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Abstrac t t 

Inn classic studies evaluating diagnostic imaging tests, the main goal is to assess 

itss accuracy; the extent to which the test under investigation corresponds with 

thee truth. An important feature regarding imaging tests is observer variation, 

whichh has a negative effect on the accuracy. Therefore, studies evaluating imag-

ingg tests should disentangle problems related to observer variation from test 

errors.. This requires a detailed inquiry into the amount and mechanisms of 

observerr variation. 

Therefore,, we closely analyzed the process of radiological evaluation in order to 

investigatee potential sources of observer variation which might be prevented. 

Basedd on this analysis, we constructed an 'integrated design' in which a distinc-

tionn was made between detection and interpretation and radiological evaluation 

wass considered as a lesion-based process. 

AA more integrated approach to the reporting and analysis of observer variation 

leadss to higher efficiency in study designs and more useful information on the 

valuee of imaging tests in clinical practice. 

S S 
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Introductio n n 

Thee main goal in the classic evaluation of diagnostic 

testss is to assess their accuracy; the extent to which 

thee test results corresponds with the 'truth'. !n a 

classicc accuracy study the results of the test under 

evaluationn (index test) are compared with those of a 

referencee standard to verify whether the index test 

resultss were true or false. The most common test 

characteristicss to express the accuracy of the index 

testt are the sensitivity and the specificity [1]. 

Nextt to accuracy, a second feature determines the 

valuee of imaging tests: observer variation. These 

twoo concepts are closely related: observer vari-

abilityy has a direct negative effect on the accuracy 

off the index test [2]. In most clinical radiological 

papers,, however, the accuracy and the observer 

variationn of the same test are reported and ana-

lyzedd as separate entities, and oftentimes as 

separatee articles. A comparable tendency can be 

observedd in methodological articles on diagnostic 

accuracy.. In a recent series on the fundamentals 

off clinical research for radiologists, there is no 

mentionn of how to deal with interobserver varia-

tionn in the chapter on the evaluation of diagnostic 

imagingtestss [3]. A recent textbook on the statisti-

call evaluation of medical tests does not provide a 

standardizedd approach to analyzing and reporting 

accuracyy in case of observer disagreement [ l]. ln 

thiss paper we propose a more integrated approach 

too the analysis and reporting of observer variation 

andd accuracy. 

Wee will first discuss the problems attached to the 

basicc evaluation of imaging tests. In the second 

section,, we will present the underlying frame-

workk for the integrated approach. Hallmarks of 

thiss framework are the differentiation between 

detectionn and interpretation in radiological read-

ingss and how to deal with multiple lesions per 

patient.. In the third and fourth section we present 

thee basic elements of an integrated design and 

thee accompanying data acquisition, analysis and 

reportingg of results. In the last section we discuss 

thee strengths, weaknesses and potential areas for 

furtherr improvements in the evaluation of imaging 

testss by using an integrated design. 

1.. Basi c evaluatio n of 
imagin gg test s 

Thee basic method to evaluate an imaging test is 

too assess the accuracy (the extent to which the 

testt corresponds with the 'truth') and the observer 

agreementt (Figure 1). Ideally, a prospective cohort 

off consecutive patients receive the test under 

evaluationn (index test) as well as the reference 

standardd to verify whether the index test results 

weree true of false. To assess the interobserver 

agreementt at least one second independent 

readerr is needed. Analogue to most articles on 

diagnosticc test evaluation, we use the basic 

examplee of a dichotomous test compared with a 

referencee standard [1, 2], 

Figur ee 1 . Basic study design to evaluate imaging tests 
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Figur ee 2. Results of a basic study to evaluate a single. 
dichotomouss imaging test evaluated by two independent 
observers s 

A.. Unpaire d compariso n wit h referenc e standar d 
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B.. Interobserve r agreemen t 
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Note:: TP = true positive, FP = false positive, FN = false nega-
tive,, TN = true negative 

Figuree 2 shows the results following from the basic 

studyy design in figure 1, in which a single imaging 

testt with dichotomous test results was evaluated 

byy two independent observers. From the cross 

tabulation,, the accuracy and the interobserver 

agreementt (kappa-statistic) can be calculated, 

whichh represent the most common parameters in 

imagingg test evaluation [2], 

Thee accuracy of the index test is usually expressed 

ass the sensitivity and specificity. Sensitivity is 

definedd as the number of true positives relative 

too the total number of diseased. The specificityfor 

thee stands for the number of true negatives relative 

too the total number of non-diseased. From figure 

2A,, we can infer that we are able to calculate a 

sensitivityy and specificity for each observer, which 

needd not be the same in case of disagreement. 

