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Stellingen n 

1.. De radiologische beoordeling van lumbale hernia's en 'bulging discs' met MR! wordt niet beïnvloed 
doorr de klinische gegevens 
-- dit proefschrift. 

2.. 'The historical lack of interest of traditional physicians, fundamental anatomists and imaging special-
istss for the deemed trivial and vulgar issue of low back pain is probably responsible to some extent 
forr the absence of a universal consensus regarding the classification of lumbar disc abnormalities. 
'-- Pierre C Miiette, MD, PhD. Radiologic Clinics of North America, 2000; 38(6). 

3.. De voornaamste oorzaak van variatie tussen MRI-beoordelaars van patiënten verdacht voor lumbale 
hernia'ss is onenigheid over de classificatie van een tussenwervelschijf als 'buiging' dan wel normaal 
-- dit proefschrift. 

4.. De kans dat op de MRI een lumbale hernia wordt gezien op het niveau dat overeenkomt met de 
bevindingenn van het lichamelijk onderzoek is kleiner dan 33% - dit proefschrift. 

5.. Voor de beoordeling van lumbale hernia's is spiraal-CT even geschikt als MRI, echter voor de 
beoordelingg van wortetcompressie is MRI betrouwbaarder 
-- dit proefschrift. 

6.. Het kwantificeren van de diagnostische winst van een test met behulp van de Visual Analoge 
Schaall levert zeer gecompliceerde, weinig reproduceerbare maar uiterst interessante data op 
-- dit proefschrift. 

7.. Tijdens colonoscopic worden zelden poliepen van één centimeter of groter gemist 
-- dit proefschrift. 

8.. Tijdens colonoscopic wordt een significante hoeveelheid poliepen van één centimeter of kleiner 
gemist;; de klinische betekenis hiervan blijft echter een onderwerp van discussie 
-- dit proefschrift. 

9.9. Het gebruik van optische colonoscopie als de referentiestandaard voor het detecteren van 
poliepenn kleiner dan één centimeter wordt de accuratesse wan de virtuele colonoscopie overschat 
-- dit proefschrift. 

10.. Het integreren van de variatie tussen waarnemers in de evaluatie van de accuratesse van radiolo-
gischee tests leidt tot efficiëntere studies die meer klinisch toepasbare informatie opleveren 
-- dit proefschrift. 

11.. Eén van de belangrijkste voordelen van het in dit proefschrift voorgestelde 'integrated design' is 
datt de kappacoëfficiënt voor variatie tussen waarnemers niet meer gebruikt hoeft te worden 
-- dit proefschrift. 

12.. 'A little inaccuracy sometimes saves tons of explanation.' - Saki 'The Square Egg', 1924. 

13.. Epidemiologie is wél leuk. 
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CC h a p t er 

Multidimensionalit yy  in diagnosti c imagin g 

Introductio n n 
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Introductio n 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. 

D D 



MultidimensionaiityMultidimensionaiity in diagnostic imaging 

Outlin ee of th e thesi s 

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. 
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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 accurat e 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 

Figur ee 1. 2x2 contingency table 

Indexx test 

Refere e 

+ + 

neee standard 

+ + 

TP P 

FN N 

FP P 

TN N 

Sensitivityy -

Specificityy = 

== TP/(TP+FN) 

== TN/(FP+TN) 

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 tes t improv e diagnosti c 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]. 

B B 



Cann th e tes t improv e patien t 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  th e tes t 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. 

Observe rr  variatio n 

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. 

Reportin gg diagnosti c studie s 

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. . 

Diagnosti cc  review s 

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. 

D D 
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Abstrac t t 

Objective .. Our objective was to assess observer variation in MRI evaluation in 

patientss suspected of lumbar disk herniation. 

Subjectss and methods. Two experienced neuroradiologists independently evalu-

atedd 59 consecutive patients with lumbosacral radicular pain. Per patient, three 

levelss (L3-L4 through L5-S1) and the accompanying roots were evaluated on 

bothh sides. For each segment, the presence of a bulging disk or a herniation 

andd compression of the root was reported. Images were interpreted twice: once 

beforee and once after disclosure of clinical information. Interobserver agree-

mentt was expressed as unweighted kappa values. 

Results .. Without clinical information, interobserver agreement for the presence 

off herniation or bulging disk was moderate (full agreement, 77%; = 0.59; 95% 

confidencee interval [CI], 0.51-0.67). Of a total of 352 segments evaluated, there 

wass disagreement on 80 segments (23%): bulging disk versus no defect in 48 

(14%),, bulging disk versus herniation in 14 (4%), and hernia versus no defect in 

188 (5%). There was no difference in the interobserver disagreement after evalu-

ationn with knowledge of clinical information (Full agreement, 77%; = 0.59; 95% 

CI,, 0.49-0.69; p = 0.9). 

Conclusion .. On average, more than 50% of interobserver variation in MRI evalu-

ationn of patients with lumbosacral radicular pain is caused by disagreement on 

bulgingg disks. Knowledge of clinical information does not influence the detec-

tionn of herniated discs and bulging discs. 



ObserverObserver variation in MR! evaluation of patients suspected of lumbar disk herniation 

Introductio nn Subject s and method s 

Thee main reason for MRI referral of patients with 

chronicc radicular pain below the knee—without 

aa history of neoplasm, infections, or other rare 

abnormalities—iss to distinguish between patients 

withh and without herniated disks. This distinction 

requiress accurate imaging because small hernia-

tionss can be difficult to detect. The accuracy of 

MRII for predicting the presence of disk herniations 

att surgery is relatively high {varying from 76% to 

96%)) [1], and thus it has become the investigation 

off choice for patients suspected of lumbar disk 

herniationss [2-4] , 

However,, observer agreement was moderate in 

thee few MRI studies that have reported on observ-

err variation [5, 6]. In these, lack of clarity on the 

definitionn of bulging disk was considered a major 

sourcee of observer variation. Another potential 

sourcee of variation is the influence of clinical infor-

mationn on image assessment. Recent textbooks 

onn diagnostic research recommend blinding 

observerss to reduce variation [7, 8], In practice, 

mostt radiologists consider clinical information 

useful,, especially in patients suspected of lumbar 

diskk herniation. Little evidence is available on the 

impactt of clinical information when evaluating MR 

imagess of the lumbar region. 

Inn this prospective cohort study, we investigated 

observerr variation in MRI evaluation for patients 

suspectedd of lumbar herniations by quantifying 

thee amount of agreement between observers. We 

alsoo assessed possible causes of disagreement 

betweenn observers and the effect of clinical infor-

mationn on observer variation. 

Patient s s 

Wee performed a prospective single-center study 

betweenn June 1999 and June 2000 as part of 

aa larger project on the diagnostic process for 

patientss with lumbosacral radicular pain at the 

Amsterdamm Academic Medical Centre. Patients 

weree recruited from the neurology outpatient 

department.. Eligible were patients referred by 

theirr general practitioner with lumbosacral radicu-

larlar syndrome (LRS) with suspected disk herniation 

att levels L3-L4, L4-L5, or L5-S1, in whom con-

servativee treatment was unsuccessful. LRS was 

definedd accordingto the national general practitio-

ner'ss guideline and the consensus statement on 

diagnosticss and treatment of LRS defined by the 

Dutchh Neurological Society [9]. The definition is 

basedd on continuous mono- or multiradicular pain 

beloww the knee with a primary suspicion of disk 

herniation.. After unsuccessful conservative treat-

mentt for at least 4 weeks, patients are considered 

potentiall candidates for surgery. 

Excludedd were patients younger than 18 years or 

olderr than 70 years, pregnant women, patients 

withh a previous history of lumbosacral herniation 

orr lumbosacral surgery, and patients with contra-

indicationss for MRI. 

Afterr the neurologist had confirmed the diagnosis 

off LRS, patients were subjected to MRI within 1 

weekk and no treatment was given within this peri-

od.. The institutional review board approved the 

studyy protocol, and written informed consent was 

obtainedd from all patients. 

