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Abstract

Background: Inappropriate prescribing of diagnostic procedures leads to overdiagnosis, overtreatment and
resource waste in healthcare systems. Effective strategies to measure and to overcome inappropriateness are
essential to increasing the value and sustainability of care.

We aimed to describe the determinants of inappropriate reporting of the clinical question and of inappropriate
imaging and endoscopy referrals through an analysis of general practitioners’ (GP) referral forms in the province of
Reggio Emilia, Italy.

Methods: A clinical audit was conducted on routinely collected referral forms of all GPs of Reggio Emilia province.
All prescriptions for gastroscopy, colonoscopy, neurological and musculoskeletal computerised tomography (CT)
and magnetic resonance imaging (MRI) from 2012 to 2017 were included. The appropriateness of referral forms was
assessed using Clinika VAP software, which combines semantic analysis of clinical questions and available metadata.
Local protocols agreed on by all physicians defined criteria of appropriateness. Two multilevel logistic models were
used to identify multiple predictors of inappropriateness of referral forms and to analyse variability among GPs,
primary care subdistricts and healthcare districts.

Results: Overall, 37% of referral forms were classified as inappropriate, gastroscopy and CT showed higher proportions
of inappropriate referrals compared to colonoscopy and MRI. Inappropriateness increased with patient age for CT and
MRI; for gastroscopy, it was lower for patients aged 65-84 compared to those younger, and for colonoscopy, it was
higher for older patients. Fee exemptions were associated with inappropriateness in MRI referral forms. The effect of
GPs' practice organization was consistent across all tests, showing higher inappropriateness for primary care medical
networks than in primary care medical groups. Male GPs were associated with inappropriateness in endoscopy, and
older GPs were associated with inappropriateness in musculoskeletal CT. While there was moderate variability in the
inappropriate prescribing among GPs, there was not among the healthcare districts or primary care subdistricts.
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Conclusions: Routinely collected data and IT tools can be useful to identify and monitor diagnostic procedures at high
risk of inappropriate prescribing. Assessing determinants of inappropriate referral makes it possible to tailor educational

and organizational interventions to those who need them.

Background

The burden of inappropriate use of diagnostic proce-
dures can be seen worldwide; its impact on patients’
health and quality of life can include overdiagnosis, over-
exposure to radiation, complication due to invasive pro-
cedures and overtreatment [1-3]. Moreover, its impact
on sustainability is an additional issue, especially in uni-
versal health care systems, where it leads to resource
waste, increase in costs and longer waiting lists [4].

Thus, tackling inappropriateness is worthwhile. To do
so requires identifying its drivers; strategies to overcome
barriers to appropriate prescribing would thus increase
the value of care [3]. In 2017, experts from 19 countries
who are members of the European Society of Radiology
defined a list of critical issues and needs to increase ap-
propriateness in the use of diagnostic imaging proce-
dures [5], including the need for evidence-based imaging
referral guidelines [5-7], the need to justify diagnostic
procedures, particularly invasive procedures using ioniz-
ing radiation or contrast medium, and the need for gen-
eral practitioners and specialists to work jointly [5, 8].
Another issue is that of defensive medicine, which can
lead to an increase in diagnostic procedure prescriptions,
although this appears to only partially explain the whole
phenomenon [9]. Inappropriate prescription of gastro-
intestinal endoscopic procedures is also considered crit-
ical primarily for two reasons: they are invasive
procedures, which cause considerable discomfort for the
patient, and they have an intrinsic, although low, risk of
serious complications, particularly colonoscopy [10]. En-
doscopy is the main bottleneck in colorectal screening
programmes in most countries; it surely is in Italy [11,
12], having become the main barrier to scaling up one of
the most effective and cost-effective prevention interven-
tions [13]. Thus, inappropriate referrals compete for al-
location of resources to other, more useful and often
more urgent procedures, thereby reducing the allocative
efficiency of the system [14].

