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ScientificScientific evaluation of imaging techniques 

Ass state-of-the-art imaging techniques evolve in 

rapidd succession, there is a scarcity of time and 

meanss to perform elaborate evaluation studies. 

Carefull and precise formulation of research ques-

tions,, choosing the appropriate study design and 

completee and accurate reporting of results are all 

off vital importance. 

Inn general, the purpose of a diagnostic test is 

too decrease uncertainty about the presence or 

absencee of a particular target condition in the 

patient,, eventually leading towards improved 

patientt outcome. To evaluate whether a test can 

servee this goal, we need answers to the following 

questions. . 

1.. How accurate is the test in distinguishing the 

diseasedd from the non-diseased? 

2.. Does the test improve diagnostic accuracy? 

3.. Can the test improve patient outcome? 

4.. Is the test cost-effective? 

Howw accurate is the test? 

Inn the early evaluation of a novel test or when an 

existingtestt is considered to answer a new clinical 

question,, potential users need information about 

thee level of agreement between the test results 

andd the truth. In a study of diagnostic accuracy, 

thee results of the index test (test of interest) are 

comparedd with the results of a reference standard 

{thee best method available), ideally in a prospec-

tivee cohort of consecutive subjects sampled from 

thosee in which the test will be applied to in clini-

call practice. The reference standard should be 

obtainedd within the same subjects, but indepen-

dentt of the result of the index test and vice versa. 

Thee results of the comparison can be summarized 

inn a number of ways. The most common method 

iss to tabulate the results in a 2x2 contingency 

tablee and to express accuracy as sensitivity and 

specificityy (Figure 1). Alternative statistics include 

Figuree 1. 2x2 contingency table 
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Note:: TP = true positive, FP = false positive, FN = false 

negativee and TN = true negative 

predictivee values, likelihood ratios, diagnostic 

oddss ratios, and areas under ROC curves. 

Iff the reference standard is too invasive (e.g. surgi-

call exploration) or harmful (e.g. radiation), it might 

bee unethical to subject all patients with a nega-

tivee index test result to the reference standard. 

Inn that case, a second reference standard can 

bee used, such as dedicated clinical follow-up to 

confirmm absence of the target condition or panel 

judgment,, but this can lead to inflated estimates 

off diagnostic accuracy. Other design deficiencies 

cann also lead to bias [1-2] 

Doess the test improve diagnostic accuracy? 

Afterr investigating the accuracy of an imaging 

technique,, one needs to think about its place in 

practice.. In some cases, new techniques are pro-

posedd to replace existing methods. However, if 

thee superiority of the new test is questionable, the 

testt can be added to the existing battery of tests, 

ratherr than replacing one or more of them. When 

aa test is added, one needs to demonstrate the 

additionall value as weil as the optimal sequence 

off tests. These questions demand comparative 

studiess using sequential testing, in which patients 

undergoo a series of tests as well as the reference 

standard,, or randomized controlled trials, in which 

patientss are randomly allocated to undergo either 

thee new diagnostic pathway or the existing one. 

Unfortunately,, randomized controlled trials of tests 

cann be inefficient and they may not always gener-

atee valid answers [3]. 
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Cann the test improve patient outcome? 

Inn comparative studies of medical interventions, 

aa difference in patient outcome such as mortal-

ityy or morbidity can be directly attributed to the 

differencee between interventions. In diagnostic 

research,, the test is not directly responsible for 

patientt outcome because testing must be fol-

lowedd by an appropriate intervention to produce a 

desiredd outcome. [4] In other words, the capacity 

off a test to improve patient outcome depends on 

thee test's ability to select the right intervention for 

specificc subgroups of patients and the effective-

nesss of the interventions. 

Iss the test cost-effective? 

Iff the added benefit of a new imaging technique 

hass been demonstrated, one can study the bal-

ancee between the benefits and the change in 

necessaryy resources. The approaches to economic 

evaluationn include (i) cost minimization (total costs 

perr strategy) (ii) cost-benefit (costs and benefits 

inn monetary terms), (iii) cost effectiveness (e.g. 

costss per patient cured, or per life-year gained) 

andd (iv) cost utility analysis {benefits expressed in 

utilities:: quantitative expressions of the desirabil-

ityy of outcomes). Although this is a complex and 

'inexact'' process [5], policymakers will be hesitant 

too purchase expensive, newly developed imaging 

techniquess such as PET-CT or 3-Tesla MRI without 

aa sound cost-analysis. 

Observerr variation 

AA specific issue in imaging is the agreement 

betweenn readers, or the lack thereof. Within and 

betweenn observer agreement is usually expressed 

ass agreement beyond chance by calculating the 

kappa-statistic.. [6] Variability between and within 

observerss will limit the diagnostic accuracy of a 

techniquee and, consequentially, its potential to 

improvee patient outcome. The possible causes of 

disagreementt are a research topic on their own. 

Theyy include issues like observer experience, 

anatomicall nomenclature, content of clinical infor-

mation,, the dynamic nature of tests, artifacts due 

too patient movements, and the impact of subtle or 

small-sizedd lesions. 

Reportingg diagnostic studies 

Thee quality of reporting studies on medical tests 

iss far from optimal. The STARD initiative aims to 

improvee the quality of reporting of diagnostic 

accuracyy studies by following the model of the 

successfull CONSORT initiative for reporting of 

randomizedd trials. [7-8] Key components of the 

STARDD document are a checklist of 25 items to be 

includedd in reports of studies of diagnostic accu-

racyy and a flow diagram to document the flow of 

participantss in the study. The checklist has been 

endorsedd by more than two-dozen major clinical 

journals. . 

Diagnosticc reviews 

Thee relevant literature on a particular diagnostic 

problemss will usually be fragmented and hard 

too assimilate. Systematic reviews can efficiently 

integratee valid information and provide a basis for 

rationall decision-making. In 2003, the Cochrane 

Collaborationn decided to develop a database of 

systematicc reviews of diagnostic test accuracy 

that,, in time, will complement the well-known 

Cochranee Database of Systematic Reviews on the 

Cochranee Library. [9] This may become a valuable 

sourcee of information that can assist health care 

professionalss in choosing among alternative tests 

andd correctly interpreting test results. 
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