Imagin gg Techniqu e 

Lumbarr MR) examinations were performed with 

aa 1.5-T Signa LX Scanner (GE Healthcare) using 

aa dedicated lumbar spine surface coil. The pro-

tocoll included sagittal spin-echo Tl-weighted 

E E 



(TR/TE,, 500/14) and proton-density, T2-weighted 

(TRR 3,500/TE 120 = 20) fast spin-echo images with 

4-mmm slice thickness, 0.5-mm intersection gap, 

2000 x 512 matrix, and 29 x 29 cm field of view. In 

addition,, axial spin-echo Tl-weighted (520/12) and 

fastt spin-echo T2-weighted (4,500/120) images 

weree obtained from the level of L3 to the bottom 

off S I with 4-mm slice thickness, 0.5-mm intersec-

tionn gap, 200 x 256 matrix, and 15 x 15 cm field 

off view. Axial images were obtained without angu-

lation.. Finally, heavily T2-weighted (5,000/252) 

spin-echoo oblique MR myelography was performed 

withh two image slices of 20-mm thickness, a 250 x 

2200 matrix, and a 16 x 16 cm field of view. 

Dat aa Collectio n 

Twoo experienced neuroradiologists evaluated all 

imagess twice within one session: once with and 

oncee without clinical information. The images were 

presentedd per patient in a random order. Directly 

afterr evaluation without clinical information, clini-

call information was provided in a standardized 

wayy and consisted of side, level, and severity of 

symptomss using a Visual Analogue Scale [10]. No 

otherr results were disclosed. 

Threee lumbar disks were examined per patient at 

levelss L3-L4, L4-L5, and L5-S1 . Each disk was 

scoredd for the presence of a herniation on the left 

orr the right side. If no herniation was detected, 

iff applicable, observers recorded the presence 

off a bulging disk or concluded that there was no 

lesionn at all. The definition of a bulging disk was 

accordingg to the description by Jensen et al. [11]: 

"circumferentiall symmetric extension of the disk 

beyondd the interspace." No distinction between 

protrusionn and extrusion was made: Both were 

consideredd a herniated disk. 

Rootss corresponding with these disk levels (L4, L5, 

andd SI ) were examined per side. A five-point scale 

wass used: definitely no root compression, possi-

blyy no root compression, indeterminate, possibly 

roott compression, and definitely root compression 

(MRII examples are shown in Figs. 1A, IB , and 2). 

Thesee data were dichotomized into root compres-

sionn (last two categories) and no root compression 

(otherr categories). 

Statistica ll  Analysi s 

Threee lumbar levels were evaluated on both sides, 

resultingg in data of six segments per patient, with 

twoo opposite segments representing one lumbar 

level:: L3-L4 left, L3-L4 right, L4-L5 left, L4-L5 

right,, L5-S1 left, and L5-S1 right. For each seg-

ment,, we recorded whether there was a herniated 

disk,, a bulging disk, or no abnormality. If an observ-

err detected a bulging disk at a certain lumbar 

levell according to the definition described ear-

lier,, it bulged into both opposite segments. In our 

analysis,, we considered both these segments as 

bulgingg disk although only one disk was involved. 

Analogously,, if an observer detected a median 

herniationn (a disk herniating into two opposite seg-

mentss of one lumbar level), we also recorded both 

segmentss as a herniated disk. 

First,, we constructed two segment-based 3 x 3 

tabless (observer 1 vs observer 2) for each side of 

thee patient (left and right). Second, we combined 

thesee two tables into one 3 x 3 table, adding 

thee numbers in each cell. This aggregate table 

representss the three categories of radiological 

findingss (herniated disk, bulging disk, and no her-

niation)) taking the side of the patient into account. 

Analogously,, we constructed an aggregate 2 x 2 

tabiee for root compression. To express observer 

variation,, we calculated the percentage absolute 

agreementt and the unweighted kappa values [12] 

usingg the tables described. Bootstrap techniques 

[13]] were used to estimate 95% confidence inter-

valss and to test for differences in kappa values (z 

test),, acknowledging any correlation that might exist 
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Figuree 1 . Examples of 5-point scale for root compression. 
Figuree 1A. -60-year-old man with right-sided lumbosacral radic-
ularr syndrome at level L5-S1. Sagittal spin-echo unenhanced T l -
weightedd MR image (TR/TE. 500/14) shows foraminal herniation 
off L4-L5 disk. Arrow indicates left-sided nerve root L4, reported 
ass "possibly no root compression" by one interpreter. 

Figuree I B . —60-year old man with right-sided lumbosacral radic-
ularr syndrome at level L5-S1. Axial spin-echo Tl-weighted MR 
imagee (520/12) shows right-sided nerve root S I (arrow), report-
edd as "indeterminate" by both interpreters. 

Figuree 2. —42-year-old man with left-sided lumbosacral radicular 
syndromee at level L4-L5. Axial spin-echo unenhanced Tl-weight-
edd MR image (TR/TE, 520/12) shows right-sided paramedian 
herniationn of L4-L5 disk. Arrow indicates right-sided nerve root 
L5.. reported as "possibly root compression" by both interpreters. 

Result s s 

betweenn segments within a single patient. Two-sided 

pp values of less than 0.05 were used to indicate sta-

tisticall signif icance. 

Alll calculat ions were performed with SPSS 11.0 (Sta-

tisticall Package for the Social Sciences) for Windows 

(Microsoft)) and SAS 8.2 (SAS Institute) software. 

Sixty-fourr consecut ive el igible pat ients were identi-

f ied.. Three pat ients d id not undergo MRI because 

off c laust rophobia and were excluded. Two more 

pat ientss were excluded because their data were 

nott avai lable. Data for one pat ient we re incom-

plete:: Four segmen ts were evaluated instead of 

six.. These segments were inc luded in the analysis. 



AA total of 352 segments from 59 patients (37 men 

andd 22 women; age range, 20 -70 years; mean, 

444 years) were included in our analysis. Of these 

patients,, 20 received surgical treatment for a 

diskk herniation and three for spinal stenosis. The 

remainingg 36 received conservative treatment. 

Herniate dd Disk s 

Withoutt clinical information, interobserver agree-

mentt on the presence of disk herniation or a 

bulgingg disk was moderate ( = 0.59; 95% CI, 0.51-

0.67;; Table 1). The observers fully agreed on 272 

(77%)) of the 352 segments. In the remaining 80 

segments,, the observers disagreed on the pres-

encee of a herniated disk 32 times (40%). For 18 

off these 32 instances, one of the observers had 

reportedd no lesion at all. For the remaining 14, one 

observerr had reported bulging disk. 

Afterr disclosure of clinical information, full agree-

mentt was also reached for 272 of 352 segments 

(77%).. Compared with blinded evaluation, the 

interobserverr agreement did not differ ( = 0.59; 

95%% CI, 0.49-0.69) but not significant (p = 0.12; 

Tablee 1). In one segment both observers changed 

theirr diagnosis from no herniation to herniated 

discc (Table 1). Disagreement on herniated disk 

wass observed in the same 32 segments as in the 

blindedd evaluation. 

Media nn Herniate d Disk s 

Observerr 1 reported eight median herniated 

disks,, and observer 2 reported four. With and with-

outt clinical information, both observers reported 

thee same median herniated disks. The observers 

agreedd on the presence of a median herniated 

diskk four times (eight segments). Three times, 

observerr 1 reported a median herniated disk (two 

segments),, whereas observer 2 reported a lateral 

herniatedd disk (one segment). Once, observer 2 

didd not agree with observer 1 on the presence of a 

mediann herniated disk, resulting in disagreement 

onn two segments. 

Roo tt  Compressio n 

Thee observers agreed fully on 329 (94%) of 352 

segmentss without clinical information and on 326 

segmentss (93%) with clinical information (Table 2). 

Tablee 1 . MRI evaluation of lumbar discs 

Radiologistt 1 

Radiologistt 2 

HNP P 

Bulge e 

No o 

Total l 

Agreement t 

Disagreement t 

Noo vs Bulge 

Bulgee vs HNP 

HNPvsNo o 

Total l 

HNP P 

50 0 

6 6 

7 7 

63 3 

BLINDED D 

Bulge e 

8 8 

40 0 

14 4 

62 2 

No o 

11 1 

34 4 

182 2 

227 7 

77%% (272 / 352) 
KK = 0.59 (0.51-0.67) 

488 (60%) 

144 (18 %) 

188 (22 %) 

80{1000 %) 

Total l 

69 9 

80 0 

203 3 

352 2 

WITHH CLINICAL INFORMATION 

HNP P 

51 1 

6 6 

7 7 

64 4 

Bulgee No 

88 11 

400 34 

144 181 

622 226 

77%% (272 /352) 
«« = 0.59(0.51-0.67) 

P-valuee for difference 

488 (60%) 

144 (18 %) 

188 (22 %) 

800 (100 %) 

Total l 

70 0 

80 0 

202 2 

352 2 

== 0.90 
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Tablee 2. MRl evaluation of root compression 

Radiologistt 2 

Yes s 

No o 

Total l 

Agreement t 

Yes s 

44 4 

12 2 

56 6 

94%% (329 /352) 

Radio o 

BLINDED D 

No o 

11 1 

285 5 

296 6 

KK = 0.77 (0.63-0.83) 

ogistt 1 

Total l 

55 5 

297 7 

352 2 

WITHH CLINICAL INFORMATION 

Yes s 

45 5 

17 7 

62 2 

93%% (326 / 352) 

KK = 0.75 (0.67-0.83) 

No o 

9 9 

281 1 

290 0 

P-valuee for difference = 0.59 

Total l 

54 4 

298 8 

352 2 

Blindedd and non-blinded evaluations did not differ: 

Withoutt clinical information, the kappa value was 

0.755 (95% CI, 0.67-0.83); with clinical information, 

thee kappa value was 0.77 (95% CI, 0.63-0.83; p = 

0.59). . 

