Buff White Buff

Telephone/interim order capacity 9 None 4 3 None None

Medication history section Yes (8 drugs) No No No No No

Variable dose medication capacity 1 4 2 1 2 2

Regular medication capacity

PRN medication capacity

10

7

Combined: 12 Combined: 12 Oral, 9;
injections, 5; 

topical, 4

Combined: 12 Combined: 12

Section for warfarin Yes (not in WA) No No No No No

Prescribing box area (cm2) 0.28 0.40 0.38 0.35 0.30 0.42

Area relative to RPH chart 0.70 1.00 0.95 0.88 0.75 1.05

Dispensing days (regular) 10 14 14 14 9 14

Dispensing days (PRN medications) Not applicable 14 14 14 9 14

Administration times provided Yes, central fold Yes, top page 3 No No No No

Provision for indication Yes Yes No No No No

Provision for TDM (regular medications) No Yes No No No No

Provision for cease date No Yes No Yes No No

KEMH = King Edward Memorial Hospital. SCGH = Sir Charles Gairdner Hospital. “Regional WA (MR170)” was a generic chart previously used in regional WA. 
PRN = pro re nata (as needed). TDM = therapeutic drug monitoring. ◆

2 Aspects of the national inpatient medication chart (NIMC) regarded as likely 
to improve medication safety, with problems in practice or other comment 
in parentheses

• A new section for medication history (completed in only 2.3% of Royal Perth Hospital charts)

• A means of recording the use of slow-release preparations (poorly complied with, possibly 
because of confusion about which drugs should be included)

• Altered provision for discharge medications by circling inpatient drugs, intended to avoid 
transcription errors (increased waiting times at discharge and inadequate specification of 
Schedule 8 poisons)8

• Provision for entering the indication for each drug (low compliance; 8.9%)

• A direction to write the times of administration of each drug (high compliance; 98.5%) ◆
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(6%; 95% CI, −0.2 to 13%) was noted.
Details of the changes in the 28 individual
audit criteria are available from the authors.
A major difference was found in the percent-
age of signatures attached to the adverse
drug reaction (ADR) section (from 8% to
75%). Moderate differences were noted for

the criteria: “No. of regular medication
orders with administration times given”
(70% to 96%); and “No. of medication
orders signed by the prescriber” (73% to
97%). Minor differences were found in: “No.
of ADR details documented” (54% to 66%);
“No. of medications with route present,

clear and appropriate (all orders)” (76% to
88%); “No. of PRN orders with an indica-
tion documented” (9% to 25%); “No. of
PRN orders with a max. dose documented”
(8% to 20%); and “No. of orders with
pharmacist annotation including supply”
(40% to 55%). Compliance with the cri-
terion “No. of medications with frequency
clear and correct” fell from 82% to 70%.

Because of reduced capacity of the NIMC,
the number of charts used per admission
doubled from 3.1 to 6.3 after it was intro-
duced (P < 0.001). This was not a result of
differences in median length of stay (both 15
days), and occurred in spite of a lower
number of regular medications per patient
(13 for the MR246 and 10 for the NIMC).
Rewriting charts because prescribing charts
were full was required every 2.9 days
(NIMC) compared with every 5.5 days pre-
viously. These changes increased both staff
workload and the risk of transcription
errors.

DISCUSSION

We found marked heterogeneity of chart
design nationally that implementation of the
NIMC has largely abolished. In addition, the
NIMC introduced several novel features that
might reasonably be expected to increase
medication safety, although, in practice, sev-
eral of these hopes were not realised (Box 2).
We were also concerned about several
aspects of the NIMC implementation and
design, as follows:
• The rationale for a standard chart was
based largely on supposition. The Office of
Safety and Quality in Health Care justifica-
tion was: “Work conducted nationally has
demonstrated that safety and efficiency of
the prescribing process can be improved by
changes to the medication chart”.10 The
NIMC summary rationale stated: “Most of
the benefit of having a National Medication
Chart . . . comes from having a greater
awareness that the prescribing process can
result in direct patient harm. . .”.11 These
statements were not referenced, and the
former merely reflects the truism that medi-
cation charts should be well designed. No
peer-reviewed study has reported that varia-
tion in prescription charts is an important
cause of prescribing error, and the possibil-
ity was not mentioned in the Quality in
Australian Health Care Study12 or detailed
literature searches.13 How the new chart
provides the greater awareness referred to
above is unclear.
• Differences between charts might have
been beneficial insofar as they reflected the