Although the drivers of and barriers to appropriate use
of diagnostic resources are similar globally, actions should
be taken at both the national and the local level [5].

In the province of Reggio Emilia (Emilia-Romagna re-
gion, northeastern Italy), a multi-component interven-
tion has been in place since 2008 to improve the clinical
and organizational appropriateness of diagnostic proce-
dures. A multidisciplinary working group made up of all
the Reggio Emilia Local Health Authority healthcare
professionals and stakeholders defined a list of criteria

for prescribing neurological and musculoskeletal mag-
netic resonance imaging (MRI) and computed tomog-
raphy (CT) and for gastroscopy and colonoscopy.

This information was used by a software to define and
assess specific types of misreporting and clinical in-
appropriateness of all referral forms for the diagnostic
procedures listed above, routinely entered in an elec-
tronic database.

Aims

The aim of this study was to describe the determinants
of incomplete or meaningless reporting of the clinical
question, of inappropriate imaging and endoscopy refer-
rals and of an inappropriate level of urgency indicated in
the referral through an analysis of general practitioners’
(GP) referral forms in the province of Reggio Emilia,
Italy.

Methods

Study design

The analyses here reported are part of a comprehensive
clinical audit cycle in a quality improvement system. A
trend analysis of the main indicators is reported. Cross-
sectional analysis of the association between inappropri-
ateness of the prescription and patients’, GPs and
healthcare organization’s characteristics for the period
2012-2017 was conducted on routinely collected data.

Setting and population

This study was implemented within the Local Health
Authority of Reggio Emilia, which provides healthcare
services for the whole population of the province of Reg-
gio Emilia (approximatively 530,000 inhabitants in
2019). The province is divided into 6 healthcare districts,
with 23 primary care subdistricts (PCSDs) in which
about 308 general practitioners (GP) operate. In each
PCSD, the GPs are organised in practices sharing the
same clinic and infrastructure and in which the benefi-
ciaries are assisted by any one of the GPs in the group
(primary care medical group), or where beneficiaries are
assisted by their own GP, who shares some IT infra-
structures with other GPs (primary care medical net-
work) (See Additional file 1: Appendix Table 1 for
details).

The Italian National Health Service is based on princi-
ples of universalism and comprehensiveness, and the
Ministry of Health has the exclusive mandate to set the
so-called “essential levels of care” (LEA), the list of
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healthcare services which must be guaranteed to all citi-
zens and resident foreigners. The Italian Regional
Healthcare Services allocate and administer the public
funding for and establish the organization of providing
the LEA. Only the healthcare services indicated in the
LEA are available for free. In this context, GPs have the
task of filtering access of their patients to specialist out-
patient services, per the gatekeeping model. GPs can re-
quest various health services through a computerized
referral form which should include a diagnostic question
and relevant information on the clinical condition of the
patient.

Data sources

In Emilia-Romagna Region, all the computerized referral
forms of outpatient care are routinely recorded in a spe-
cific database; the information collected includes the pa-
tient’s personal information, the name of the referring
physician, the date of prescription, the clinical question
or health condition requiring the procedure and the pro-
cedure/test requested.

In this study we analysed all the general practitioners’
referral forms in the period 2012-2017 for colonoscopy,
gastroscopy, neuro CT, musculoskeletal CT, neuro MRI
and musculoskeletal MRI performed by public and pri-
vate providers operating for the National Health Service
in the province of Reggio Emilia. Approximately 323,000
referral forms were written by GPs of the province, ac-
counting for 85% of all referral forms in the study
period.

Intervention

In the province of Reggio Emilia, the clinical question
on referral forms for diagnostic procedures has been
mandatory since 2005. Moreover, in 2008, a multidiscip-
linary working group including all healthcare profes-
sionals and stakeholders defined a list of criteria for
prescribing neurological and musculoskeletal magnetic
resonance imaging (MRI) and computed tomography
(CT) and for gastroscopy and colonoscopy on the basis
of national and international guidelines. The criteria also
defined the level of urgency (i.e. urgent (U), deferred ur-
gency (B), to be scheduled within 60 days (D) or planned
follow-up (P)) appropriate for each pair of clinical ques-
tion/ requested test.