Discussio n n 

Ourr study showed substantial disagreement 

betweenn observers when using MRl in patients 

suspectedd of lumbar herniations, despite its sta-

tuss as the gold standard. On average, we observed 

disagreeingg results in 58 (16%) of 352 segments 

inn 30 (51%) of 59 patients. Overall, 50% of the 

discordantt results between the observers in our 

studyy were caused by disagreement involving the 

bulging-diskk diagnosis, either versus no lesion or 

versuss herniated disk. The moderate interobserver 

agreementt we found is well in-line with previ-

ouslyy reported studies. In 1995, Brant-Zawadzki 

ett al. [5] conducted an MRl study comparing two 

nomenclaturess for lumbar herniations and con-

cludedd that bulging disk was the main reason for 

moderatee agreement, as our findings confirmed. 

InIn most of our patients, observers disagreed on 

whetherr a bulging disk was present or whether 

noo abnormality was seen at all. Bulging disks 

usuallyy are assumed to be asymptomatic lesions 

becausee they are common in the general asymp-

tomaticc population (52% of asymptomatic people 

havee at least one [11]); one could therefore argue 

aboutt their clinical relevance. A second argument 

againstt the clinical relevance of bulging disks is 

thatt surgical treatment is not an option; in other 

words,, a patient with a bulging disk and radicular 

painn is likely to undergo conservative treatment. 

Ourstudyshowedd thatclinical information does not 

influencee the evaluation of lumbar disks because 

bothh observers reported the same lesions with or 

withoutt clinical information. Still, disagreement on 

thee presence of a herniated disk remains a key 

issue.. On average, we observed disagreement 

onn the presence of a herniated disk in 10% of all 

segmentss in 21 of 59 patients (36%). This type of 

disagreementt is clinically relevant, because the 

decisionn whether to surgically intervene depends 

greatlyy on a clear MRl diagnosis. In practice, 

uncertaintyy on the presence of a herniated disk 

will—inn most cases—result in conservative treat-

ment,, just or unjust. 

Too obtain better insight into the possible causes of 

discrepancies,, a panel reevaluated the MR imag-

ess involving the presence of a herniated disk. For 



322 segments of 2 1 patients, the observers dis-

agreedd on the presence of a herniated disk (Table 

1).. Additional pathology was considered to cause 

disagreementt in the evaluation of seven segments 

{fivee patients): spondylolisthesis (three segments; 

twoo patients), collapsed vertebrae (two segments; 

onee patient), or annular tear (two segments; two 

patients). . 

Forr five segments, no additional pathology was 

reported,, but a median herniation caused dis-

agreement:: Because of the inability to choose 

betweenn left and right, a median herniated disk 

wass scored positive in two opposite segments 

(thee equivalent of one lumbar level). For three seg-

ments,, one of the observers reported a median 

herniationn (two positive segments), whereas the 

otherr observer reported either a left- or a right-

sidedd herniation. In other words, both observers 

detectedd the same herniated disk at the same 

level,, but they disagreed on its location: median or 

lateral.. For the other two segments, disagreement 

occurredd because one of the observers report-

edd a median herniated disk, whereas the other 

observerr recorded no lesion. For three segments 

(twoo patients), "no clarity on the level of L5-S1" 

wass considered to cause disagreement, and for 

177 segments, the small size of the herniation was 

consideredd to be the cause of disagreement. 

Ourr study showed clinical information to have 

virtuallyy no influence on the assessment of root 

compression.. Although 93% full agreement seems 

high,, this figure was highly influenced by the low 

prevalencee of root compression. The accompany-

ingg kappa values are disappointingly moderate, 

consideringg MRI to be the reference standard. 

However,, our results are in-line with previously 

publishedd data [14,15] although these studies did 

nott use a dichotomized five-point scale. Another 

pointt of discussion is that, without a clear refer-

encee standard, it remains unclear whether MRI 

cann always depict all cases of root compression. 

Thee purpose of our study was to consecutively 

includee all patients in whom herniated disk was 

clearlyy suspected but secondary neoplasms, infec-

tions,, or other rare causes were not. However, a 

potentiall bias was introduced in our study during 

thee patient selection procedure. After referral by 

theirr general practitioner, outpatients were select-

ed,, but the exact number of patients who were 

referredd but not selected was not recorded. We 

assumee this situation applies to very few patients. 

AA general problem in imaging studies on lumbar 

herniationss and root compression is the lack of a 

properr reference standard. Surgery is not satisfac-

toryy because surgical exploration of all segments 

iss unethical. Follow-up is also not satisfactory 

becausee a major part of these herniations is self-

limiting.. That is why we decided to refrain from 

ann accuracy study. The scope of this study was 

observerr variation in radiological findings only. We 

alsoo refrained from trying to retrieve the cause of 

symptomss or to distinguish between asymptomat-

icc and symptomatic lesions by correlating clinical 

findingss with MRI. A reliable reference standard is 

neededd to conduct that kind of study. 

Anotherr limitation was the relatively few observers 

andd patients involved, restricting the statistical 

powerr to detect a significant difference between 

thee blinded and non-blinded evaluations. How-

ever,, because most studies on this subject have 

hadd limited numbers of observers and patients, 

ourr results can be compared with those results. 

Observerr variation is a general problem in 

researchh settings. Clear methodology on how 

too conduct a proper observer-variation study in 

imagingg research is not available and should be 

Ej j 
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developed .. For now, in our opinion , diagnostic -

imagin gg studie s shoul d focu s not jus t on reportin g 

agreemen tt  measure s but also on investigatin g 

possibl ee cause s of disagreement . 

Inn summary , althoug h MRI is the investigatio n of 

choic ee for the evaluatio n of patient s suspecte d 

off  havin g herniate d disks , substantia l observe r 

disagreemen tt  was observed . Disagreemen t was 

cause dd mainl y by a lack of consensu s on bulging -

diskk diagnosis . As long as no definit e consensu s 

exist ss  on the nomenclatur e and clinica l relevanc e 

off  bulgin g disks , we advis e radiologist s to adop t 

aa high threshol d for reportin g them . We foun d no 

benefi tt  fro m havin g elaborat e clinica l informatio n 

att  hand for the MRI evaluatio n of patient s suspect -

edd for lumba r herniate d disks . 

