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Multidimensionalityy in diagnostic imaging 

Introduction n 
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Introduction n 

State-of-the-artt radiological imaging takes place in many dimensions. Literally, 

thee development of 3D-imaging techniques has taken a rapid progression in the 

tastt decade. Promising developments are the exploration of other dimensions, 

suchh as depicting sub-cellular processes using biomarkers, imaging of moving 

organss such as the heart, improving the applicability of minimal invasive inter-

ventions,, and combining existing techniques such as spiral CT and PET. 

Thesee developments increase the demand from the radiologist as the multitude 

off diagnostic information originating from modern complex techniques increases 

evenn further. In reading images, radiologists have to rely on easily accessible 

informationn from clinically relevant, well-designed studies. As radiological imag-

ingg techniques are currently improving and developing at an unprecedentedly 

highh pace, the time and resources to perform elaborate long-term evaluation 

studiess are limited. 

Thee purpose of the research presented in this thesis was to make a positive 

contributionn to increasing the efficiency of the evaluation of diagnostic imaging 

testss and to improve our understanding of the potential methodological issues in 

designing,, analyzing and reporting radiological studies. 
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MultidimensionaiityMultidimensionaiity in diagnostic imaging 

Outlinee of the thesis 

Thee introductory chapter 2 introduces the elemen-

taryy research questions that should be answered 

beforee implementing a diagnostic imaging test in 

clinicall practice. 

Thee next four chapters contain the results of a 

largee research project on the value of MRI and 

spirall CT in the diagnostic process of patients 

suspectedd of lumbar herniated discs. The main 

methodologicall issue was the absence of a refer-

encee standard to express the extent to which the 

imagingg techniques corresponded with 'the truth'. 

Wee therefore used alternative measures to gather 

ass much 'circumstantial evidence' regarding the 

usefulnesss of both tests in clinical practice. The 

analysiss was complicated because in each patient 

multiplee anatomical subunits (intervertebral discs 

andd nerve roots) were evaluated and symptom-

aticc as well as asymptomatic abnormalities were 

potentiallyy present. In chapter 3, we investigated 

thee observer variation in the MRI evaluation of 

patientss suspected of herniated discs and we 

analyzedd whether the radiologists were influenced 

byy knowledge of clinical information. In chapter 

4,, we assessed the frequency of symptomatic 

andd asymptomatic abnormalities by correlating 

thee results of clinical examination with MRI. In 

thiss study, we constructed a reference standard 

byy determining a final MRI-based diagnosis dur-

ingg a consensus meeting. In chapter 5 and 6 we 

performedd a comparison of spiral CT with MRI. 

Chapterr 5 contains an unpaired comparison of the 

degreee of observer variation and a paired, head-

to-headd comparison of the radiological findings. In 

chapterr 6, we compared both techniques based 

onn their clinical diagnostic gain, as expressed by 

aa neurologist and a neurosurgeon. Diagnostic 

gainn was defined as the difference between the 

probabilityy of a herniated disc before and after dis-

closuree of the imaging results. 

Chapterr 7 and 8 describe the effects of using an 

imperfectt reference standard, optical colonoscopy, 

inn the evaluation of virtual colonoscopy. Misclassi-

ficationn by the reference standard - in this case, 

missingg polyps,- affects the characteristics of the 

testt under evaluation, possibly leading to overes-

timatedd accuracy of the test under investigation. 

Too estimate the amount of bias, one needs to 

knoww the magnitude of the miss rate of the refer-

encee standard. The systematic review in chapter 

77 describes a solution for this problem by sub-

jectingg patients to the reference standard twice. 

Thiss 'tandem-colonoscopy' procedure consists of 

twoo same-day colonoscopies with polypectomy. 

Subsequently,, the miss rate can be expressed as 

thee number of polyps detected during the second 

examinationn divided by the total number of polyps 

detectedd during both examinations. The available 

evidencee on tandem-colonoscopy studies is sum-

marizedd in chapter 7. 

Inn the study presented in chapter 8, the data of 

chapterr 7 were used to investigate the impact of 

colonoscopicc miss rate on the test characteristics 

off virtual colonoscopy. 

Chapterr 9 is a methodological paper in which we 

proposee an integrated approach to the evaluation 

off observer variation and the accuracy of imag-

ingg tests. The analysis was initiated based on our 

observationn that many radiological evaluations 

analyzee and report observer variation of the same 

imagingg test separately, despite the fact that they 

aree closely related: observer variation has a direct 

negativee effect on the accuracy. The 'integrated 

design'' that we propose is based on a structured 

assessmentt of the potential sources of observer 

variationn by considering radiological evaluation 



ass a lesion-based process in which 'detection' 

andd 'interpretation' are studied separately. This 

integratedd approach can be used to provide a bet-

terr understanding of potentially solvable sources 

off disagreement in studies evaluating diagnos-

ticc imaging tests, particularly in situations where 

theree are multiple lesions per patient. 