Inn case of disagreement, the most basic summary 

measuree to express the accuracy is by calculat-

ingg the mean of the test characteristics, provided 

thatt the observer agreement can be considered 

ass 'acceptable'. The latter is usually determined 

byy the kappa-statistic which expresses agreement 

beyondd chance [4}. 

1 .11 Limitation s of th e basi c stud y desig n 

AA fundamental limitation of the basic approach to 

thee evaluation of diagnostic imaging tests is its 

poorr correspondence with clinical practice. One 

limitationn is the patient-based nature of the design, 

whilee most radiological evaluations are lesion-

basedd (see section 2). Second, in the evaluation 

off a radiological image, there is a fundamental 

differencee between detection and interpretation 

off abnormalities (see section 2). By ignoring this 

lesion-basedd process valuable information on the 

naturee of observer disagreement gets lost. Fur-

thermore,, separate reporting of observer variation 

andd accuracy destroys the natural link between 

thesee two concepts. The next sections illustrate 

howw a more integrated approach will provide more 

insightt in the nature and consequences of observ-

err disagreement. 

Addd itionally,thereare several limitationswith respect 

too expressing the accuracy in case of disagreement. 

Methodss such as ROC-analysis and log linear mod-

elss [5] all have the same limitation: they summarize 

thee amount of agreement under the assumption 

thatt the agreement can be qualified as 'acceptable'. 

Thee issue of interpreting the seriousness and the 

consequencess of interobserver agreement will be 

discussedd in the following sections. 
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2.. Radiologica l evaluation : 
aa lesion-based, two-step process 

Wee feel that the deepest layer of reading a radio-

logicall image is a lesion-based, two-step process. 

AA basic example is presented in figure 4. In the 

firstt step (detection), the image is compared with 

'normall anatomy' in order to decide whether an 

abnormalityy (lesion) is present. In the second 

stepp (interpretation), a description of the detected 

abnormalityy is given. We would like to emphasize 

thatt disagreement can occur in both steps: observ-

erss can disagree on the presence of an abnormality 

andd observers can disagree on the interpretation 

off an abnormality, provided that it was detected by 

bothh observers (Arrow in figure 4). 

Figur ee 4. Radiological evaluation: lesion-based two-step 
process s 
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Note:: Arrow indicates that only the lesions detected by both 
observerss can be used to assess the interobserver agree-
mentt on interpretation. 

Figuree 4 represents the results on a per-lesion basis, irrespec-
tivee of the number of patients in the study. The patient-based 
analysiss of the integrated design is discussed in section 4. 

Detectio n n 

Thee first step in a radiological evaluation is the 

detectionn of abnormalities. This step should be 

consideredd as dichotomous lesion-based process: 

aa lesion is either present or not. As shown in fig-

uree 4, the detection-step does not yield negative 

results:: for example, in the detection of colonic 

polyps,, the physician considers the colon as nor-

mall until a polyp is detected. Theoretically, there 

aree an infinite number of negative results in the 

partt of the colon without abnormalities. In reality, 

thee physician only provides a positive test result 

forr each detected abnormality (polyp) but no test 

resultt in the rest of the colon. Afterwards, only on 

aa per-patient basis, the test-result can be consid-

eredd as negative in patients without any polyps 

(seee section 4). 