4 Description of 10 design features identified as likely to compromise 
medication safety by Royal Perth Hospital’s Drug Usage and Assessment 
Group

Feature Reason for concern

Variable doses Limited to only one drug.* Suitable only for drugs whose dose is 
changed daily.

PRN medications Separate section for PRN drugs with fixed ratio of regular and PRN 
spaces (promotes wasteage). Uniquely, each column represents a 
single dose so successive doses regardless of day or date are 
entered horizontally from left to right.

Duration of therapy Decreased from 14 to 10 days (regular medications). Increases chart 
turnover, case record bulk, and the need for junior medical staff to re-
write charts (see Results), and hence the risk of transcribing error.

Colour White. More difficult to identify among medical records.

Position of ancillary 
information

Inner centrefold margins. Information is obscured when charts are 
stapled together (for which there is an increased need — see 
Duration of therapy, above).

Provision for TDM 
(regular medications)

Absent. This limits a recognised “quality use of medicines” activity.

Cease date Absent. Important for antibiotic prescribing. 

General treatment Absent. Removed the capacity to enter general comment, ancillary 
treatments such as stockings for thromboembolic disease, etc.

Page 1 cut-out† Decreased chart area (by 10%) for no real gain.

Discharge medications 
section

Absent. Specified by circling four questions placed at the right-hand 
end of each inpatient prescription (see text).

* Compared with four drugs on the chart previously used by Royal Perth Hospital (MR246).
† Section of page 1 cut away to reveal patient identifier details, entered on page 3. 
PRN = pro re nata (as needed). TDM = therapeutic drug monitoring. ◆

3 Advantages claimed for the national inpatient medication chart by the 
Western Australian Director General of Health in his letter to clinicians 
dated 15 May 2006, and achievement of these aims in practice at Royal 
Perth Hospital

Aim of the national inpatient medication chart Achieved

To reduce the potential for inaccurate dosing through the separation of PRN, 
regular medicine, variable-dose and nurse-initiated medications

No

To reduce the potential for drug name confusion by limiting the ordering of drugs 
using trade names

No

To reduce the need for interpretation by requiring the prescribing officer to enter 
administration times

Yes

To limit the use of abbreviations known to cause error No

To improve access to information to assist decision making, including

(a) information about medication history, and No

(b) known allergies Yes

To provide for daily review of medication orders by a clinical pharmacist or delegate No*

