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Abstract 
 
In this series we address research topics in emergency medicine. Rational clinical decision 

making includes knowledge of the disease prevalence, clinical assessment features and test 

such as sensitivity and specificity. The concept of pre-test probability is important as it will 

allow the clinician and patient decide together if a ‘test treshold’ or ‘treatment treshold’ has 

been reached, or if further investigations are required to make such a decision. This research 

primer uses 3 cases scenarios relevant for clinicians to explore these concepts.  
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Inertia Before Investigation:  
Pre-test Probability and Emergency Medicine. 
 
 

In emergency medicine, diagnostic tests often underpin the identification of disease and the 

determination of safe disposition.1 The sensitivity and specificity of a test are vital to these 

dual aims.2 A highly sensitive test identifies patients with a particular condition of interest, 

with few false negatives.  A very specific test correctly identifies those without the condition, 

with few false positives.  As such, a sensitive test that is negative reassures us that a patient 

does not have the condition, while a specific test that is positive can be a strong indicator of 

disease, and support initiation of specific management or further testing.3  

 

No test is 100% sensitive and 100% specific.  The most detailed magnetic resonance imaging 

is still subject to the interpretation of the radiologist.   Indeed, sensitivity and specificity of a 

test are often not definite numbers and may assume different values in different populations.  

It is therefore vital to know relevant patient information prior to ordering the test.  In a male 

presenting with abdominal pain, a β-HCG is highly unlikely to be of value, given that the 

population in question has an extremely low pre-test probability (PTP) for pregnancy. 

 

PTP is an estimate of the probability of a patient having a disease, prior to testing.  From a 

clinical perspective, it is related to prevalence of a condition in a specific population (pre-

assessment probability) and a clinician’s training and ability in using questions (history) and 

clinical signs (examination) and interpreting these findings within existing medical 

knowledge.  In some situations, PTP can be further estimated by established decision aids, 

such as the Pulmonary Embolism Rule-out Criteria (PERC), Canadian CT head rule, or the 

PECARN head injury decision tool.4, 5, 6  

 

PTP seems intuitive to estimate: combine disease prevalence and clinical assessment.  In 

practice, this can be difficult.  Disease prevalence varies widely between populations, and 

indeed even deciding on the ‘population’ can be difficult.  All men?  All men with 

hypertension?  All men with hypertension and diabetes?   

 



Even more complex is assigning value to clinician assessment, which will be individualised 

and therefore vary.  The threshold approach to decision making can be used to assign a more 

quantitative value to clinician assessment when deciding on which tests to perform.7  Put 

simply: if the PTP of disease is very low, the test threshold is not met, and no further testing 

is warranted. Where if a patient’s PTP of disease is high, the treatment threshold is reached 

and treatment can be initiated without further testing.  (Figure 1).  Especially in patients with 

a moderate (non-low and non-high) PTP of disease, a test may justify further tests to 

delineate management.8 

 

We will examine three examples based on real-world data pertaining to different clinical 

scenarios where PTP, sensitivity and specificity vary.  We will explore how PTP and test 

characteristics influence post-test probability and management in each case. Through these 

examples we will show that tests ordered without any clinical or demographic reference are 

at best unhelpful, and at worst potentially harmful to the patient and health system.9 

 

 

A Bump on the Head  
 

Mrs Apple, a 58 year-old investment banker, presents to the emergency department (ED) at 

1400 having fallen and struck her head.  A junior doctor, having conducted a rapid 

assessment, requests a CT scan from the radiology registrar in an effort to ‘have the results’ 

and expedite discharge.  The radiology registrar politely asks the junior to fully assess the 

patient, and to return once this has been done.   

 

The junior is perturbed at not getting the scan immediately, having witnessed her consultant 

organise several scans in this way.  Nonetheless, she returns to Mrs Apple, takes a history 

then conducts an examination.  She fell, striking her head on a carpeted floor, with no loss of 

consciousness and no vomiting. She has no past medical history, specifically she is not on 

antiplatelet or anticoagulation medication.  There are no abnormal findings on clinical 

examination, specifically she has no signs of focal neurology or skull fracture. 

