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Abstract

Objective: To consider the reasons and context for test ordering by doctors when faced with an undiagnosed complaint in primary or

secondary care.

Study Design and Setting: We reviewed any study of any design that discussed factors that may affect a doctor’s decision to order

a test. Articles were located through searches of electronic databases, authors’ files on diagnostic methodology, and reference lists of rel-

evant studies. We extracted data on: study design, type of analysis, setting, topic area, and any factors reported to influence test ordering.

Results: We included 37 studies. We carried out a thematic analysis to synthesize data. Five key groupings arose from this process:

diagnostic factors, therapeutic and prognostic factors, patient-related factors, doctor-related factors, and policy and organization-related fac-

tors. To illustrate how the various factors identified may influence test ordering we considered the symptom low back pain and the diagnosis

multiple sclerosis as examples.

Conclusions: A wide variety of factors influence a doctor’s decision to order a test. These are integral to understanding diagnosis in

clinical practice. Traditional diagnostic accuracy studies should be supplemented with research into the broader context in which doctors

perform their work. � 2007 Elsevier Inc. All rights reserved.

Keywords: Diagnostic test; Review; Low back pain; Multiple sclerosis; Test ordering

1. Introduction

Diagnostic test assessment focuses on determining test

accuracy, defined as the ability of a test to correctly distin-

guish between those with and without the target condition.

However, a wide range of factors, which are ignored in tra-

ditional test evaluations, influence test ordering. The impor-

tance of taking these other factors into account in test

accuracy studies has been noted previously [1]. Despite

this, we are unaware of any review of reasons for ordering

tests. In this article we review broader reasons for test

ordering in patients with an undiagnosed complaint in

primary or secondary care.

2. Methods

We searched MEDLINE, Embase, PsycINFO, and the

International Bibliography of the Social Sciences (full

details of the search strategies available from the authors

on request) to identify qualitative studies in the area of di-

agnosis. Our initial searches identified 1,971 studies. We

screened these for relevance and categorized relevant arti-

cles thematically. A key theme to emerge was test ordering

and we chose to focus further on this topic. We supple-

mented our initial searches by reviewing our extensive per-

sonal files. In addition, we identified further studies by

screening reference lists of articles already obtained. Al-

though no formal language restrictions were applied, all

the articles included in this review are English language.

Studies were ordered and reviewed sequentially until satu-

ration was reached, that is, until no new reasons for test

ordering were identified.

We applied very broad inclusion criteria for the review:

any study of any design that discussed factors that may af-

fect a doctor’s decision to order a test in patients with an

undiagnosed complaint in primary or secondary care was

eligible for inclusion. This included discussion articles as

well as primary studies and systematic reviews because

we wanted to provide a comprehensive overview of all pos-

sible factors that may influence test ordering. Although

tests are also done in patients without symptoms or with
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confirmed disease (e.g., screening, disease monitoring,

judging severity of illness, or determining treatment re-

sponse), we restricted our review to patients with an undi-

agnosed complaint to focus specifically on the process of

symptomatic diagnosis. Inclusion was assessed by one

reviewer and checked by a second.

We extracted data from the individual studies on study

design (discussion article, primary study or systematic re-

view); type of analysis (qualitative or quantitative); setting

(primary care, secondary care, both or general); topic area;

and any factors reported to influence test ordering. Data ex-

traction was carried out by one reviewer and checked by

a second. We carried out a thematic analysis to synthesize

data [2]. This involved identifying all reasons for test order-

ing described in included studies and producing a spider

diagram to group and link related reasons. Five key group-

ings arose from this process. We then categorized all the

identified reasons for test ordering according to these

groupings.

To provide a cohesive illustration of how the various fac-

tors identified may influence test ordering, we considered

the symptom low back pain (LBP) and the diagnosis mul-

tiple sclerosis (MS) as examples. We selected these because

they involve different diagnostic challenges. For potential

MS, the goal is to rule in a serious condition while avoiding

false positive diagnoses; whereas for LBP the goal is to

identify the minority of patients with organic disease for

which there is a treatment that improves a patient’s progno-

sis, while minimizing testing of the majority whose condi-

tion has a nonspecific cause. To identify illustrative

examples in these two topic areas we carried out Internet

searches using Google Scholar (http://www.scholar.

google.com) using key terms related to ‘‘test ordering,’’

‘‘(low) back pain’’ and ‘‘multiple sclerosis,’’ and searched

our own files.