Interpretatio n n 

Inn radiological evaluation there are three basic 

stagess of interpretation of a detected lesion. The 

firstt stage consists of quantitative measurements 

suchh as diameter, volume or velocity of flow. The 

secondd stage comprises radiological descrip-

tionss such as enhancement pattern, delineation, 

growthh into an adjacent organ or e.g. protrusion of 

ann intervertebral disc. In the third stage a clinical 

interpretationn is given such as 'blood', 'metasta-

sis'' or 'herniated disc'. We would like to mention 

thatt each stage of interpretation can also be a 

sourcee of observer variation. 

Distinguishingg detection and interpretation has 

implicationss for designing studies to evaluate 

imagingg tests. The most important implication is 

thatt observer variation on interpretation should 

bee evaluated only in those lesions detected by 

bothh observers (Arrow in figure 4). For example, it 

makess no sense to investigate the agreement on 

whetherr a lesion is a bulging disc or a herniated 



discc if there is already disagreement on whether 

thee disc is abnormal or normal. 

Figuree 4 represents the results on a per-lesion 

basis,, irrespective of the number of patients in the 

study.. The patient-based analysis of the integrated 

designn is discussed in section 4. 

3.. Integrate d desig n 

InIn this section we present the basic model for an 

integratedd design to evaluate a single imaging 

testt with two observers and we discuss the analy-

siss and reporting of the results of our model. The 

designn is based on the lesion-based, two-step 

modell as presented in section 2. 

3.11 Matching 

Figuree 5 shows the flow chart of the integrated 

design.. Analogue to the two-step process of radio-

logicall evaluation, the design is lesion-based. To 

evaluatee whether the observers agree on the inter-

pretationn of detected abnormalities, it is of vital 

importancee that both observers interpret identical 

lesionss (arrow in figure 4). To do so, the indepen-

dentlyy detected lesions have to be matched. To 

matchh a lesion, both observers have to provide 

somee indication of the location of the detected 

lesions.. Localization of lesions is particularly 

importantt in patients with multiple lesions. 

Thee combined process of detection and localiza-

tionn can lead to two types of non-matching between 

bothh observers. The first type occurs when both 

observerss evaluate identical locations but they 

disagreee on the presence of a lesion. The second 

typee of non-matching occurs when the observers 

doo not evaluate identical locations. This can lead 

too underestimated agreement (when both observ-

erss detect the same lesion but they differ on the 

location)) or overestimated agreement (when both 

observerss seem to detect the same lesion, but in 

realityy the lesions are in different locations). 

3.22 Re-evaluatio n 

Inn the integrated design, there are two points in 

timee in which the observers should discuss the 

disagreeingg results after detection and after inter-

pretation.. These are indicated by 're-evaluation' in 

figuree 5. By re-evaluating the discrepant results, 

thee researchers have an opportunity to evaluate 

thee nature of any disagreements. The arrows in 

figuree 5 indicate that, after re-evaluation, disagree-

mentt either persists ('persisting disagreement') 

orr is resolved . In case of resolution, the lesions 

involvedd can re-enter the evaluation process. If, for 

example,, the cause of disagreement is a localiza-

tionn problem which can be solved, these lesions 

cann still be useful in the interpretation-step. 

Thee lesions in which the observers continue to dis-

agreee after re-evaluation without a solvable cause 

off disagreement do not re-enter the evaluation 

process. . 

3.33 Data-acquisitio n 

Figuree 6 shows the data-acquisition form for our 

integratedd design. For each patient there should 

bee a different form. In the detection step, the 

questionss asked are straightforward (Abnormality 

present?;; if yes, describe the location), whereas 

inn the interpretation step many types of ques-

tionss can be asked (see section 2 'interpretation'). 

Wee would like to recommend the use of reliable 

measurementt methods and generally accepted 

categorizationss to reduce potential disagreement. 
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Figur ee 5. Integrate d design : flow char t 
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Uncertaintyy in the evaluation of radiological imag-

ess is a common phenomenon [6]. Therefore many 

radiologicall studies use qualitative measures 

suchh as an ordinal 5-point scale (e.g. certainly 

malign,, probably malign, equivocal, probably 

benign,, certainly benign) or a continuous visual 

analoguee scale to give the observers the opportu-

nityy to express their uncertainty A major limitation, 

however,, of these measurements is the poor 

reproducibilityy and the inability to retrospectively 

retrievee the cause of disagreement [7]. 