The multidisciplinary working group implemented an
educational and retraining programme for GPs and
specialists.

Software for the analysis of clinical questions was de-
veloped and implemented to assess the appropriateness
of referral forms for colonoscopy, gastroscopy, neuro
CT, musculoskeletal CT, neuro MRI and musculoskel-
etal MRI. This assessment was based on criteria included
in the developed provincial protocols. The software uses
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features designed to process “unstructured clinical infor-
mation” to recognize and make available the embedded
knowledge items (i.e. “semantic analysis engine opti-
mized for the ontology and thesaurus of a clinical field,
with over 2 million concepts constantly updated”).

The software used for the assessment is called Clinika
/ VAP, produced by IG Consulting (Maps Group). It can
be used for either an ex-ante assessment (i.e. to support
the doctor in filling out the referral form) or an ex-post
assessment (i.e. to perform periodic systematic assess-
ments on prescribing behaviour).

The text of the clinical questions undergoes a semantic
analysis to recognize and organize the clinical concepts
indicated by the prescriber. All types of clinical concepts
concerning “conditions/diseases” are classified and
linked with the appropriate domain language. Subse-
quently, the prescribing rules are interpolated in the
diagnostic procedure required in order to verify that the
condition/disease identified in the clinical question is
one of those admitted by the protocol and to obtain the
priority admitted by the protocol for this type of com-
bination (i.e. diagnostic procedure — condition/disease).
The priority requested on the referral form and the pri-
ority foreseen by the protocol are then compared.

Benchmarking reports are periodically produced and
sent to GPs and coordinators of primary care subdis-
tricts to motivate GPs to improve the appropriateness of
their diagnostic procedure referral practices.

The appropriateness of diagnostic procedure referral
has also been included among the objectives agreed on
by the LHA and the primary care subdistricts for grant-
ing GPs incentives.

Endpoints

This process assigns each referral form, according to
characteristics assessed by the software, to one of the
following categories (Fig. 1):

e Inappropriate:

e clinical question missing (i.e. incomplete);

e clinical question present, but with no clinical
meaning (i.e. meaningless);

o meaningful clinical question not matching any
criterion included in the protocol for the
diagnostic procedure prescribed (i.e. clinically
inappropriate condition/test match);

o clinically appropriate condition/test match but
priority level different from that foreseen for the
health problem (i.e. inappropriate level of
urgency)

e Appropriate:

o Clinical question and priority level consistent
with the health problem, as indicated by the
protocols for the diagnostic procedure prescribed.
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Fig. 1 Flowchart of ex-post assessment of overall inappropriateness of referral forms using the Clinika/VAP software. Data shown are related to all
referral forms for all six of the included diagnostic procedures. The percentage values refer to the total number of referral forms (i.e. n=322,978)
prescribed by general practitioners in the province of Reggio Emilia, Italy, between 2012 and 2017
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The primary endpoint was overall appropriateness, in-
cluding all missing, meaningless reporting, clinically in-
appropriate condition/test match and inappropriate level
of urgency. The secondary endpoint was to also evaluate
only the clinically inappropriate test/condition match,
excluding incomplete and meaningless referrals from the
analysis. In this analysis, referrals with an inappropriate
level of urgency were included among inappropriate re-
ferrals because, while this type of inappropriateness is
independent of clinical reasons, it does lead to allocative
inefficiency and inappropriate use of resources.

An appropriateness evaluation performed by Clinika
software and an expert radiologist or gastroenterologist
on a sample of 100 records for endoscopy procedures
showed an agreement of 78.8% (K=0.64) for colonos-
copy and 85.9% (K = 0.66) for gastroscopy.

