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Too much versus too little: looking for the
“sweet spot” in optimal use of diagnostic

Investigations

ailure to order diagnostic tests when indicated,

or misinterpreting their results, can lead to

diagnostic errors and adverse outcomes.' In
contrast, overuse of tests generates more false positive
results, increases risk of immediate harm (eg, allergic
contrast reaction) and promotes overdiagnosis
of benign incidental abnormalities, resulting in
unnecessary disease labelling and further test and
treatment cascades.’

Estimates of the appropriateness of diagnostic
investigations vary considerably according to clinical
setting, test choice and study methodology. In one
meta-analysis of primary care studies that compared
test use against scenario-specific guideline standards,
echocardiography was underused (54-89%) and
overused (77-92%), while pulmonary function tests
were underused (38-78%) and urine cultures overused
(36-77%).” In another meta-analysis of hospital-

based studies, overall underuse and overuse rates of
laboratory testing were 45% (95% confidence interval
[CI], 34-56%) and 21% (95% CI, 16—-25%) respectively.4

Increasing availability and use of a greater range of
pathology and imaging investigations, medicolegal
concerns arising from undertesting, few disincentives
for overtesting, time pressures, patient expectations,
and unawareness of new evidence all promote
inappropriate test use.” Innate risk tolerance,
personality traits and cognitive biases of clinicians also
influence test requesting behaviours.® This perspective
article describes the drivers of inappropriate use and
proposes strategies for achieving the “sweet spot” in
using diagnostic tests (Box 1).

Questioning the role of testing

Extensive testing is often not required in making a
provisional diagnosis. Instead, attentive listening,
pertinent history taking and focused physical
examination are often more informative than
multiple tests in arriving at a correct diagnosis.”
Inconclusive results of unwarranted tests may

exacerbate diagnostic uncertainty,® provoking further
unnecessary testing. Affording clinicians more time
and support to adequately perform basic clinical tasks
is paramount.” Re-engineering electronic medical
records and laboratory reporting systems to enable
more efficient searching for past diagnosis lists and
test results'’ could also reduce diagnostic confusion
and unnecessary testing, especially repeat requests of
the same test.

The “test of time” rather than more tests is often useful
in diagnostic decisions relating to non-acute, non-
urgent, clinically undifferentiated presentations. In
general practice and emergency departments, up to
one-half of s?/mptoms defy definitive diagnosis on first
encounters." Between 75% and 80% of such symptoms
improve over four to 12 weeks, usually regardless

of medical intervention.'’ Patients with “medically
unexplained symptoms” should be spared exhaustive
and fruitless testing for underlying rare diseases,

and where normal results may still not allay patient
discomfort and anxiety."” Alternative strategies are
reassuring such patients about what they do not have,
controlling troublesome symptoms, observing over
time and seeking, if necessary, a second opinion.

Choosing tests according to patient preferences
and treatment options

Patient-centred diagnostic testing requires asking if the
test is appropriate given, first, the evidence of harms
and benefits for its intended use in this patient and,
second, the level of concordance between harm-benefit
trade-offs and patient preferences.'” Before testing,
patients should be advised that no test is infallible

(ie, false positive and negative results can occur),
management options consequent to positive, negative
or inconclusive findings should be discussed, and
waiting times for tests to be performed and results to
be available should be estimated and communicated.

Using tests to confirm a clinically likely diagnosis
is less valuable if no therapy is available for that

1 Balancing underuse and overuse of investigations in the diagnostic process

Overuse

Clinician predisposition

« Safety first “just to be sure”

« Overly cautious

* Risk averse

« Overinclusive differential diagnosis
+ Defensive medicine

Test profiles and implications

« Testing despite low disease likelihood

» More false positive or ambiguous results

* More overdiagnosis and/or uncertainty

« Increased costs from unnecessary test cascades
« Increase potential for patient harm

Sweet spot

Clinician predisposition

« Safe and efficient

« Balanced approach

« Risk tolerant

« Appropriate differential diagnosis
« Judicious, deliberate reasoning

-

Test profiles and implications

« Intermediate disease likelihood

« Fewer false positives or false negatives

« Few missed diagnoses; less overdiagnosis
* Minimal costs

« Minimal patient harm

Underuse

Clinician predisposition

« Efficiency first “no need for more”

« Overly confident

+ Risk taker

« Underinclusive differential diagnosis
« Intuitive medicine

Test profiles and implications

+ No testing despite high disease likelihood

+ Missed or delayed diagnoses

+ More false reassurance

« Increased costs from preventable complications
« Increased potential for patient harm
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diagnosis, more diagnostic certainty is not needed

to determine further management, or patients will
decline treatment for certain diagnoses if present (eg,
chemotherapy and surgery for underlying cancer).
However, in selected cases, using tests to assess disease
severity may assist prognostication.