 

Existing guidelines suggest that in this instance, observation alone is a safe and reasonable 

management option.10 She has no signs or symptoms of serious pathology and is not 



anticoagulated.  Literature suggests that in minor head injury, less than 10% of all patients 

will have an abnormality on CT scan, and very few of these will have an injury requiring 

neurosurgical intervention.11 (Figure 2) 

 

The additional use of a validated risk stratification tool – such as the Canadian CT Head Rule 

– make the risk of a clinically important traumatic brain injury even lower.12 Low prevalence 

combined with risk stratification leads to a very low PTP of significant traumatic brain injury.  

This is enough to reassure the patient and the clinician that the risks of further testing (time 

spent in the department, resource allocation and cost of the scan, along with radiation 

exposure) out-weight the likelihood of the scan being positive.13 The overall test threshold is 

not met.   

 

Mrs Apple was discharged without imaging and written head injury information and GP 

follow up.  In this instance, we considered a potentially life-threatening diagnosis, with a very 

low pre-test probability of disease, not meeting the test threshold. 

 

 

A Painful Pee 
 

Miss Banana is a 22-year-old psychology student presenting with dysuria.  The symptoms 

have persisted for three days; she has no fever and feels otherwise well.  Her past medical 

history is unremarkable except for one urinary tract infection (UTI) two years ago that felt 

similar, and she is not sexually active.  Clinical examination reveals normal observations, no 

fever, and mild, non-specific suprapubic discomfort.   

 

The clinical picture suggests an uncomplicated UTI.  She has no signs of sepsis.  A junior 

doctor presents the case to an emergency consultant, who asks for a mid-stream urine sample 

to be sent for microscopy and culture. Unfortunately, Miss Banana went to the bathroom a 

couple minutes ago in the waiting room and wants to leave as soon as possible as she has an 

examination at university that day.  

 

The junior doctor, having recently completed a short course in evidence-based medicine, 

questions her senior as to the necessity of sending the urine sample.  She argues that in this 



case, the patient has at least a moderate PTP of having a UTI (estimated to be over 50%),14 

with no overt evidence of sepsis or serious underlying disease. She states that a negative 

urine test will not reduce the post-test probability to an acceptable level to negate the need for 

treatment (because the sensitivity of the test is quite poor) and a positive result will not 

change their decision making as the patient already meets the treatment threshold based on 

her PTP.  

 

The consultant, impressed with the junior’s knowledge, is happy to discharge the patient on 

oral antibiotics without further investigations. Miss Banana is on time for her exam and gets 

an A.  In this example, the patient has a high PTP of disease and meets the treatment 

threshold. Further investigations (with poor sensitivity) do not change clinical suspicion and 

subsequent management.  

 

 

A Useful C-Reactive Protein  
 

Mr Cranberry, a 53 year-old retired engineer, has been unwell for three days with abdominal 

pain and fevers.  He has a past medical history of diabetes and hypertension and is a heavy 

smoker.  On examination he was tender throughout the lower quadrants of her abdomen, 

without obvious focal peritonism.  The emergency registrar considers a range of conditions, 

some benign, others potentially more serious.   

 

The registrar deliberates as to whether to request a CT abdomen.  He has normal vital signs, a 

white cell count of 12.8, negative urine dip and normal renal function. Plain radiography is 

unremarkable.  In this case, the patient has a reasonable, but by no means high, PTP of 

serious disease.  While not meeting the treatment threshold for any specific disease, the 

doctor is uncomfortable discharging her without further testing.  He adds on a C-reactive 

protein (CRP) to the blood requests, as a normal result will support a watch and wait 

approach, while a markedly raised result would meet the threshold for performing further.15 

The CRP is 190, and in counsel with the patient a CT scan is ordered, which shows 

diverticular disease with collection formation.  Mr Cranberry is admitted under the surgical 

team and discharged after five days of management with intravenous antibiotics. 



 

In this example, the consideration of the impact of a test on the post-test probability (the PTP 

with the positive likelihood ratio of the test applied), lead to a two-tiered plan, which 

involved the patient in the decision making process.2 An often-superfluous test, can aid and 

justify the decision to conduct more invasive testing in a patient meeting the test threshold 

but not the treatment treshold.  

 

Discussion 
 

We explored three examples where estimating pre-test probability has a role in decision and 

management of patient. In the first two examples unnecessary testing is avoided for opposite 

reasons. In the first example, the test threshold was not met due to a low PTP, where in the 

second case a high PTP of an obvious diagnosis (UTI) met the treatment threshold.  

The third example illustrated how a diagnostic test is used to help guide ongoing 

management in a patient with an unclear diagnosis with moderate PTP of serious disease 

which meets the test threshold but not the treatment threshold.  