Reference s s 

1.. Jarvik JJ, Hollingworth W, Heagerty P, et a!. 
Thee Longitudinal Assessment of Imaging and 
Disabilityy of the Back (LAlDBack) study. Spine 
2001;26:1158-1165 5 

2.. Patel N. Surgical disorders of the thoracic and 
lumbarr spine: a guide for neurologists. J Neurol 
Neurosurgg Psychiatr2002; 73[suppl l]:42 -i48 

3.. Milette PC. Classification, diagnostic imaging, 
andd imaging characterization of a lumbar herni-
atedd disk. Radiol Clin North Am 2000;38:1267 
-1292 2 

4.. Herzog RJ. The radiologic assessment for a 
lumbarr disc herniation. Spinel 996; 21 [suppl):195 

S S 

5.. Brant-Zawadzki MN, Jensen MC, Obuchowski N, 
Rosss JS, Modic MT. Interobserver and intraob-
serverr variability in interpretation of lumbar disc 
abnormalities:: a comparison of two nomencla-
tures.. Spine 1995;1:20:1257-1263 

6.. Raininko R, Manninen H, Battie MC, Gibbons ME, 
Gilll K, Fisher LD. Observer variability in the assess-
mentt of disc degeneration on magnetic reso-
nancee images of the lumbar and thoracic spine. 
SpineSpine 1995;120:1029-1035 

7.. Pepe MS. The statistical evaluation of medical 
teststests for classification and prediction. Oxford, 
UK:: Oxford University Press, 2003: 5-7 

8.. Zhou X, Obuchowski NA, McClish DK. Statistical 
methodsmethods in diagnostic medicine. New York, NY: 
Wiley,, 2002:86-88 

9.. Stam J. Consensus on diagnosis and treatment 
off lumbosacral root entrapment syndromes [in 
Dutch].. Ned Tijdschr Geneeskd] 996; 140:2621 
-2627 7 

10.. Streiner DL, Norman GR. Health measurement 
scales,scales, 3rd ed. Oxford, UK: Oxford University 
Press,, 2003:32 -34 

11.. Jensen MC, Brant-Zawadski MN, Obuchowski N, 
ett al. Magnetic resonance imaging of the lumbar 
spinee in people without back pain. N Engl Engl J 
Med1994;331:69-73 3 

12.. Fleiss Jl_. Statistical methods for rates and propor-
tions,tions, 2nd ed. Hoboken, NJ: John Wiley and 
Sons,19811 : 225-232 

13.. Efron B, Tibshirani RJ, An introduction to the 
bootstrap.bootstrap. Boca Raton, Fl_: Chapman and 
Hall,, 1993 

14.. Vroomen PC, De Krom MC, Wilmink JT. Patho-
anatomyy of clinical findings in patients with 
sciatica:: a magnetic resonance imaging study. J 
Neurosurg20Q0;Neurosurg20Q0; 92[2 suppl]:135 -141 

15.. Vroomen PC, De Krom MC. Knottnerus JA. When 
doess the patient with a disc herniation undergo 
lumbosacrall discectomy? J Neurol Neurosurg 
PsychiatrPsychiatr 2000,68:75 -79 

m m 



. . 



CC h a p te r 

Symptomati cc  and asymptomati c abnormalitie s in 
patient ss wit h Lumbosacra l Radicula r Syndrome : 

clinica ll  examinatio n compare d wit h MRI 

Jeroenn C. van Rijn, MD1, Nina Klemetso, MD2, Johannes B. Reitsma, MD, PhD1, Charles 

B.L.M.. Majoie, MD, PhD2, Frans J. Hulsmans, MD, PhD2, Wilco C. Peul, MD, PhD4, 

Patrickk M. Bossuyt, PhD1, Gerard J. den Heeten, MD, PhD2, Jan Stam, MD, PhD3 

depar tmentt of Clinical Epidemiology & Biostatistics, depar tment of Radiology, 
3Departmentt of Neurology, University of Amsterdam, The Netherlands, department 

off Neurosurgery, Leiden University Medical Center, Leiden, The Netherlands. 

4 4 

Clinicall Neurology & Neurosurgery 2005 Nov 8 



Abstrac t t 

Objective .. To determine the frequency of symptomatic and asymptomatic 

herniatedd discs and root compression in patients with lumbosacral radicular 

syndromee (LRS) and to correlate clinical localization with MRI findings. 

Methods.. Fifty-seven patients with unilateral LRS were included in the study. 

Usingg the visual analogue scale, two physicians independently localized the 

mostt likely lumbar level of complaints. These clinical predictions of localizations 

weree correlated with the MRI findings. 

Results .. MRI showed abnormalities on the symptomatic side in 42 of 57 patients 

(74%).. In 30% of the patients, MRI confirmed an abnormality at the exact same 

levell as determined after clinical examination. On the asymptomatic side, MRI 

showedd abnormalities in 19 of 57 patients (33%), 13 (23%) of these patients 

hadd asymptomatic root compression. 

Conclusions .. In more than two-thirds of the patients with unilateral LRS there 

wass no exact match between the level predicted by clinical examination and 

MRII findings. These discrepancies complicate the decision whether or not to 

operate. . 
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Introductio n n 

Thee most frequent cause of lumbosacral radicu-

larlar syndrome (LRS) is nerve root compression by 

aa herniated disc [1]. Root compression can also 

bee caused by surrounding structures (e.g. degen-

erativee stenosis of root canal or spinal canal, 

spondylolisthesis)) or other less frequent patho-

logicall conditions (malignancies, infections or 

chemicall irritation) [2-4]. To evaluate the lumbar 

region,, MRI is the investigation of choice [5-7]. 

Thee back, however, is notorious for a high 

prevalencee of asymptomatic abnormalities. 

Asymptomaticc herniated discs are a common find-

ingg in the normai population (25%) and therefore 

itt is assumed that within symptomatic patients a 

substantiall number of herniated discs are asymp-

tomaticc too [8] and [9], Besides herniated discs, 

otherr abnormalities in the back detected by MRI 

mayy also be asymptomatic [4, 10-12] 

Too facilitate the distinction between symptomatic 

andd asymptomatic lesions, the ability of current 

MRII to visualize the nerve root is considered help-

ful.. However, MRI aione is not enough to retrieve 

thee cause of LRS. Comparing clinical signs and 

symptomss with MRI-findings remains essential 

too determine which of the MRLdetected abnor-

malitiess are symptomatic and thus, to determine 

whetherr patients are eligible for surgical interven-

tionn [11,13]. 

AA complicating factor within the diagnostic work-

upp of patients with back pain is the reliability of 

clinicall examination [14-16]. Previous myelog-

raphy-basedd studies on clinical localization of 

herniatedd discs concluded that - especially in the 

lowerr lumbar levels - clinical localization is not 

reliablee [17-19]. In 1999, a large systematic review 

onn the value of individual items of clinical exami-

nationn showed that no item of history or physical 

examinationn is highly accurate by itself [20]. It was 

suggestedd that a combination of items of history 

andd physical examination could improve the reli-

abilityy of clinical examination, but currently there 

aree no studies supporting this conclusion. The 

relevancee of the available evidence is also limited 

becausee of heterogeneous patient selection meth-

odss and the use of outdated imaging techniques. 

Thee purpose of this study was to determine the 

frequencyy of symptomatic and asymptomatic her-

niatedd discs and root compression in a prospective 

cohortt of patients with unilateral lumbosacral 

radicularr syndrome. We also evaluated the reliabil-

ityy of clinical localization by comparing it with MRI 

findings.. Clinical localization was based on a sum-

maryy measure (visual analogue scale) in which all 

itemss of history and physical examination were 

combined.. We performed an inter-observer analy-

siss to validate this summary measure. 

Material ss  and method s 

Wee performed a prospective study between June 

19999 and June 2000 as part of a larger project on 

thee diagnostic process of patients with lumbosa-

crall radicular pain atthe Academic Medical Center, 

Amsterdamm University. Patients were recruited 

fromm the neurology outpatient department. Eligible 

weree patients referred by their general practitioner 

withh lumbosacral radicular syndrome (LRS) with 

suspectedd disc herniation at the levels L3-L4, 

L4-L55 or L5-S1 in whom conservative treatment 

wass unsuccessful. LRS was defined according to 

thee national general practitioner's guideline and 

thee consensus statement on diagnostics and 

treatmentt of LRS defined by the Dutch Neurologi-

call Society [21]. The hallmark of this definition is 

continuouss mono-or multiradicular pain below the 
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kneee with a primary suspicion of disc herniation. 

Afterr unsuccessful conservative treatment for at 

leastt four weeks, patients are considered poten-

tiall candidates for surgery. 

Patientss younger than 18 years or older than 70 

years,, pregnant women, patients with a previous 

historyy of lumbosacral herniation or lumbosacral 

surgery,, as well as patients with contraindication 

forr MRI were excluded. 

Afterr the neurologist had confirmed the diagnosis 

off LRS, patients were subjected to MR imaging 

withinn one week and no specific treatment was 

givenn within this period. The Institutional Review 

Boardd approved the study protocol and written 

informedd consent was obtained from all patients. 