3. Results

We identified 38 studies that discussed factors that may

influence test ordering [1,3e38]. Details of these studies

are provided in Table 1. The included studies covered a va-

riety of different designs: primary studies (n5 22), discus-

sion articles (n5 14), and systematic reviews (n5 2). Most

of the primary studies were quantitative in design (n5 17),

four were qualitative, and one presented both a qualitative

and quantitative analysis. Most studies covered issues of

test ordering from a general perspective, although five stud-

ies focused on laboratory studies, three on LBP, one on MS,

and one on radiology.

Five key factors emerged as reasons for test ordering:

diagnostic factors, therapeutic and prognostic factors, pa-

tient-related factors, doctor-related factors, and policy and

organization-related factors. These factors are summarized

in Box 1. Below, we discuss these in more detail, and show

Box 1 Why do we order diagnostic tests?

1. Diagnostic factors

� Modify pretest probability of disease

� Rule in or rule out disease

� Primary care: rule out or referral to secondary care

� Secondary care: reach a definite diagnosis

2. Therapeutic and prognostic factors

� Decide on appropriate treatment

� Predict subsequent clinical course and assess prognosis

� Monitor the effects of interventions

3. Patient-related factors

� Patient preference, e.g., to order testing, not to undergo

a test, or for a particular test

� Patient acceptability and side effects of test

� Impact of diagnosis (or lack of diagnosis)

� Consequences of inaccurate test results

� Patient reassurance

� Patient demographics

4. Doctor-related factors

� Clinical experience and confidence in clinical judgment

� Knowledge regarding test properties

� Cognitive biases

� Involvement in research

� Attitudes to risk taking/fear of uncertainty/reassurance

� Fear of litigation e defensive testing

� Response to patients’ requests for inappropriate testing

� Feedback on doctor’s test ordering rates compared to

others

� Doctor specialty

� Working full time vs. part time

� Time constraints

� Doctor demographics

� Professional pride

5. Policy and organization-related factors

� Primary care practice size

� Test availability

� Method of doctor payment

� Policy and clinical guidelines

� Use of structured test ordering form

� Referral process
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how they may influence test ordering for the diagnosis of

MS and LBP.

4. Diagnostic factors

From a diagnostic perspective, tests are ordered to mod-

ify the pretest probability of disease [15,29,30,32,33,36], to

rule in or rule out disease, or to refer for further evaluation

[1,15,29,32,33]. In primary care tests are more commonly

used to rule out a condition or to help the doctor to make

a decision about referral, or provide further information

on the patient to a secondary care specialist [5,20,32]. An-

other decision that primary care doctors commonly face is

whether to order a test or to adopt a period of ‘‘watchful

waiting,’’ asking a patient to return to see how his or her

symptoms develop [39]. In contrast, in secondary care tests

are more often used to reach a definite diagnosis [1,32].

Tests may also be used for triage to determine whether to

refer a patient for further testing. Or, once initial tests have

suggested the possibility of a particular condition, more

costly or invasive tests may be ordered for confirmation.

In such situations the possible differential diagnoses will

dictate what tests may be offered.

Only a small proportion of people presenting with LBP

have serious pathology and so the first step in the workup is

to rule out conditions such as fracture (pretest probability

4%), spondylolisthesis (3%), herniated disk compression

(1e3%), cancer (0.7%), or infection (0.01%) [40]. History

and physical examination are used to identify ‘‘red flags,’’

which suggest the possibility of one of these conditions

[40]. Laboratory tests, such as erythrocyte sedimentation

rate or urinalysis, may be ordered to rule out cancer or in-

fection. A positive result may indicate referral to secondary

care or further testing, for example, radiography to confirm

a diagnosis of cancer [41]. In patients with a nonspecific

cause of LBP, imaging is not diagnostically indicated

because it has poor specificity (anatomic abnormalities

detected by imaging are often present in healthy individ-

uals) and sensitivity (imaging often fails to identify causes

of pain) [17,40]. Nevertheless, imaging is often undertaken

in these patients [42]. The most commonly used test in the

diagnosis of MS is magnetic resonance imaging (MRI) and

to a lesser extent lumbar puncture and evoked potentials.