Understanding pre-test probability and test
performance

Test requests require consideration of pre-test disease
probability, test accuracy, and benefits and harms

of downstream treatments, as well as the acuity

and severity of the clinical condition. Tests may be
inappropriate when disease probability is too low

or too high for the test result to influence decision
making. In particular, testing in individuals with
very low disease probability will likely yield few true
positive results, generate more false positives and do
little to reassure patients or resolve their symptoms."
Unfortunately, clinicians often overestimate pre-test
probability’” and do not adequately adjust down
their estimates of post-test disease probability
according to test results, due to a misunderstanding
of test sensitivity, specificity and predictive value."®
Misjudgements are even more likely when an
unexpected test result challenges the practitioner’s well
founded clinical suspicion.” Considering in advance
how a test result will influence further management
requires an understanding of where post-test
probabilities sit in regards to test or treatment decision
thresholds (Box 2)."*

The most useful tests are those for which results
accurately and substantially increase or decrease
disease probability, that is, which have high positive or
negative predictive value respectively. These properties
are not well understood; few tests are good at both,

many tests make no difference to patient outcomes,"”

and evaluation and regulation of new diagnostic

tests are less rigorous compared with medications

or devices.”” A better understanding of disease
prevalence and test performance by clinicians and
patients may increase appropriateness of test requests
(Box 3).212 Educating clinicians in Bayesian logic and
test characteristics using visual tools, 3 employing
calculators to adjust disease probability for risk
factors based on test likelihood ratios,” and applying
computerised decision aids to guide probability
estimates” are other assistive strategies.

Avoiding misinterpretation of mildly abnormal or
normal test results

Misinterpreting test results just above or below the
normal reference range (NRR) as indicators of disease
promotes overdiagnosis for several reasons.”® First, the
quoted NRR may not apply to infants, very old patients,
pregnant or post-menopausal women, or those with
certain genetic but benign states (eg, thalassaemia trait).
Second, statistically about 5% of the general healthy
population will have test results just outside the NRR.
Third, the more tests requested, the greater the chance
of a spuriously abnormal result in healthy individuals.
Fourth, sampling or processing errors, dietary

changes, certain medications, seasonal influences

and physiological variability can all generate slightly
abnormal but non-pathological results.

In the absence of risk factors, clinical features or
family history, mild elevations in erythrocyte
sedimentation rate, C-reactive protein, biochemical
analytes, rheumatoid factor, auto-antibody titres,
thyroid-stimulating hormone and tumour markers
do not necessarily indicate disease.”” On the other
hand, marked change in a “normal” result (eg, serum
creatinine rising from low to high normal; serum
ferritin decreasing from high to low normal) may

2 Characterising test-treatment thresholds

Probability below test Probability between test Probability above
threshold: and treatment threshold: treatment threshold:
Do not test Testing required Do not test (any more)
Avoid overuse Avoid underuse Avoid overuse
Test Treatment
threshold Y threshold
- > - >
0 Probability of disease 100%

A

Factors that affect location of test threshold

Lowers test threshold (shift to left)

« High accuracy test

* Low or zero-risk test

» Low cost test

« High patient acceptability

« Serious disease with worse outcomes if left untreated
« Treatment is effective, low cost, little toxicity

Raises test threshold (shift to right)

* Less accurate test

« Higher risk test (eg, invasive)

« Higher cost test

» Lower patient acceptability

« Less serious disease if missed

« Treatment is less effective, higher cost, more toxic

A

Factors that affect location of treatment threshold
Lowers treatment threshold (shift to left)

« Higher risk from (next) tests

* More expensive tests

« Serious disease with worse outcomes if left untreated
« Treatment is effective, low cost, little toxicity

Raises treatment threshold (shift to right)