Therefore,, we advise to assess the uncertainty in 

aa qualitative way by simply asking the observers 

whetherr they are uncertain indicated by 'unclear' 

yess or no and, if yes 'why' (see figure 6). 



3.44 Blindin g & pre-tes t informatio n 

Duringg evaluation the observers should be blinded 

forr each others' results. Because in the integrated 

designn the observers evaluate the images before 

thee verification procedure, they are automatically 

blindedd for the results of the reference standard. 

Too prevent for incorporation bias, the final diag-

nosiss should be determined blinded for the index 

testt results [8]. 

Itt is suggested that the observers should be blinded 

forr clinical information (or any pre-test information) 

too prevent bias [9]. However, a recent review of lit-

eraturee showed that little evidence is available that 

pre-testt information causes a negative or positive 

influencee on radiological evaluation [10]. In some 

instances,, not knowing pre-test information might 

evenn have a negative influence on the radiologists' 

Figuree 6. Integrated design: data acquisition form 
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Iff  unclear , why? : 

performance.. Therefore, we would like to recom-

mendd that the observers should be allowed to use 

pre-testt information as long as the information is 

providedd in a standardized fashion. 

4.. Analysi s and reportin g 

Thee integrated design yields a multitude of results 

whichh can be analyzed and reported in several 

ways.. Contrary to most reports of accuracy studies, 

ourr analysis starts with a detailed summary of the 

magnitudee and nature of the observer variation in 

aa lesion-based and a patient-based analysis. The 

secondd part of the analysis comprises the results 

off the comparison with the reference standard to 

estimatee the accuracy of the index test, also in a 

lesion-basedd and a patient-based analysis. 

4 . 11 Observe r variatio n 

Summarizingg the lesion-based results as 

describedd in figure 4 can help research-

erss to understand the magnitude and 

thee causes of disagreement. From these 

tabless one is able to derive as to whether 

thee disagreement was a detection-based 

problemm or an interpretation-based prob-

lem.. The number of lesions in which 

observerss were uncertain ('unclear' in 

figuree 6) and whether this led to disagree-

mentshouldd also be reported. The number 

off lesions in which the disagreement 

couldd be solved after re-evaluation and 

thee number of lesions with 'real disagree-

ment'' can provide valuable information. 

Iff lesions were re-entered into the evalu-

ationn process after reaching consensus 

duringg the re-evaluation, the results of 

thiss 'second reading' should be reported 

separatelyy from the original 'first reading'. 

& & 
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Figur ee 7. Patterns of disagreement in a patient with two lesions 
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Afterr the detailed lesion-based summary of the 

observerr variation, we are interested in how the 

lesionss are distributed on a per person basts. 

Basedd on the findings by each observer, the 

patientss can be divided into two groups: patients 

withoutt disagreement and patients with disagree-

mentt on the detection or interpretation of one or 

moree lesions. In the first group, there will never be 

aa disagreement on whether the patient is 'posi-

tive'' or 'negative'. In the second group, depending 

onn the number of lesions, several patterns of dis-

agreementt can occur. Despite the disagreement 

onn a lesion-level, the observers may agree on the 

finall diagnosis. In the remaining cases, a final 

diagnosiss cannot be ascribed to the patient. The 

tatterr is illustrated in figure 7 in which the patterns 

off disagreement in one patient with two lesions 

aree presented. In the example, we assume that 

thee patient can be considered as positive for the 

targett diagnosis when both observers agree on 

thee positive interpretation of at least one lesion. 

Therefore,, the first two patterns in figure 7 lead 

too a positive final diagnosis based on the second 

lesionn only, despite disagreement on either detec-

tionn (pattern I) or interpretation {pattern II) of the 

firstt lesion. In the third pattern, the observers 

disagreee on the presence of lesion 1 (detected 

byy observer 1 only). According to observer 1 , the 

lesionn should be interpreted as negative for the 

targett diagnosis. Because observer 2 did not 

detectt any lesions, we can conclude that the final 

diagnosiss is 'negative'. In the last pattern, the key-

problemm is disagreement on the interpretation of 

aa lesion detected by both observers. In our exam-

ple,, this is the decisive lesion on which the final 

diagnosiss should be determined. The problem is, 

however,, that the observers disagree and there-

foree no diagnosis can be reached. 