From a diagnostic perspective, MRI is ordered to rule out

serious treatable differential diagnoses, such as brain

tumors, or to rule in MS.

5. Therapeutic and prognostic factors

Decisions regarding test ordering are interlinked with

decisions regarding therapy and prognosis [33]. Although

the focus of this article is on patients with undiagnosed

symptoms, tests are often ordered to monitor the effects

of interventions. Doctors may be wary of ordering
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expensive and/or invasive tests if treatments are not avail-

able for the differential diagnoses. In contrast, tests may

be ordered specifically to inform decisions on treatment

such as whether to initiate therapy and what type to use,

or to provide information on prognosis [1,30,31,33].

This is a difficult area in relation to MS: there is debate

regarding the effectiveness of disease-modifying therapies

for early MS [43]. Neurologists who believe that disease-

modifying therapies are beneficial may order an MRI scan

in an attempt to reach an earlier diagnosis so that patients

can be prescribed these drugs sooner. An additional reason

for ordering an MRI scan in patients with suspected MS is

to provide a baseline for monitoring disease progression

[44]. This may also help to provide information on progno-

sis after further testing. If back pain is because of an inflam-

matory disease such as ankylosing spondylitis, images of

the sacroiliac joints and spine may provide a useful baseline

from which to assess disease progression [45].

6. Patient-related factors

Factors related to the patient can influence test ordering

in a variety of ways. Patient preference, either to undergo or

not undergo testing or for one test over another, can influ-

ence test ordering [3,5,13,17,20,30]. The acceptability of

the test to the patient, for example in terms of invasiveness

or side effects, and the impact of the potential diagnosis on

the patient may affect a doctor’s decision to order a test

[30]. The consequences of test results, in terms of false pos-

itive and false negative results as well as accurate results,

should also be considered [17]. Doctors may decide to or-

der a test to reassure the patient that he or she is not suffer-

ing from a more severe condition, for example ordering

a scan in a patient with headache to reassure him or her that

he or she does not have a brain tumor [1,20,30]. A number

of studies have found that test ordering is related to patient

demographics with, for example, older patients or female

patients receiving a disproportionate number of tests

[6,9,38].

Many patients with LBP or possible MS remain without

a diagnostic label and continue to experience symptoms. A

qualitative study reported that some patients with LBP

‘‘feel that they have not been provided thorough work-

ups and that additional tests, such as an x-ray or computed

tomography scan, might allow precise ascertainment of the

elusive physical cause of their suffering’’ [46]. In such

cases patients may request a test that is not diagnostically

useful, and may be harmful, for example through exposure

to gonadal radiation or impact on symptoms. A trial that

randomized patients with nonspecific LBP to receive or

not receive an x-ray found that patients in the x-ray group

were more likely to report back pain after 3 months [42]. A

possible explanation is the ‘‘medicalizing’’ effect of testing,

which may increase patients’ belief that they are unwell,

leading to greater reporting of pain and limitation of

activity. This study also found that, given the choice, over

80% of patients would have an x-ray. A review of three

qualitative studies involving primary care doctors found

that patient preference influenced their decision to order

spinal radiography [5]. Patient requests for tests that are

not indicated medically can be counteracted by providing

information to explain this. A trial that randomized patients

to receive immediate x-rays or an educational intervention

found that after 3 weeks, 44% of those in the educational

group believed that everyone with LBP should receive an

x-ray compared to 73% in the x-ray group [47].

The effect that the test and its results may have on pa-

tients should be considered. Questionnaire studies of people

with possible MS who underwent a full diagnostic workup

found that patients who received a diagnosis of MS re-

ported improved quality of life and decreased uncertainty,

although patients felt less optimistic about their future

health than before testing [48,49]. A positive test result

may also have negative effects such as increased anxiety

[48], increased insurance premiums, and workplace dis-

crimination [43]. The consequence of inaccurate test results

should also be considered. A false positive diagnosis of MS

may result in unnecessary further tests and treatments,

needless anxiety and psychological distress, and possible

failure to identify a treatable condition [50]. A false nega-

tive result may mean that patients continue to experience

unexplained symptoms, causing anxiety because they do

not know what is wrong with them, or failure to get timely

and appropriate treatment which may have adverse effects

on their prognosis [48]. For other conditions, such as

LBP, a false negative result may mean a delay in diagnosis

and appropriate treatment which may have significant prog-

nostic implications. For example, failure to diagnose and

surgically correct a prolapsed vertebral disk may lead to

urinary or fecal incontinence.