« Low or zerorisk of (next) tests

* Lower cost tests

+ Less serious disease if missed

« Treatment is less effective, higher cost, more toxic




3 Probabilistic approach to diagnosis

Knowledge and concepts

Methods to improve clinician and patient understanding

Practise shared decision making

.

negatives) and specificity (and correlate of false positives)

diagnosis highly likely or highly unlikely

Identify patient concerns and preferences

Present likelihood of diseases in natural frequencies
Discuss the limitations of investigations

- Use diagnostic decision aids where applicable

Know prevalence of specific diseases in the target « Provide easily accessed prevalence data for common diseases in defined
population in estimating pre-test probability populations

Know implications of history and examination for « Provide sensitivity and specificity of cardinal features of history and
adjusting pre-test probability physical examination for common diagnoses

Understand potential benefits and harms of tests - Provide information on benefits and harms of commonly used tests
Understand test sensitivity (and correlate of false = Provide lists of sensitivity and specificity for commonly used tests

Understand and use test likelihood ratios = Provide lists of likelihood ratios for commonly used tests
« Use likelihood ratios and Bayes nomogram to derive post-test probability

Understand which tests are useful in making a specific « Consult validated diagnostic decision rules or pathways which identify
optimal test selection for specific clinical scenarios

Understand test and treatment thresholds » Determine appropriate thresholds for common diseases

suggest evolving disease. In all these scenarios,
interpreting test results must account for clinical
context and pre-test probability.

Using diagnostic decision support tools

Validated diagnostic rules and pathways can guide
choice and timing of test requests for specific

clinical scenarios. For example, related to underuse,
troponin assays combined with clinical risk scores

in patients presenting to emergency departments
with chest pain assist in ruling out acute coronary
syndrome and avoiding unnecessary stress testing
and hospitalisation.” Related to overuse, using rule-
out algorithms and D-dimer testing in suspected
pulmonary thromboembolism limits unnecessary
computed tomography pulmonary arter;l imaging and
overinvestigation of incidental findings. ’ Integrating
decision rules into electronic medical records improves
appropriate test ordering.”’ Computerised tools can
generate plausible differential diagnoses that promote
more appropriate lines of investigation’ as well as
context-aware warnings of lurking diagnostic pitfalls,
including test limi’ca’cions,32 in uncertain or serious
clinical scenarios. However, optimal use of these tools
requires easy to use interfaces, seamless integration
into clinical workflows, and compatibility with
clinicians’ cognitive processing.

Ordering and sequencing tests appropriately

Excepting medical emergencies, selected tests relevant
to the provisional diagnosis and to excluding plausible
“must not miss” diagnoses of serious but treatable
diseases should be requested first. Additional tests

to investigate alternative diagnoses should wait

unless the provisional diagnosis remains uncertain
following initial test results, or clinical features
change, or the patient fails to respond as expected

to first line treatment. Requesting multiple tests to
cover for several diagnostic possibilities at the time of

initial contact should be avoided, unless a more acute,
progressive illness warrants such actions in avoiding
diagnostic delay. Consulting with pathologists and
radiologists or evidence-based guidelines can assist in
optimising test selection.”

Responding appropriately to diagnostic
uncertainty

Diagnostic uncertainty has been associated with

a propensity to request more tests, resulting in

either diagnostic delays (false reassurance by a

false negative test result with no consideration of
alternative diagnoses) or unnecessary anxiety and
overinvestigation (false positive test result suggesting
serious disease). An alternative approach in uncertain
situations is to engage with patients, validate their
experience and symptoms, solicit their major concerns,
explain the most likely diagnosis, briefly outline
plausible differential diagnoses, openly acknowledge
uncertainty and the limitations of tests in eliminating
it, provide a management plan, map the expected
time course for improvement, and arrange follow-up
clinician review as required.”

Applying system-level strategies for optimising
the use of investigations

Various system-level strategies may also help optimise
test use: changes to order entry rules within electronic
medical records that guide clinicians towards more
appropriate requests, education on test indications
and costs, audit and feedback on test utilisation,

and organisational policy changes.”” None of these
strategies have incurred more missed diagnoses or
related adverse events.”

Conclusion

Finding the sweet spot between underuse and
overuse of diagnostic tests is essential for enhancing
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appropriate use of investigations and improving
patient wellbeing. It can be achieved if the strategies
outlined here are applied consistently in routine
clinical practice.
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