4.22 Accuracy : inde x tes t versu s referenc e 

standar d d 

InIn this paragraph, we assume that all subjects 

includedd in the integrated design underwent a 

referencee standard which was able to verify all 

lesionss with respect to detection and interpreta-

tion.. Hereby, the maximal amount of information is 

availablee to perform a detailed lesion-based and a 

patient-basedd analysis. 



4 .2 .11 Unpaire d lesion-base d analysi s 

Becausee in the detection-step the number of 

negativee results is infinite, the calculable test 

characteristicss for the detection of lesions are lim-

itedd to the sensitivity and the positive predictive 

value.. After verification by the reference standard, 

wee are able to determine the individual diagnostic 

performancee of each observer (Figure 8). In the 

lesion-basedd analysis of the interpretation, full 

crosss tabulations can be constructed from which 

alll possible test characteristics can be calculated 

forr the individual observers. 

4.2.22 Paire d lesion-base d analysi s 

Inn case of disagreement, comparing the results as 

presentedd in figure 4 with the reference standard 

providess additional information on the true status 

off the discrepant lesions. 

4.3.33 Patient-base d accurac y 

Figuree 9 shows the paired comparison of the patient-

basedd diagnosis with the reference standard. The 

Figur ee 8. Unpaired lesion-based accuracy for detection 
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Note.:: TP = true positive, FP = false positive and FN = false 
negative.. Number of negative results is infinite, therefore the 
calculablee test characteristics are limited to sensitivity (TP/ 
TP+FN)) and the positive predictive value (TP/ TP + FP). 

firstt two rows indicate the patients without any form 

off disagreement. The middle two rows indicate the 

patientss as described in pattern 1, II and III in fig-

uree 7: disagreement on a lesion-tevel not leading to 

disagreementt on the final patient-based diagnosis. 

Thee patients in whom a final diagnosis could not be 

reachedd (pattern IV in figure 7) were divided among 

twoo cells after the verification by the reference 

standard:: either they were verified as positive (VP) 

orr verified as negative (VN). Based on these figures, 

wee can judge the clinical relevance of the observed 

disagreementt and decide on whether a summary 

measuree is appropriate. 

Beforee we decide to calculate a summary mea-

sure,, we propose to assess the seriousness of the 

disagreement.. In our view, interpreting the serious-

nesss of disagreement depends on the potential 

clinicall consequences attached to making an erro-

neouss diagnosis based on disagreement. 

Fromm a statistical point of view, we propose not to 

usee the kap pa-statistic to qualify the disagreement 

(seee discussion). Instead, we propose to compare 

thee observers' test characteristics by simply using 

thee McNemar test for paired proportions. If there 

iss significant disagreement with respect to the final 

diagnosis,, we advise against a summary measure. 

Otherwise,, the mean of the unpaired test charac-

teristicss can be used to summarize the accuracy. 

Discussio n n 

Inn this paper we presented an observer varia-

tionn centered, rather than an accuracy centered 

approachh to the evaluation of imaging tests. The 

purposee of this approach was to prospectively 

integratee observer variation in the evaluation of 
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Figuree 9. Paired patient-based comparison with reference standard 
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Note:: TP = true positive, FP = false positive, FN = false negative, TN = true negative, VP = verified by reference standard 
ass positive and VN = verified by reference standard as negative. Agree = agreement, disag = disagreement. 

radiologicall images by showing how observer vari-

ationn affects measures of accuracy. By focusing 

onn potential sources of observer variation, we con-

structedd a lesion-based, two-step model in which 

detectionn (finding abnormalities compared with 

normall anatomy) was separated from radiological 

interpretation. . 