Statistical analysis

Descriptive analyses of referral forms were performed
for each type of diagnostic procedure prescribed and ac-
cording to predefined determinants of inappropriateness.

Time trends were calculated for each prescribed diag-
nostic procedure between 2012 and 2017.

The determinants of overall appropriateness were cal-
endar year, whether a health fee waiver (exemption) was
applied (providing diagnostic procedure for free), age
and sex of patient and of physician and GP’s practice
organization (primary care medical group or primary
care medical network).

Random intercept multilevel models that included
GPs, primary care subdistricts and healthcare districts as
random effects were made [15]. We report the fixed ef-
fect of the models: the adjusted odds ratios (ORs) from
the multilevel models that included patient-level factors
and GP-level factors to identify determinants of the
overall inappropriateness of referral forms. Furthermore,
we used a multilevel model adjusted for 1st level vari-
ables to analyse the variability in inappropriateness of re-
ferral forms between GPs (level 2), between primary care
subdistricts (level 3) and between healthcare districts
(level 4). We summarized the residual variability and in-
terclass correlation coefficients (ICC), which represents
the proportion of the total variance in inappropriateness
directly attributable to each level after taking into ac-
count the division random effects and fixed effects for
all variables.

The variability in appropriateness was then assessed at
three levels: GP, primary care subdistrict and healthcare
district. The multilevel logistic model was used to assess
the influence of individual predictors on inappropriate-
ness of referral forms. Let [P[Yj;; = 1]] be the probability
that the Ith referral form ordered by the kth general
practitioner in the j™ primary care subdistrict in the i
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healthcare district was inappropriate. The model is writ-
ten out as follows:

logit [P[Yijkl = 1“ = log

PY i =1]
1-P[Yu=1]

= </30i + Bo; + /J’Ok) + X

where S, is the healthcare district-specific random inter-
cept, Bo; the primary care subdistrict-specific random
intercept, Box the GP-specific random intercept, X, the
vector of individual-level covariates and 6 the vector of
individual-level coefficients.

We used STATA 13.0SE (Stata Corporation, Texas,
TX) software package for the main analysis.

Ethics

This is a clinical audit on routinely collected administra-
tive data. According to the Italian law, clinical audits do
not require the approval of an ethics committee. Data
are available upon reasonable request by writing to info.
epi@ausl.re.it.

Results

Descriptive analysis

Overall, 322,978 referral forms were included in the ana-
lysis, of which 203,620 (63.0%) proved to be appropriate
according to our assessment criteria. Inappropriateness
was mainly driven by clinical inappropriateness (i.e. mis-
match between health problem, diagnostic procedure pre-
scribed and level of urgency), accounting for 27.7% (n = 89,
310/322,978) of all prescribed referral forms, while in-
appropriate reporting of clinical question (i.e. presence of
a clinical question that defines a clear health problem in-
cluded among the prescribing criteria) accounted for 9.3%
(n =30,048/322,978) of overall inappropriateness (Fig. 1).

The same pattern was found among referral forms for
each diagnostic procedure, with greater clinical inappro-
priateness for endoscopy and CT than for MRI. Asses-
sing referral forms by diagnostic procedure and year of
prescription, we observed an overall decrease in inappro-
priateness, from 44.2% in 2012 to 32.9% in 2017. In par-
ticular, an increasing trend (from 2012 to 2016) for all
appropriateness endpoints occurred for all diagnostic
procedures, with a substantial plateau between 2016 and
2017. Only neuro CT showed a slight reduction in ap-
propriateness in the last year of the observation period,
while musculoskeletal CT appropriateness rose during
over same period (Fig. 2).