7. Doctor-related factors

Most factors identified as influencing test ordering are

doctor-related factors. This is not surprising given that the

decision to order a test in an individual patient ultimately

rests with the individual doctor. Evidence suggests that doc-

tors with more clinical experience, confidence in their clin-

ical judgment [5,6,22], pride in their work [5], and who do

not fear risk taking or uncertainty [1,5,16,22,28] tend to re-

quest fewer tests than those who dislike uncertainty and

have less experience. Doctor demographics appear to influ-

ence test ordering. However, the results of two studies ad-

dressing this issue were contradictory: one found that

younger doctors and male doctors tended to order fewer

tests [6], whereas the other found that older doctors ordered

fewer [26]. Both time pressures [5,30,36] and fear of litiga-

tion [5,27,30,37] have been found to result in increased

testing. Individual doctors respond differently to patients’

requests for unnecessary tests [5,13,17]. Involvement in
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research, specifically in guideline development, was found

to reduce the number of tests requested [10]. Another factor

found to reduce test ordering was giving doctors feedback

on how their test ordering rates compared to colleagues

[8,10,16]. Cognitive biases influence the diagnostic process

as a whole, and thus inevitably impact on test ordering

[23,24]. For example, a recent consultation with a patient

with a rare condition may predispose a doctor to suspect

that diagnosis and request tests he or she may not otherwise

have ordered. Additional factors found to influence test

ordering were doctor specialty [4,9] and doctor working

patterns [10,22].

A review of three qualitative studies of primary care

doctors found that a variety of factors influenced their deci-

sions to order radiography in patients with LBP: clinical

skills, time pressure, risk of litigation, limiting conflict,

ending difficult consultations, reducing their own anxiety,

protecting professional pride, and pressure from other

health care providers/organizations [5]. The findings of this

review also suggest that differences in test ordering may be

related to the geographical and/or cultural context in which

doctors work. The three studies were conducted in the

United States, the Netherlands and Norway, respectively,

and showed that some of the barriers to general practioners’

(GP) adherence to clinical guidelines regarding radiogra-

phy ordering differed according to country. For example,

‘‘GPs might order ‘non-indicated’ x-rays to buy time

(USA), negotiate (all studies), or build a good rela-

tionship with the patient (USA, the Netherlands).’’

An additional influence may be the doctor’s perception

of test accuracy. For example, a recent review has shown

that MRI is not accurate either for ruling in or ruling out

a diagnosis of MS when compared to the gold standard

of long-term clinical follow-up [51]. Despite this, MRI is

commonly requested in the evaluation of possible MS:

a survey of Canadian neurologists found that 92% routinely

order MRI scans in patients with suspected MS and 93%

felt that MRI was ‘‘very useful’’ for the workup of these

patients [52].

The way doctors respond to patients’ requests for inap-

propriate testing and their ability to communicate the lim-

itations of tests to patients may influence test ordering. A

study of ‘‘actor patients’’ who presented with a complaint

of fatigue and requested MRI scans to rule out MS, found

that three of 39 doctors agreed to the MRI at the initial visit

and eight said they might order MRI in the future, whereas

the others explained that an MRI was not clinically indi-

cated [13]. The type of specialty a doctor belongs to has

been shown to affect test ordering for patients with LBP.

Orthopedic surgeons were more likely to order a radiograph

for patients with acute back pain than primary care doctors

[9]. Another study reported that neurologists and neurosur-

geons are twice as likely to request an imaging study for

patients with acute non-radiating pain or chronic back pain

than any other specialist [4]. This may be related to the

different prior probabilities of disease or to differences in

access to tests in these different settings.

8. Policy and organization-related factors

A number of influences on test ordering derive from lo-

cal and national policy makers or the organization of the

practice or hospital, and hence are outside the direct control

of the individual doctor. For example in the United King-

dom, the limited availability of diagnostic tests in primary

care is an important factor distinguishing it from secondary

care, where diagnostic test availability is almost universal.