Imagin gg techniqu e 

Lumbarr MR examinations were performed with 

aa 1.5 T Signa LX Scanner (General Electric Medi-

call Systems, Milwaukee, USA) using a dedicated 

lumbarr spine surface coil. The protocol included 

sagittall spin-echo Tl-weighted (TR 500 ms, TE 

144 ms) and proton density/T2-weighted (TR 3500, 

TEE 120-20) fast spin-echo images with 4 mm slice 

thickness,, 0.5 mm intersection gap, 200 * 512 

matrixx and 29 cm x 29 cm field of view. In addi-

tion,, axial spin-echo Tl-weighted (TR520 TE 12) 

andd fast spin-echo T2-weighted (TR 4500, TE 

120)) images were obtained from the level of L3 

too the bottom of S I with 4 mm slice thickness, 

0.55 mm intersection gap, 200 * 256 matrix and 

155 cm * 15 cm field of view. Axial images were 

obtainedd without angulation. Finally, heavily T2-

weightedd (TR 5000, TE 252) spin-echo oblique 

MRR myelography was performed with two slic-

ess of 20 mm thickness, 250 * 220 matrix and 

166 cm * 16 cm field of view. 

Dat aa collectio n 

Patientss were examined at the outpatient depart-

mentt of Neurology. Attending physicians collected 

theirr findings of history and physical examination 

onn a standard form before MRI was performed. A 

researchh fellow (N.K.) extracted a case report from 

eachh standard form. Two experienced clinicians, a 

neurologistt (J.S., observerl) and a neurosurgeon 

(W.C.P.,, observer2), independently reviewed the 

casee reports without knowledge of the MRI results. 

Theyy estimated the probability of a disc herniation 

basedd on these case reports using a visual ana-

loguee scale (VAS). This VAS score could range from 

0,, indicating 'no herniated disc' to 10, indicating 

aa herniated disc [22]. The lumbar levels L3-L4, 

L4-L55 and L5-S1 were evaluated on both sides, 

resultingg into six VAS-predictions per patient. 

Imag ee evaluatio n 

Twoo experienced neuroradiologists (C.B.L.M.M. 

andd F.J.H.) independently evaluated all MR images 

blindedd for clinical information. The radiologists 

madee no use of the MR myelography results. The 

imagess were presented per patient in a random 

order.. Each disc was scored for the presence of 

aa herniation and root compression. Discrepancies 

betweenn the two readers were re-evaluated by a 

panell (G.J.dH., C.B.L.M.M.) to determine the final 

MRI-diagnosis. . 

Dataa analysis 
Inn the analysis, we differentiated between lesions 

detectedd on the symptomatic side and lesions 

detectedd on the asymptomatic side. 

Thee level with the highest VAS-score within each 

patientt was selected as the predicted clinical 

level.. Observer variability in clinical localization 

wass assessed by calculating the proportion of full 

agreementt and the kappa-statistic. To evaluate 

thee reliability of clinical localization, we calculated 
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thee proportion of patients in whom a lesion was 

detectedd by MRI at the predicted clinical level. 

Inn addition, we examined whether the quality of 

clinicall localization was different between herni-

atedd discs, root compression and herniated discs 

withh compression of the accompanying nerve root. 

Differencess in the proportion correctly localized 

lesionss were tested using the chi-square statistic. 

P-valuess < 0.05 were considered statistically sig-

nificant. . 

Result s s 

Sixty-fourr consecutive eligible patients with lum-

bosacrall radicular syndrome (LRS) were identified 

withinn the study period. Three patients could not 

undergoo MRI because of claustrophobia. Two 

moree patients were excluded because their data 

weree incomplete, leaving 59 patients with com-

pletee records. Two patients had bilateral LRS. In 

thee remaining 57 patients, both clinicians agreed 

thatt symptoms were unilateral (mono- or multira-

dicular)) as signified by VAS scores of zero on all 

threee contralateral lumbar levels. We limited our 

analysiss to this group. Thirty-four patients had left-

sidedd LRS and 23 had right-sided LRS. 

MRII detected a total of 113 lesions consisting of 

577 herniated discs and 56 compressed roots in 

500 of 57 patients (88%). Seven patients had no 

lesionss on the symptomatic side nor on the asymp-

tomaticc side. 

Symptomati cc  sid e 

Forty-ninee patients (86%) presented with com-

plaintss attributable to 2 or 3 lumbar levels: 31 

(54%)) had signs and symptoms of 2 and 18 (32%) 

off 3 lumbar levels. In 8 out of 57 patients (14%) 

thee clinicians agreed that the complaints were 

attributablee to a single lumbar ievel. 

Thee inter-observer agreement of the prediction of 

thee most likely level of herniation (based on the 

highestt VAS-score within each patient) was good. 

Thee two observers agreed on the same level in 

86%% (49/57) of the patients, leading to a kappa of 

0.788 (95% confidence interval: 0.64-0.92). Table 1 

showss the cross-classification of the predicted lum-

barr levels in each patient from both observers. 

MRII identified 84 lesions consisting of 42 herniated 

discss and 42 compressed nerve roots on the symp-

tomaticc side in 42 of 57 patients (74%) Correlating 

thee clinical localization with the level of MRI-find-

ingss revealed that the prediction of both clinicians 

wass exactly right in only 30% of the patients (fourth 

columnn of Table 1). In the remaining patients, either 

noo MRI abnormality was found (N = 15) at the pre-

dictedd level or an abnormality was identified at a 

Tablee 1 . Inter-observer agreement of clinical level localization in 57 patients with Lumbosacral Radicular Syndrome 

L3-L4a a 

Observe rr  1 

L4-L5 5 L5-S1 1 Total l 

Confirmedd by 

MRIb b 

Observe rr  2 

L3-L43 3 

L4-L5 5 

L5-S1 1 

Total l 

Confirmedd by MRIb 

9 9 

1 1 

0 0 

10 0 

1(10%) ) 

2 2 

16 6 

3 3 

21 1 

3(14%) ) 

0 0 

2 2 

24 4 

26 6 

12(46%) ) 

11 1 

19 9 

27 7 

57 7 

166 (28%) 

1 1 

3 3 

14 4 

18 8 

-9% % 

-16% % 

-52% % 

-32% % 

Note:: Full agreementt on the predicted level was 86%% (49/57); Kappa = 0.78. Values in parentheses are ercentages. 
aa Predicted clinical level, b Proportion of cases in which MRI detected a herniated disc or root compression on the exact same 
levell as predicted after clinical examination. 



Tablee 2.Proportions of MRI lesions at the symptomatic side in which the level was correctly predicted by clinical examination 

Observerr 1 

Observerr 2 

HNP(N=42) ) 

38%% (16) 

43%% (18) 

RC(N=42) ) 

33%% (14) 

33%% (14) 

HNP+RC(N=32) ) 

38%% (12) 

38%% (12) 

Note:: HNP, hernia nuclei pulposi: RC, root compression HNP + RC, herniated disc with root compression of the accompanying 
nervee root. The quality of prediction did not differ between groups (Chi-square: all P-values 0.05). 

levell higher or lower than predicted (N = 22 for 

observer ll and N = 24 for observer2). 

Wee found no evidence that the quality of clini-

call prediction varied between the different types 

off abnormalities. Table 2 shows the MRI results 

stratifiedd by type of lesion. The percentages rep-

resentt the proportion correctly predicted lesions 

byy the observers. The differences between the 

proportionss were not statistically significant for 

bothh observers (observerl: herniated discs (HNP) 

versuss root compression (RC) p = 0.66 and HMP 

versuss HNP + RC p = 0.96; observed: HNP versus 

RCC p = 0.37 and HNP versus HNP + RC p = 0.64). 

Asymptomat i cc  sid e 

Wee found asymptomatic herniated discs in 26% 

(15/57)) of our patients. A total of 13 patients 

(23%)) had signs of root compression on the MRI at 

thee asymptomatic side. Of these 13 patients, the 

roott compression was caused by spondylolisthe-

siss in two cases and one patient had degenerative 

stenosiss of the root canal of L4 and L5 on the 

asymptomaticc side. In the remaining 10 cases, a 

herniatedd disc caused root compression. Four of 

thesee patients also had a second herniated disc 

withh root compression on the symptomatic side. 

InIn three patients, a relatively large herniated disc 

compressedd both the right-sided and the left-sid-

edd nerve root, but causing symptoms only on one 

side.. There were four patients with a herniated 

discc with root compression on the asymptomatic 

sidee without additional anatomical or systemic 

pathology. . 

Discussio n n 

Inn this study, we matched signs and symptoms of 

clinicall examination with MRI findings in patients 

withh lumbosacral radicular syndrome (LRS). The 

frequencyy of symptomatic findings was high, but 

inn more than two-thirds of the patients the level 

off signs and symptoms did not exactly correlate 

withh the MRI-results. We also observed a high fre-

quencyy of asymptomatic herniated discs with root 

compression. . 