The number of referral forms and the overall propor-
tion of inappropriateness varied according to patient,
prescription and prescribing physician’s characteristics
(Table 1). The lowest proportion of appropriateness was
generally found among referral forms provided to older
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people (i.e. over age 84) and to female patients, with the
exception of gastroscopy prescriptions, for which appro-
priateness was lower in males and in younger patients.
Further, the overall proportion of appropriateness de-
creased with the increasing of the level of urgency, while
a similar proportion was found between referral forms
including or not including fee exemptions. Regarding
prescribers’ characteristics, the lowest proportion of ap-
propriateness was found among prescriptions provided
by male and by older physicians. GPs working in a med-
ical network wrote fewer appropriate prescriptions than
did GPs working in a medical group. Differences in the
proportions of appropriate referral forms were found
among the six health districts of the province.

Determinants of inappropriateness

Inappropriateness increased with patient age for all im-
aging procedures, while a lower risk of inappropriateness
of gastroscopy was found among patients aged 65-84.
Moreover, compared to female patients, male patients
showed a lower risk of inappropriateness for colonoscopy,
musculoskeletal CT, neuro MRI and musculoskeletal MRI
and a higher risk for gastroscopy and neuro CT. Referral
forms with fee exemptions resulted in greater inappropri-
ateness for musculoskeletal MRI and neuro MRI. For all
diagnostic procedures, inappropriateness of prescription
was strongly associated with the GP’s work structure. Re-
garding physician characteristics, male physicians were
positively associated with inappropriate colonoscopy
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(OR=1.33; 95% CI=1.14-1.56) and gastroscopy (OR =
1.18; 95% CI=1.02-1.36), while older physicians were
positively associated with inappropriate musculoskeletal
CT (OR =2.17; 95% CI = 1.30-3.62) (Table 2).

For all diagnostic procedures, variability between GPs
accounted for the highest percentage of total variability in
inappropriateness (from 7.1% for neuro CT to 14.3% for
musculoskeletal CT), while variability between primary
care subdistricts (from 0.0% for neuro CT to 2.5% for
head MRI) and healthcare district (from 0.% for MRI and
neuro CT to 0.7% for musculoskeletal CT) represented a
smaller portion of the total variability in inappropriate-
ness in the statistical model adjusted for patient’s age, sex,
year of prescription and exemption status.

We performed a sensitivity analysis to examine the
clinical appropriateness of referral forms, excluding in-
complete and meaningless referral forms (See Additional
file 1: Appendix Table 2-3). The associations were al-
most all in the same direction of that observed for over-
all appropriateness, even if in most cases the
associations were weaker and estimates less precise. The
few exceptions are a negative association for fee exemp-
tion in endoscopy (OR=0.88; 95% CI=0.83-0.94 for
colonoscopy and OR = 0.90; 95% CI =0.85-0.96 for gas-
troscopy) and an association with older patient age for
colonoscopy, which disappeared.

Variability between GPs in clinical inappropriateness
was slightly smaller than in the main analysis, but its
stronger effect remained among the hierarchical levels.

Discussion

More than one-third of prescribed diagnostic procedures
in our study were classified as inappropriate, with gas-
troscopy, neuro CT and musculoskeletal CT having a
higher percentage of inappropriate referrals than colon-
oscopy, neuro MRI and musculoskeletal MRI. Overall,
inappropriateness was mostly attributed to clinical in-
appropriateness (i.e. inconsistency between test, clinical
question and urgency reported in the forms, according
to prespecified criteria) and less to the inappropriate
reporting of clinical question for referral (i.e. “incom-
plete” or “meaningless” forms). Despite the fact that the
variability between GPs was the greatest source of in-
appropriateness variation, promising improvement was
observed over time for all procedures under study, con-
sistent with the implementation of several measures of
training, shared protocol definition and administrative
control. Both the appropriateness of requesting a diag-
nostic test and the clinical relevance of test results to the
management of a patient require reliable, effective com-
munication between the referring physician and the spe-
cialist [3, 5, 16]; the cornerstone of that communication
is the quality and structure of a report, which includes
all findings and the specialist’s interpretation of the same
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[16, 17]. Indeed, the report is clearly influenced by the
quality of the referral form itself, mainly in terms of the
accuracy and completeness of the clinical information
reported by the referring physician in the clinical ques-
tion [17-19].