Usingg our 'integrated design' as a basis for the 

evaluationn of diagnostic imaging tests increases 

thee yield of information with respect to the nature 

off observer variation, expressing the accuracy in 

casee of disagreement and the clinical usefulness 

off the test under evaluation. Applying the inte-

gratedd design forces one to define more specific 

researchh questions, leading to more informative 

measuress of observer variation and accuracy. 

Thee main strength of our integrated design is that 

wee use a more clinical approach to the evalua-

tionn of radiological images by focusing on lesions 

insteadd of patients and by distinguishing detection 

fromm interpretation. By combining this approach 

withh a qualitative uncertainty assessment in each 

stepp of the evaluation (as described in section 3), 

thee data-acquisition has a high correspondence 

withh clinical practice. 

AA second advantage of the integrated design is 

thee prospective assessment of observer variation 

beforee comparison with a reference standard. This 

approachh was based on the principle that a test 

iss useless if the reproducibility is unacceptably 

low.. The integrated design provides the possibility 

off re-evaluating discordant results. During a con-

sensuss meeting the disagreement can appear to 

havee emerged from a cut-off problem, rather than 



Figur ee 10. Example of discrepancy between interpretation of kappa-statistic and proportion of disagreeing results 
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fromm a 'real disagreement' problem. By adjusting 

thee cut-off, the disagreement could be diminished 

duringg a second reading. 

AA difficulty in the evaluation of many imaging 

tests,, including the integrated design, is to deter-

minee whether or not observers have detected the 

exactt same lesions. Theoretically, in all digital 2D 

andd 3D techniques, the observers should be able 

too mark their lesions, which can be matched by a 

thirdd observer. However, in the evaluation of e.g. 

ultrasound,, observers are sometimes unable to 

exactlyy indicate the location of a lesion. To solve 

thiss problem, oftentimes anatomical subunits or 

segmentss are used to locate abnormalities. We 

shouldd realize, however, that in case of multiple 

lesionss per segment matching can be hampered, 

AA different type of matching-problem occurs when 

thee results of the index test are compared with the 

referencee standard. In our example, we assumed 

thatt the reference standard was able to verify all 

lesionss and all interpretations, but in reality there 

couldd be many limitations to the reference standard. 

In,, for example, the verification of colonic polyps 

detectedd by the virtual colonoscopy, the reference 

standardd (optical colonoscopy) might not reach 

thee coecum. Other reference standards might not 

evenn be able to verify on a radiological lesion level, 

butt are only able to distinguish diseased subjects 

Kappa-statisti cc  = 0.62 

Agreement ** = 'good ' 

Agreemen tt  = 8 1 % 

Disagreemen tt  = 19 % 

fromm non-diseased subjects, based, for example 

onn follow-up or a blood-test. Such methods of 

verificationn do not allow researchers to investigate 

thee 'truth' with respect to the steps of the radio-

logicall evaluation process and therefore, valuable 

informationn on the potential limitations of the test 

underr investigation might be lost. 

Inn the analysis and reporting of the integrated 

designn we advise against using the kappa-sta-

tistic.. The interpretation of the kappa-statistic 

oftentimess falsely indicates agreement as 'accept-

able'' while in reality there is a significant and 

clinicallyy important amount of disagreement [11]. 

Inn the example in figure 10, the kappa-statistic is 

0.622 and the proportion full agreement is 81%. 

Accordingg to the categorization by Altman( <0.20 

== poor, 0.21 - 0.40 = fair, 0.41-0.60 = moderate, 

0.61-0.800 = good and 0.81-1.0 = very good), the 

agreementt should be considered as 'good' while 

theree was disagreement in 19% of the persons. 

Theree are many clinical examples in which 19% 

disagreementt can be considered as 'poor'. 

Inn summary, in our view there are many advantag-

ess to using an integrated design, but there is no 

empiricall evidence. In future studies, not only the 

practicabilityy of the integrated design, but also oth-

err territories such as the formulation of research 
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questions ,, data-acquisitio n method s and the num -

berr  of observer s need furthe r exploration . 

Inn the meantime , we woul d lik e to encourag e 

researche ss to emphasiz e th e importanc e of 

detaile dd observe r variatio n assessmen t in radio -

logica ll  studies . 
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