Alll patients in our study were included as potential 

candidatess for surgery. In line with the recom-

mendationn from the multidisciplinary guideline for 

thee management of LRS, all patients underwent 

MRR imaging [23]. However, in only one-third of 

thee patients there was an exact match between 

thee predicted level after clinical examination and 

thee MRI findings. In these 'straightforward cases' 

referrall to a neurosurgeon seems appropriate. 

Thiss means that in the majority of cases, there was 

aa discrepancy between the clinical predictions and 

thee MRI results indicating that no MRI abnormality 

wass found at the level with the highest VAS-score. 

Inn most of these patients, an abnormality was 

detectedd by MRI at another lumbar level with a 

lowerr clinical VAS-score, indicating less severe 

signss and symptoms. In these patients, the deci-

sionn on whether to surgically intervene becomes 

complicatedd because there is less certainty with 

respectt to the clinical significance of the MRI 

abnormalities. . 
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Thee available studies on the value of clinical exam-

inationn in patients suspected of herniated discs 

agreedd that no symptom or sign from either his-

toryy or physical examination is highly accurate in 

isolation.. A combination of individual items from 

historyy and physical examination, however, might 

leadd to better discrimination between patients 

withh and without herniation [16, 20, 24]. An advan-

tagee of using the VAS-score was that the clinicians 

weree allowed to incorporate alt items of history and 

physicall examination in their prediction. Using this 

method,, the inter-observer agreement for clinical 

localizationn was good. Still, there were eight cases 

inn which the observers disagreed on the most likely 

lumbarr level of a possible symptomatic herniated 

disc.. In these cases, the MRI showed no lesion 

inn four cases. In the remaining four cases, both 

observerss correctly predicted the level of a herni-

atedd disc once in two separate cases. In patients 

inn whom experienced physicians disagree on the 

significancee of an MRI-confirmed herniated disc, 

thee possible causes of the discordance should be 

evaluatedd before the patient can be considered a 

candidatee for surgery. 

Wee used the VAS-score not only to determine the 

predictedd leve! of an abnormality, but aiso to allow 

thee observers to express their uncertainty. In pre-

viouss studies on level localization, uncertainty 

aboutt the lumbar level of LRS was not an issue 

becausee patients with multiradicular symptoms 

weree excluded [17-19]. In our prospective clini-

call cohort, all patients with signs and symptoms 

off LRS were included. Because the majority of 

patientss with LRS have complaints attributable to 

moree than one lumbar level, there was consider-

ablee uncertainty about the most likely level of a 

herniatedd disc in our study. This did, however, not 

explainn the poor correlation with MRI because in 

thee cases in which the observers indicated to be 

veryy certain about the clinical level, the correlation 

withh MRI was as poor as in the other cases. 

Thee use of MR-myelography and neurophysiological 

examinationss was beyond the scope of our study. 

Moree prospective studies are needed to evaluate 

thee value of additional diagnostic techniques and 

too clarify and standardize the full diagnostic work-

upp and surgical triage of patients with radicular 

pain.. With respect to MRI, the focus should also 

bee on alternative parameters to objectify signs and 

symptoms,, like atrophy or edema of muscles or 

fattyy degeneration in the symptomatic region. 

Recommendation s s 

Whenn comparing clinical examination with the MRI 

resultss in patient with LRS, physicians should be 

awaree that not only herniated discs but also root 

compressionn indicated by MRI might be asymp-

tomatic. . 

Determiningg the clinical relevance of MRI-

confirmedd lesions on the symptomatic side is 

susceptiblee to miss-interpretation because clini-

call localization does not correlate with the imaging 

resultss in a substantial number of patients. As long 

ass the neurological examination is unreliable and 

thee clinical significance of MRI-detected abnormal-

itiess is not thoroughly investigated, physicians will 

nott be able to get to a clear-cut diagnosis in many 

patientss with radicular symptoms. We believe that 

patientss in whom the signs and symptoms do not 

exactlyy match the MRI-results should be re-evalu-

atedd before considering surgery. 

Q Q 



Reference s s 

1.. J.G. Jarvik and R.A. Deyo, Diagnostic evaluation 
off low back pain with emphasis on imaging, Ann 
InternIntern Med 1 37 (2002), pp. 586-597. 

2.. C.W.A. Pfirmann, C. Dora, M.R. Schmid, M. 
Zanetti,, J. Hodler and N. Boos, MR image-based 
gradingg of lumbar nerve root compromise due 
too disk herniation: reliability study with surgical 
correlation,, Radiology 230 (2004) (2), pp. 583-
588. . 

3.. D. Resnick, Degenerative diseases of the vertebral 
column.. Radiology 156 (1985), pp. 3-14, 

4.. J.R. Jinkins and A. Rauch, Magnetic resonance 
imagingg of entrapment of lumbar nerve roots in 
spondylolyticc Spondylolisthesis, J Bone Joint Surg 
76-A(1994)(11),, pp. 1643-1648. 

5.. N. Patel, Surgical disorders of the thoracic and 
lumbarr spine: a guide for neurologists, J Neurol 
NeurosurgNeurosurg Psychiatry 73 (2002) (Suppl 1), pp. 
i42- i48. . 

6.. P.C. Mi lette, Classification, diagnostic imaging, 
andd imaging characterization of a lumbar herni-
atedd disk, Radio! Clin North Am 38 (2000) (6), 
pp.. 1267-1292. 

7.. R.J. Herzog, The radiologic assessment for a 
lumbarr disc herniation, Spine 21 (1996) (24), pp. 
19-38. . 

8.. M.C. Jensen, M.N. Brant-Zawadski, N, Obuchows-
ki,, M.T. Modic, D. Malkasian and J.S. Ross, 
Magneticc resonance imaging of the lumbar spine 
inn people without back pain, NEJM 331 (1994) 
(2),, pp. 69-73 

9.. Boden SD, Davis DO, Dina TS, Patronas NJ, 
Wiesell SW. Abnormal magnetic resonance scans 
off the lumbar spine in asymptomatic subjects. J 
Bonee Joint Surg [Am] 1990;72:403-8. 

10.. S.C. Humphreys, S.D. Hodges, A. Patwardhan, 
J.C.. Eck, LA. Covington and M. Sartori, The natu-
rall History of the cervical foramen in symptom-
aticc and asymptomatic individuals aged 20-60 
yearss as measured by magnetic resonance imag-
ing,, Spine 23 (1998) (20), pp. 2180-2184. 

11 .. D.G. Borenstein, J.W. O'Mara, 5.D. Boden, W.C. 
Lauerman,, A. Jacobson and C. Platenberg et a/.. 
Thee value of magnetic resonance imaging of the 
Lumbarr Spine to predict low-back pain in asymp-
tomaticc subjects, J Bone Joint Surg 83-A (2001) 
(9),, pp. 1306-1311. 

12.. O. Nygaard, E.A. Jacobsen, T. Solberg, R. Kloster 
andd R. Dullerud, Nerve root signs on postopera-
tivee Lumbar MR imaging. A prospective cohort 
studyy with contrast enhanced MRI in symptom-
aticc and asymptomatic patients one year after 
microdiscectomy,, Acta Neurochir (Wien) 141 
(1999),, pp. 619-623. 

13.. R.J. Herzog, A.J. Ghanayem, R.D. Guyer, A. 
Graham-Smithh and ED. Simmons, Magnetic 
resonancee imaging: use in patients with low 
backk pain or radicular pain, Spine J 3 (2003), pp. 
6-10. . 

14.. P.C. Vroomen, M.C. De Krom, J.T. Wilmink, A.D. 

KesterandJ.AA Knottnerus, Diagnostic value 
off history and physical examination in patients 
suspectedd of lumbosacral nerve root compres-
sion,, JNNP 72 (2002), pp. 630-634, 

15.. R.A. Deyo, J. Rainville and D.L. Kent, What can 
historyy and physical examination tell us about 
loww back pain?, JAMA 268 (1992) (6), pp. 760-
765. . 

16.. Andersson GBJ and R.A. Deyo, History and physi-
call examination in patients with herniated lumbar 
discs,, SPINE 21 (1996) (24s), pp. 10s-18s. 

17.. P. Kortelainen, J. Puranen, E. Koivisto and S. 
Lahde,, Symptoms and signs of sciatica and their 
relationn to the localization of the lumbar disc 
herniation,, Spine 10 (1985) (1), pp. 88-92. 

18.. O.H. Jensen, The level-diagnosis of alower lumbar 
discc herniation: the value of sensibility and motor 
testing,, Clin Rheumatol 6 (1987) (4), pp. 564-
569. . 