The appropriateness of a diagnostic procedure for a given
individual is not always easy to determine because most
recommendations, when available and if well formulated,
are conditional upon many circumstances that are difficult
to assess retrospectively [20]. Many attempts have been
made to measure the inappropriateness of diagnostic proce-
dures, mainly based on the assessment of “unwarranted”
geographical variability in diagnostic services use, although
the validity of this approach is still debated [21, 22]. Fur-
thermore, this type of analysis can determine that a certain
level of inappropriateness is present but cannot precisely
identify where the problem lies.

Rates of inappropriate imaging diagnostic procedure
use in the primary care setting vary considerably (from
0.2 to 99.9%) [23], even for a single procedure within the
same country (i.e. from 2 to 28.5% inappropriate MRI in
Canada) [24]. Given the substantial heterogeneity of the
methods applied, the observed variability could possibly
reflect the appreciable variation in determinants of devi-
ation from guidelines. Bearing in mind these substantial
methodological variations, overall inappropriateness of
referrals in our study was similar to that reported in a
Spanish cross-sectional study (31.4%) [2], but higher
than that reported in Sweden (20%) [25] and substan-
tially higher than that found in the UK (0.3%) [26] and
Finland (7%) [27], which have implemented mandatory
vetting of all requested radiation-related procedures.

In our study inappropriateness mostly stemmed from
the mismatch of clinically meaningful questions with a
recommended type of diagnostic procedure and was espe-
cially manifest for endoscopy and CT scans, while MRI
was less affected by clinical inappropriateness, as already
shown in other countries [28]. The narrower range of clin-
ical indications for referral and increased GP awareness of
the need for an adequate justification imposed in recent
years by the economic impact of MRI prescribing [29]
may explain part of the difference between MRI and the
other imaging procedures considered. Apparently, the
lower costs of CT and its wider availability are enough to
counterbalance the higher radiation exposure, which
should actually discourage unnecessary referrals.

Besides inconsistent matching between recommenda-
tions and protocols, this step in the appropriateness flow
could also be influenced by the inconsistency between
the clinical condition and the diagnostic test, in particu-
lar the erroneous choice between two alternative tests,
for example between CT and MRI, which can be difficult
for GPs to make without the guidance of a neurologist
or musculoskeletal specialist. For instance, it has been
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reported that, despite the recommendations of clinical soci-
eties, the use of head CT for chronic headache or of spinal
CT for acute non-specific low back pain without urgent
symptoms is still a source of inappropriateness [26, 30].

In our study, only 2.5% of prescriptions flagged as ur-
gent by the GPs were classified as appropriate, and with
the exception of a small percentage (15%) of appropriate
urgent neuro CT, inappropriateness of all other proce-
dures under study was 100%. The reason for such a high
rate of referrals automatically assigned as inappropriate
is that according to the local prescription guidelines, all
urgent conditions requiring endoscopy, CT or MRI are
subject to urgent referral to the emergency unit for fur-
ther evaluation and care, without the GP requesting any
particular procedure. The exception to this is urgent re-
quests for neuro CT in the presence of cranial trauma or
signs and symptoms of transitory ischemic attack (TIA),
resulting in a small percentage of appropriate neuro CT
referrals. Inappropriate levels of urgency (given the test/
question match, according to the agreed-on protocols)
lead to allocative inefficiency and to the inappropriate
use of resources.