 

In ED, the PTP is often useful in avoiding testing and facilitating discharge.  Indeed, many of 

the clinical decision tools that we use every day are designed to offer some validation and 

tangible measurement to this estimate.  In some cases, PTP estimation can also help 

determine that further investigation is indicated/warranted when the testing threshold is 

reached, or the immediate initiation of treatment if the treatment threshold is reached.  

 

PTP is not without its issues.  Clinician estimation of PTP can vary widely, even for 

conditions with established algorithms, such as the PERC rule and the Wells criteria for 

ruling out pulmonary embolism (PE).16 In one study, clinicians who were asked to estimate 

the PTP of PE for a female with shortness of breath. The respondents gave answers ranging 

from 10% to 90%, despite receiving identical information at the start.17   This can lead to a 

undesired variety of testing rates as well as clinical outcomes.18 

 

One solution is to attempt to capture clinician estimates prior to test ordering with a measure, 

such as the Likert Scale (5-bracket categorisation: definitely not, probably not, maybe, 

probably yes, definitely yes).17 The estimation remains ‘rough’ and acts to guide and inform 



subsequent testing, without attempting to be definitive.  Furthermore, as the estimation from 

the Likert scale is broad, clinicians could just pick ‘maybe’, and then this method adds little 

to solving the original problem.  Clinicians who actively seek to estimate PTP are, in the very 

act of doing so, considering the need for further tests and possible implications of test 

outcomes on the patient thoughtfully.  This means that a clinician is more likely to have used 

a test with reasoning and with the objective of addressing a particular question for the patient 

in front of them.16   

 

Ultimately, attention to a clear and focused history and examination, an appreciation of 

disease prevalence, and an understanding of how tests can impact on a patient should inform 

practice.  If tests are to be organised after a focused (but before comprehensive) assessment, 

PTP is a useful asset.  At triage, clinicians should consider the PTP prior to requesting x-rays 

and blood tests, rather than tests being organised ‘en mass’ in the hope of saving time later 

on.  A brief ‘pause’ after initial assessment, should prompt the questions: Why am I doing this 

test? What impact will it have on the patient? Is it potentially harmful? 

  

Furthermore, these considerations can help us to involve patients in these decisions, and to 

allow them to better understand why certain tests might not be helpful.  Ideally, the clinician, 

the patient and the existing evidence (incl. PTP, sensitivity, specificity) combine to generate 

the best possible outcome for the patient. (Figure 5) 

 

A prospective study found that when PTP was low, even if a blood test returned an abnormal 

result, clinicians often ignored such a result.  Such tests had the dual unhappy accolade of not 

only being irrelevant when negative, but also being ignored when positive.17 Appreciating 

PTP can assist in explaining to a patient why a test might not be done: the dialogue can 

impart the fact that the test itself may carry risk.  Understanding PTP at a basic level involves 

the patient in the process of test ordering.    
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Figure titles and legends 
 

Figure 1. Disease probabilities and thresholds 
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Figure 2. Example 1 – a bump on the head 

 

*Sensitivities and specificities are simplified example estimates 

TP  = true positive  

FP  = false positive  

FN  = false negative  

TN  = true negative   

+ve LR = positive 1ikelihood ratio  = sensitivity/(1-specificity) 

-ve LR  = negative likelihood ration  =(1-sensitivity)/specificity 

ciTBI = clinically important traumatic brain injury 

 

 



 
Figure 3. Example 2 – a painful pee 

*Sensitivities and specificities are simplified example estimates 

TP  = true positive  

FP  = false positive  

FN  = false negative  

TN  = true negative   

+ve LR = positive 1ikelihood ratio  = sensitivity/(1-specificity) 

-ve LR  = negative likelihood ration  =(1-sensitivity)/specificity 

UTI = Urinary tract infection 

MCS = microscopy, culture and sensivities 



 



 
 

 

 

 

 

 

 



Figure 4. Example 3– a useful CRP 

*Sensitivities and specificities are simplified example estimates 

TP  = true positive  

FP  = false positive  

FN  = false negative  

TN  = true negative   

+ve LR = positive 1ikelihood ratio  = sensitivity/(1-specificity) 

-ve LR  = negative likelihood ration  =(1-sensitivity)/specificity 

CRP      = C-reactive protein 

 

 

 
 



 

 



Figure 5: Intersection of clinician, patient and best evidence 

 