A related factor that influences test ordering is the availabil-

ity or ease of access to tests [5,22,36,38]. Payment by sal-

aries is associated with lower test ordering than a fee for

service approach where doctors are reimbursed for each test

performed [6,26,30,34]. Type of primary care practice has

been shown to influence test ordering in a number of stud-

ies, with doctors in solo or small practices tending to re-

quest more tests than those in group practices

[9,10,22,26]. The introduction of a structured test ordering

form has been found to reduce test ordering [7,10,22,26].

More broadly, policy makers issue guidelines regarding

when tests should be used (http://www.nice.org.uk). In

making these guidelines they consider not only the accu-

racy of the test but also its direct and indirect costs

(http://www.nice.org.uk/pdf/GDM_Chapter8_0305.pdf).

Direct costs include test and operator costs, whereas indi-

rect costs are broader including consequences of test results

in terms of treatment, implications of inaccurate test results,

and longer-term costs in terms of patient outcome. A num-

ber of studies have found that clinical guidelines and policy

recommendations affect doctors’ test ordering, generally

by reducing inappropriate test ordering [8,11,12,18,19,

21,25,35].

A review of three qualitative studies of primary care

doctors’ reasons for ordering radiography in patients with

LBP found that policy and organizational factors, such as

ease of access to testing, influenced their decisions [5]. Be-

cause health care policy and organization differs in differ-

ent countries, doctors’ geographical location and/or

cultural context is also likely to play a role. As discussed

above, the aforementioned review supported this hypothe-

sis. For example, the three studies showed that ‘‘easy access

to actual x-ray services (Norway), and difficult access to

physiotherapy (United States) or computed tomography

(Norway)’’ influenced test ordering practices. A study that

looked at factors that affected doctors’ decisions to order

lumbar spine x-rays in patients with LBP found that ambi-

guity about the internal referral process was an important

factor [36]. There is evidence that interventions at the orga-

nizational level can reduce inappropriate test ordering. Ran-

domized clinical trials have found that attaching

educational reminder messages to radiography improved

referral for imaging tests [7] and that providing specific
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guidelines led to improved test ordering compared to non-

specific guidelines [53].

Clinical guidelines regarding the diagnosis of MS and

LBP have been developed for the National Health Service

(NHS) in England and Wales. The National Institute for

Health and Clinical Excellence clinical guidelines for MS

recommend that if a diagnosis cannot be made on clinical

grounds alone the McDonald criteria, which incorporate

MRI, should be used to find evidence that supports the di-

agnosis (http://www.nice.org.uk/pdf/CG008guidance.pdf).

Similarly, in the United States, the Therapeutics and

Technology Assessment Subcommittee of the American

Academy of Neurology and the Practice Committee of

the Child Neurology Society have issued guidance on the

use of MRI in the diagnosis of MS [54]. NHS guidance

on the management of LBP in primary care recommends

that diagnostic imaging should only be considered if there

are clinical indications of serious pathology (http://

www.prodigy.nhs.uk/guidance.asp?gt5back%20pain%20-

%20lower). Policy makers and guideline panels appreciate

the need to limit unnecessary diagnostic testing. It is impor-

tant to understand that the extent and strength of their rec-

ommendations are often modified by other factors aside

from the accuracy of the diagnostic test, particularly cost,

availability, and potential hazard.

9. Discussion

This review identified five key interrelated factor group-

ings that influence a doctor’s decision to order a test for

a particular patient: diagnostic factors, therapeutic and

prognostic factors, patient-related factors, doctor-related

factors, and policy and organization-related factors. Be-

cause test accuracy is only one of a number of consid-

erations, attempts to influence test ordering practice

are unlikely to succeed unless they account for the wider

context implied by these factors.

Previous review articles have tended to focus only on

particular aspects of test ordering: for example, the effects

of cognitive biases on doctors’ diagnostic reasoning [23],

methods of doctor payment [34], and clinical guidelines

[21]. Other discussion articles have focused exclusively

on diagnostic factors [29,32]. While a number of articles

have covered more than one aspect of test ordering, to

our knowledge, this review is the first to provide an evi-

dence-based overview of the different factors that may

influence test ordering.