Our study showed that the most important determinants
of inappropriate prescribing were individual characteristics
of the GP, while the organizational and managerial inter-
ventions had a smaller impact, even when they involved ne-
gotiating budgets for additional incentives and education,
i.e. the primary care subdistrict level, or when they involved
coordinating and integrating GPs’ activities through the
healthcare districts. This is in line with the result that most
of the variability seen is explained by the individual GPs,
with only a minor part by the healthcare district or the pri-
mary care subdistrict. These finding suggests that, at least
in our organizational context, managers at healthcare dis-
trict level and GP coordinators at the primary care subdis-
trict level had limited impact on the appropriateness of
diagnostic procedure prescribing, despite the considerable
autonomy in budget definition and planning these two
levels have. Actions individually targeting GPs, such as
training and education to disseminate tools for implement-
ing recommendations, may be the key to reduce variability
at the GP level. However, our study is one of the first to as-
sess the impact of the medical group organizational model
on GPs’ performance. The consistent results across all diag-
nostic procedures assessed, with primary care medical
groups showing a higher level of overall appropriateness
and, although to a lesser degree, of clinical appropriateness,
highlight the idea that new organizational models may
favourably impact quality of care.

Strengths and limitations

As referral forms filled out by GPs were automatically
assessed by a dedicated software, this study has intrinsic
limitations. Given that the software’s ability to interpret
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the text is imperfect, misclassification of the consistency
of the clinical question certainly occurred in some cases.
However, the software proved to have substantial agree-
ment with a manual review by an expert clinician, with
kappa values over 0.6. Furthermore, the application of a
single method to all referrals permitted a uniform assess-
ment. As in the panel audit studies, the software assess-
ment of overall appropriateness is limited to what is
reported on the referral form; no direct information of a
given patient’s health condition is available. Indeed, we
could only assess the consistency between the clinical
question as reported in the form, the requested test and
the level of urgency attributed; we had no way to assess
the trueness of any of the conditions reported or whether
other unreported conditions could justify the choice of
test and/ or the level of urgency. Therefore, we measured
the consistency between what was reported and the
agreed-on criteria, meaning that there could be appropri-
ate referral forms that appear to be inappropriate because
of incomplete reporting as well as inappropriate referral
forms that appear to be appropriate because of incorrect
reporting of conditions. Lastly, the assessment of appro-
priateness was based on a list of criteria created by the
local professionals and was thus potentially limited by its
incompleteness. This limitation is common to the vast
majority of studies aiming to measure inappropriateness
of diagnostic procedure prescribing using operational defi-
nitions of guidelines recommendations. In our study, we
were not able to identify and assess “clinical inappropri-
ateness”, or malpractice more generally, when formulating
the clinical question in diagnostic prescriptions. There-
fore, we considered incomplete, meaningless and clinical
inappropriate referral forms together because a correctly
filled prescription is a prerequisite for any monitoring and
quality improvement system.

The sensitivity analysis, which examined the clinical
appropriateness of referral forms, excluded those pre-
scriptions that were not correctly completed (incomplete
and/ or meaningless). It is worth noting that this indica-
tor dramatically overestimated the proportion of clinic-
ally appropriate prescriptions: prescriptions that are not
correctly completed or not completed at all were much
more likely to be inappropriate than those that were
completed and meaningful.

All these limitations mean that interpreting the preva-
lence of inappropriate prescriptions as an absolute meas-
ure of the quality of outpatient diagnostic procedure
prescribing is not appropriate. Further, they resulted in
an incorrect comparison with other studies due to the
heterogeneity of the methods applied and the con-
strained generalisability of each of these designs. Instead,
our method makes it possible to assess trends and to
which conditions and characteristics of patients and GPs
may favour inappropriateness.
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Conclusions

Despite the promising increase in overall appropriate-
ness of diagnostic procedure prescribing over the last
five years in Reggio Emilia province, there is still room
for improvement. Tailored interventions to increase GP
compliance to guideline recommendations should be ad-
vocated. Improved compliance to protocols would re-
duce the number of unnecessary tests, the radiation
exposure and the risk of adverse effects, thereby improv-
ing clinical practice and lowering healthcare costs. Inter-
ventions aimed at encouraging the uptake of new
organizational models of care among GPs, such as pri-
mary care medical groups, could limit the effect GPs’
characteristics have on the variability of their prescribing
practices.
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