19.. O.H. Jensen, The medial hamstring reflex in the 
level-diagnosiss of a lumbar disc herniation, Clin 
RheumatolRheumatol 6 (1987) (4), pp. 570-574. 

20.. P.C.A.J. Vroomen, M.C.T.F.M. De Krom and J.A. 
Knottnerus,, Diagnostic value of history and physi-
call examination in patients suspected of sciatica 
duee to disc herniation: a systematic review, J 
NeurolNeurol 246 (1999), pp. 899-906. 

21 .. J. Stam, Consensus on diagnosis and treatment 
off lumbosacral root entrapment syndromes, Ned 
TijdschrTijdschr Geneeskd 140 (1996), p. 52. 

22.. D.L. Streiner and G.R. Norman, Health measure-
mentt scales (3rd ed.), Oxford University Press 
(2003)) p. 32-4. 



SymptomaticSymptomatic and asymptomatic abnormalities in patients with Lumbosacral Radicular Syndrome 

23.. P.A. Luijsterburg, A.P. Verhagen, S. Braak, CJ. 
Avezaatt and B.W. Koes, Do neurosurgeons 
subscribee to the guideline lumbosacral radicular 
syndrome?,, Clin Neurol Neurosurg 106 (2004), 
pp.. 313-317. 

24.. H.M. Hoogen, B.W. Koes, J.T. van Eijk and L.M. 
Bouter.. On the accuracy of history, physical 
examination,, and erythrocyte sedimentation rate 
inn diagnosing low back pain in general practice. 
AA criteria-based review of the literature, Spine 20 
(1995)) (3), pp. 318-327. 

E E 





CC h a pte r 

Observe rr  variatio n in the evaluatio n of lumba r 
herniate dd disc s and root compression : spira l 

CTT compare d wit h MRI 

Jeroenn C. van Rijn, MD1, Nina Klemetso, MD2, Johannes B. Reitsma, MD, PhD1, 

Patrickk M. Bossuyt, PhD1, Frans J. Hulsmans, MD, PhD2, Wilco C. Peul, MD, PhD4, 

Gerardd J. den Heeten, MD, PhD2, Jan Stam, MD, PhD3, Charles B.L.M. Majoie, MD, PhD2 

departmentt of Clinical Epidemiology & Biostatistics, depar tment of Radiology, 
3Departmentt of Neurology, University of Amsterdam, The Netherlands. 4Department 

off Neurosurgery, Leiden University Medical Center, Leiden, The Netherlands. 

5 5 

Brr J Radiol. 2006 May;79(941):372-7. 



Abstrac t t 

Objective .. Spiral CT is considered the best alternative for MRI in the evaluation 

off herniated discs. The purpose of this study was to compare radiological evalu-

ationn of spiral CT with MRI in patients suspected of herniated discs. 

Methods.. Fifty-seven patients with Lumbosacral Radicular Syndrome under-

wentt spiral CT and 1.5 T MRI. Two neuroradiologists independently evaluated 

1711 intervertebral discs for herniation or 'bulge' and 456 nerve roots for root 

compression,, once after CT and once after MRI. We compared interobserver 

agreementt using the kappa-statistic and we performed a paired comparison 

betweenn CTand MRI. 

Results .. For detection of herniated or bulging discs, we observed no signifi-

cantt difference in interobserver agreement (CT kappa 0.66 versus MRI kappa 

0.71;; p = 0.40). For root compression we observed significantly better interob-

serverr agreement at MRI evaluation (CT kappa 0.59 versus MRI kappa 0.78; p 

== 0.01). In 30 of 171 lumbar discs (18%) and in 54 of 456 nerve roots (12%), 

thee observers disagreed on whether CT results were similar to MRI. In the cases 

withoutt disagreement, CT differed from MRI in 6 discs (3.5%) and in 3 nerve 

rootss (0.7%). 

Conclusion .. For radiological evaluation of lumbar herniated discs, we found no 

evidencee that spiral CT is inferior to MRI. For evaluating lumbar nerve root com-

pression,, spiral CT is less reliable than MRI. 
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ObserverObserver variation in the evaluation of lumbar herniated discs and root compression 

Introductio n n 

Inn a series of comparative radiological studies on 

thee evaluation of lumbar herniated discs, MR I was 

foundd to be 'slightly better' than [1-4] or equal [5-

8]] to CT. We found one study suggesting CT to be 

moree accurate than MRI [9] but overall, MRI is pre-

ferredd and CT seems to have comparable capacity 

too diagnose herniated discs. Therefore, current 

guideliness designate MRI as the first-choice inves-

tigationn and suggest CT as the alternative in the 

evaluationn of the lumbar back if MRI is contraindi-

catedd or unavailable [11-13]. 

Besidess herniated discs, the direct evaluation of 

nervee roots by MRI has been considered an impor-

tantt asset to facilitate decision making in patients 

withh back pain [14-17]. No evidence, however, is 

availablee on the capabilities of spiral CT to evalu-

atee lumbar nerve root compression. 

Thee purpose of our study was to compare spiral 

CTT with MRI in a series of patients suspected of 

lumbarr herniated discs. For each technique we 

assessedd interobserver agreement in detect-

ingg herniated discs, bulging discs and nerve root 

compression.. We also performed a paired, direct 

comparisonn between spiral CT and MRI. 

Method s s 

Thiss study was conducted between June 1999 

andd June 2000, as part of a larger project on the 

diagnosticc process of patients with lumbosacral 

radicularr pain at the University of Amsterdam, 

Thee Netherlands. The Institutional Review Board 

approvedd the study protocol. Patients were recruit-

edd from the neurology outpatient department. 

Eligiblee were patients referred by their general 

practitionerr with Lumbosacral Radicular Syndrome 

(LRS)) with suspected disc herniation at the levels 

L3-L44 through L5-S1 in whom conservative treat-

mentt had been unsuccessful. LRS was defined 

accordingg to the national general practitioners' 

guidelinee and the consensus statement on diag-

nosiss and treatment of LRS defined by the Dutch 

Neurologyy Society [18]. The hallmark of this defi-

nitionn is continuous mono- or multiradicular pain 

beloww the knee with a primary suspicion of disc 

herniation.. Excluded were patients younger than 

188 or older than 70, pregnant women, patients 

withh a previous history of lumbosacral herniation 

orr lumbosacral surgery, as well as patients with 

contraindicationn for MRI. Eligible patients received 

writtenn and oral information about the study. 

Afterr the neurologist had confirmed the diagno-

siss of LRS, consenting patients were subjected 

too spiral CT and MR imaging within one week. No 

specificc treatment was given within this period. 

Imagin gg technique s 

Lumbarr CT examinations were performed on a 2-

slicee CT-Twin scanner (Philips Medical Systems, 

Best,, the Netherlands). Helical CT-scans were 

madee with 120 kV, 265 (effective) mAs, table feed 

off 1.4 mm/sec, 2 x 1 mm collimation (effective 

slicee width, 1.1 mm) and 0.5 mm increment from 

thee level L3 to the bottom of SI . The gantry angle 

wass aligned through the disc space of L4-L5. In 

additionn to the original axial images with the bone 

windoww (level 400 HU/ window 1600 HU) reformat-

tedd 4 mm axial sections of all scanned interspaces 

weree made parallel to the interspaces using the 

softt tissue window (level 50 HU/ window 180 HU). 

Alsoo reformatted '0 mm' (i.e., slice width in the 

orderr of 1 mm) sagittal sections were made using 

thee bone window, and 4 mm sagittal sections using 

thee soft tissue window. 
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Thee quality of the CT-images used in this study, 

obtainedd with a 2-slice CT-scanner, is comparable 

withh the quality of more modern, multi-slice CT-scan-

ners.. The effective slice width in this study was 1.1 

mm,, which is only slightly more than the effective 

slicee width of multi-slice CT-scanners. The effective 

slicee width is usually 25-30 % higher than the col-

limationn width and thus in the order of 0.9-1.0 mm 

for,, e.g., a collimation of 16 x 0.75 mm. [19, 20] 

Lumbarr MR examinations were performed with 

aa 1.5 T Signa LX Scanner (General Electric Medi-

call Systems, Milwaukee, USA) using a dedicated 

lumbarr spine surface coil. The protocol included 

sagittall spin-echo Tl-weighted (TR 500ms, TE 14 

ms)) and proton density / T2-weighted (TR 3500, 

TEE 120-20} fast spin echo images with 4 mm slice 

thickness,, 0.5 mm intersection gap, 200x512 

matrixx and 29 x 29 cm field of view. In addition, axi-

all spin-echo Tl-weighted (TR520 TE 12)- and fast 

spin-echoo T2-weighted (TR 4500, TE 120) images 

weree obtained from the level of L3 to the bottom of 

S II with 4 mm slice thickness, 0.5 mm intersection 

gap,, 200x256 matrix and 15 x 15 cm field of view. 