Although this review was not based on exhaustive

searches of the literature, we used systematic methods

throughout the review process. We used explicit inclusion

criteria and a structured data extraction form and all aspects

of the review process were double-checked. The included

studies used a variety of different terms to discuss test or-

dering and many studies had multiple aims; investigating

influences on test ordering was not always the primary

objective. Identifying such studies, in a situation in which

there are no clear search terms, is very difficult. Given that

the objective of this review was to identify reasons for test

ordering rather than to quantify the evidence for the effects

of different factors on test ordering, we felt that it was not

necessary to include all relevant studies. We used the stan-

dard qualitative technique of searching until saturation was

reached and no new themes emerged. Although this gives

us confidence that the key factors that may influence test or-

dering have been included in this review, its main limitation

is the lack of a fully systematic search strategy, aiming to

include every relevant study. Although the review includes

studies conducted in a number of countries (e.g., United

Kingdom, United States, The Netherlands, and Norway),

the inclusion only of English language articles is a specific

limitation. The variety of study designs and the very broad

range of topics covered also made it difficult to review the

located studies, and to synthesize data from them. We over-

came this problem by identifying the key factors that influ-

ence test ordering and then using two specific examples,

LBP and MS, to summarize how these factors may operate

in practice.

This review has implications for three key areas: test ac-

curacy research, test ordering research, and test ordering

behavior. Test accuracy research, which focuses on deter-

mining the diagnostic accuracy of a test, should also con-

sider the broader context in which test ordering takes

place in practice. This includes both the aim of testing

(the context in which the test will be used, e.g., triage,

add-on or replacement) as well as the social and psycholog-

ical influences identified by this review. This applies to both

primary studies and systematic reviews. There are two ways

in which this could be done. A simple approach is to ac-

knowledge the additional factors that may influence test or-

dering when making recommendations for practice. For

example, in a recent review on the accuracy of MRI for

the diagnosis of MS, we included a discussion of the non-

diagnostic reasons for ordering an MRI scan [51]. A more

robust method would be to incorporate both clinical exper-

tise and qualitative findings on the broader clinical picture

into test accuracy research. This could be done either by

reviewing existing research or by carrying out additional

primary research.

Test ordering research considers the different factors that

may influence decisions to order tests in practice. This re-

view provides an overview of this area of research and

forms the basis for future research, of which a key aim

would be to quantify the effects of different influences. This

could be done by carrying out a systematic review of all

primary studies that have assessed influences on test order-

ing. The aim of the review would be to quantify the volume

of evidence for the different influences on test ordering, and

also to determine the magnitude of each of these influences.

Such a review should carry out exhaustive literature

searches and include an assessment of the quality of the in-

cluded studies. Future research should also consider how
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the very different factors influencing test ordering may in-

fluence the overall pattern of test ordering, not just by their

individual influences but also by their interactions. A doctor

may choose to order a test with relatively poor diagnostic

performance for a range of interacting reasons. Considering

these influences in isolation would miss understanding the

full picture. For example, electrocardiograms (ECG) are

commonly ordered in patients presenting with a variety of

symptoms (e.g., chest pain, shortness of breath, dizzy

spells, palpitations) even though the test’s value in diagnos-

ing these potential underlying conditions (e.g., myocardial

infarction, angina, heart failure, intermittent heart beat ir-

regularity) is limited because of poor specificity. Despite

this limitation, ECG testing has several characteristics (ease

of access, relative low cost, absence of adverse effects ease

of interpretation, and instant availability of results) that may

all contribute to a doctor’s decision to order this test.

The ultimate aim of test accuracy and test ordering re-

search is to improve the use of diagnostic tests in practice,

that is, test ordering behavior. This review suggests a num-

ber of areas where interventions to improve test ordering

behavior may be considered: for example, the introduction

of structured test ordering forms or feeding back individual

doctors’ test ordering patterns. In addition, as this review

highlights, decisions regarding test ordering regularly in-

volve more than a mechanistic consideration of a test’s

properties and clinical appropriateness (e.g., a doctor’s be-

lief that a test is inappropriate may have to be weighed

against a patient’s need for reassurance). Sometimes, such

subjective factors may override the scientific evidence re-

garding diagnostic accuracy, as a result of the doctor’s con-

sidered judgment of the case as a whole.

In conclusion, the decision to order a test rests with the

doctor in consultation with the patient. We have shown that

a wide range of factors will affect this decision. Ignoring

these factors and concentrating only on test accuracy risks

missing the realities of diagnosis in clinical practice.
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