* Refers to achievement in practice of daily pharmacist review. PRN = pro re nata (as needed). ◆
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needs of individual institutions. For
example, the displaced chart from King
Edward Memorial Hospital provided for
creams and lotions used in gynaecological
and obstetric practice. A standard chart
causes these benefits to be forfeited (Box 1).
• The development of the NIMC did not
rely on a systematic review of the currently
available charts, but on translation of a chart
previously in use in Queensland. We are
uncertain of the reason for the ready adop-
tion of the Queensland chart, other than a
wish to avoid duplication of effort. We
could find no web-based documents men-
tioning the possibility that hospitals with a
satisfactory chart might be disadvantaged by
the change to the NIMC.
• The process-based Office of Safety and
Quality in Health Care audit criteria8 meas-
ure only the extent to which the various
chart fields are correctly completed. For
example, 53% compliance was obtained in
the NIMC requirement for the first pre-
scriber to print the patient name under the
identification label (a “key principle” of the
ACSQH14). In this process, the name may
simply be copied as a matter of course, and
the requirement may be a waste of the
prescriber’s time. Thus, reasonable compli-
ance may give the appearance of benefit
without real substantial change.
• Some features that appeared to be posi-
tive initially were found by us to have
adverse outcomes and need to be reconsid-
ered. For example the change in respect of
discharge drugs (Box 2) has increased
patient waiting times at discharge from 55
to 95 minutes. This unexpected result
arises because the circling method in the
NIMC is not completed as was intended,
and omits necessary information such as
full details for Schedule 8 drugs. In addi-
tion, the NIMC contains several design
elements that, in our opinion, detract from
safe use of medicines (Box 4). These short-
comings were not and could not have been
revealed by the “official” audit criteria. Staff
using the NIMC were affected by its
cramped design, low capacity, lack of col-
our, and poor provision for variable dosing.
The increased need to rewrite charts is an
imposition on prescribers and increases the
risk of transcribing errors. The advance
claims for the benefits of the NIMC (Box 3)
made by the WA Director General of Health
(which mirrored those made by the
ACSQH11) were exaggerated.

Our study is critical of the NIMC chart
design, but is limited by the uncertain rela-
tionship between design, compliance with

design requirements, achievement of
desired functional outcome and medication
error rates. In addition, the use of a chart by
prescribers may improve over time with
increasing familiarity. We are not in a posi-
tion to claim that the NIMC is inferior to all
charts in use before the national roll-out, or
that it has increased error rates. However,
the explicit rationale for the chart was that
improved design and standardisation would
decrease error rates, so the logical conclu-
sion if this criterion is not met is clear. The
number of changes after the implementation
of the NIMC deemed to be major, moderate
or minor according to the preset audit crite-
ria is sensitive to the definition of arbitrary
thresholds. Two changes defined as moder-
ate changed by 21%–30%, and in the
remainder, the changes were 20% or less.
We believe that the thresholds used are

reasonable, but are aware of the subjective
element implicit in the classification.

Error theory from the aviation industry
referred to as the SHEL model,15 which has
been applied in health care,16,17 recognises
that errors are caused by adverse interactions
between system components including
“environment”. In this case, environment is
the background system of drug regulation
and sociopolitical factors such as the contri-
bution of management to policy implemen-
tation. The NIMC would not have been
introduced without the involvement of the
Australian Health Ministers’ Advisory Coun-
cil and ACSQH, whose joint authority acted
as a forcing mechanism for implementation
with little further creative input. For
example, there was no field testing in any
WA teaching hospital. The official audit
relied on surrogate markers of benefit, which

5 Prescriptions for oxycodone in the PRN section of the national inpatient 
medication chart (top) and in the combined prescription panel in the Royal 
Perth Hospital chart MR246 (bottom)

Successive doses are written horizontally in the national inpatient medication chart (NIMC) — 
a novel design feature — but vertically in MR246 (and all other pre-existing charts). Thus, each 
column represents a specific dose in the NIMC but a specific date in the displaced charts. The 
NIMC grid is cramped but entries consume more chart space, and time-related changes in the 
requirements for the drug are obscured, whereas in MR246 this is apparent by inspection. Note 
also alternate day shading in the MR246, which aids visual inspection, and the buff colour, which 
allows easy identification in case records.

PRN = pro re nata (as needed). ◆
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tend to give the appearance but not the
substance of quality. Finally, the mandated
implementation prevented adequate dis-
cussion of the NIMC by drugs and therapeu-
tics committees within individual hospitals.
These problems highlight essential disadvan-
tages of a “top-down” system of health
administration in which solutions to prob-
lems are imposed rather than negotiated.

In summary, we conclude that the NIMC
chart is inferior to the medication chart
previously in use at RPH, and that the
process of implementation was flawed. The
purported advantages of introducing a
national standard chart with respect to med-
ication safety were not experienced at RPH.
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