Axiall images were obtained without angulation. 

Imag ee evaluatio n 

Twoo experienced neuroradiologists (C.B. and FJ.) 

independentlyy evaluated all CT and MR images 

withh knowledge of the side and level of symptoms. 

Perr observer, the images were evaluated in two 

independentt sessions. There was at least six 

weekss between these sessions. The images of 

eitherr CT or MRI were presented per patient. It 

wass randomly allocated whether CT or MRI was 

evaluatedd in the first session. 

Threee lumbar discs were examined per patient at 

levelss L3-L4 through L5-S1. Each disc was scored 

forr the presence of a herniation. No distinction 

betweenn protrusion and extrusion was made; both 

weree considered 'herniated disc'. If no herniation 

wass detected, readers evaluated the presence 

off a bulging disc. The definition of a bulging disc 

wass according to the description by Jensen [21]: 

'circumferentiall symmetric extension of the disc 

beyondd the interspace'. 

Nervee roots L3 through S I were evaluated per 

sidee (eight nerve roots per patient). A five-point 

scalee was used per nerve root, anchored as 

definitelyy no root compression, possibly no root 

compression,, indeterminate, possibly root com-

pression,, and definitely compression. For the 

analyses,, these responses were dichotomized 

ass 'root compression' (possibly or definitely) or 

'noo root compression' (all other categories). MRI 

exampless of the different categories have been 

presentedd in an earlier report on the same series 

off patients [22]. 

Dat aa analysi s 

Perr technique, we calculated interobserver agree-

mentt for the evaluation of herniated discs and 

bulgingg discs by constructing 3x3 tables. Data 

weree matched for lumbar level (L3-L4 through 

L5-S1).. Presence of nerve root compression was 

analyzedd using a 2x2 table. These data were 

matchedd for each side (left and right) and for each 

nervee root (L3 through SI). 

Too acknowledge possible correlation between 

intervertebrall discs and nerve roots within one 

patient,, bootstrap sampling was used to calculate 

thee unweighted interobserver kappa-statistics 

andd standard-errors for each contingency table 

[23].. A two-sided z-test was then used to compare 

thee kappa statistics of CT with MRI. 

Too differentiate between CT versus MRI differ-

encess due to disagreement and 'true' differences 

{noo disagreement amongst observers), we per-

E E 
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formedd a paired comparison of the results of CT 

andd MRI. We limited the analysis to the detection 

off herniated discs. Therefore, the readings for 

eachh technique were recoded to 'herniated disc' 

orr 'no herniated disc'. The latter category com-

prisedd bulging discs and discs reported as having 

noo abnormality. 

Thee results were coded per technique as follows: 

{1)) both observers agreed on the presence of a Her-

niaa Nuclei Pulposi (HNP), (2) observers disagreed 

orr (3) both observers agreed on the absence of 

aa HNP. Subsequently, a 3x3 table including the 

resultss of both observers was constructed to com-

paree both techniques on a per patient basis. The 

McNemarr test for paired data was used to detect 

differencess between modalities. 

Aill calculations were performed with SAS 9.0 and 

spsss 11.0. P-values lower than 0.05 were consid-

eredd to indicate statistically significance. 

Result s s 

Sixty-fourr consecutive eligible patients with 

Lumbosacrall Radicular Syndrome (LRS) were 

identified.. Three patients did not undergo MRI 

becausee of claustrophobia. Four more patients 

hadd incomplete data of spiral CT and MRI, leaving 

577 patients with 171 lumbar discs and 456 lum-

barr roots for analysis. 

Tablee 1 shows the interobserver agreement. There 

wass no significant difference between CT and MR! 

withh respect to interobserver agreement of herni-

atedd disc and buiging disc evaluation, but for root 

compressionn the kappa statistic was significantly 

higherr for MRI. 

Figuree 1A & B show an example of a case in which 

CTT and MRI agree on a HNP (Hernia Nuclei Pulposi) 

withh root compression without any interobserver 

disagreement. . 

Tablee 1 . Interobserver agreement for spiral CTand MRI evaluation of lumbar discs and root compression 

Lumba rr  dis c evaluatio n 

Observerr 1 

HNP P 

Bulge e 

Normal l 

Total l 

Kappa3 3 

Observerr 2 

Spira ll  CT 

HNP P 

49 9 

3 3 

1 1 

53 3 

0.66(0.56-0.75) ) 

Bulge e 

10 0 

24 4 

9 9 

43 3 

Normal l 

6 6 

9 9 

60 0 

75 5 

0.71(0.63-0.80) ) 

Total l 

65 5 

36 6 

70 0 

171 1 

MRI I 

HNP P 

52 2 

7 7 

1 1 

60 0 

Bulge e 

3 3 

20 0 

15 5 

38 8 

Normal l 

1 1 

4 4 

68 8 

73 3 

Total l 

56 6 

31 1 

84 4 

171 1 

p=0.40 0 

Roott  compressio n 

Yes s 

No o 

Total l 

Kappab b 

Yes s 

35 5 

24 4 

59 9 

0.599 (0.47-0.70) 

No o 

16 6 

381 1 

397 7 

Total l 

51 1 

405 5 

456 6 

0.788 (0.69-0.87) 

Yes s 

45 5 

12 2 

57 7 

No o 

10 0 

389 9 

399 9 

Total l 

55 5 

401 1 

456 6 

p=0.01 1 
aa Kappa-statistic with 95% confidence interval. The difference between spiral CTand MRI for agreement on lumbarr disc evalu-
ationn was not significant (Two-sided z-test p=0.40), b Kappa-statistic with 95% confidence interval. The difference between 
spirall CT and MRI for agreement on the evaluation of root compression was significant (Two-sided z-test p=0.01) 



Figuree 1 . -22-year-old male with left-sided LRS of L5 and paresis of the anterior tibial muscle and with hypaesthesia of L5 
andd S I . Images show a left-sided herniated disc at level L4-L5 with root compression of L5 reported at CT as well as at MRI 
byy both observers (Arrowheads). 

B.. Axial T2 MRI L4-L5 

Tablee 2. Paired comparison of spiral CT with MRI stratified by interobserver agreement 

Lumbarr disc evaluation 

Spirall CT 

Agreee HNP 

Disagree e 

Agreee Normal 

Total l 

Agree e 

HNP P 

43 3 

6 6 

3 3 

52 2 

Disagree e 

4 4 

2 2 

6 6 
12a a 

Agree e 

Normal l 

3 3 

12 2 

92 2 
107 7 

Total l 
50 0 
20a a 
101 1 
171 1 

Roott compression 

Agreee Yes 

Disagree e 

Agreee No 

Total l 

Yes s 

32 2 

12 2 

: : 
45 5 

:. . sagree e 

1 1 

8 8 

13 3 

221» » 

Agree e 

No o 

2 2 

20 0 
367 7 
389 9 

Total l 

35 5 

40b b 

381 1 

456 6 
aa Proportion of disagreement on presence of HNP at spiral CT (20/171=12%) did not significantly differ from the proportion 
att MRI (12/171=7%): McNemar p=0.22. b Proportion of disagreement on root compression at spiral CT (40/456=8.8%) is 
significantlyy larger than at MRI (22/456=4.8%): McNemar p=0.03. 

Tablee 2 s h o w s the resu l ts of the pai red compari-

sonn of CT ve rsus MRI in de tec t ing hern ia ted discs 

andd root c o m p r e s s i o n . Of 1 7 1 d iscs, observers 

d i sag reedd on hern ia t ion at CT eva luat ion in 20 

d i scss (12%) compared with 1 2 d iscs (7%) a t MRI. 

Thee d i f f e rence was no t s ign i f icant (McNemar , p = 

0 .22) .. In 1 4 1 (83%) cases there was no disagree-

mentt on HNP detec t ion at CT evaluat ion as well 

ass no d isagreement a t MRI eva lua t ion . In th ree of 

thesee cases both readers repor ted a HNP at CT 

butt not a t MRI eva luat ion, and th ree t imes both 

readerss repor ted a HNP at MRI but not at CT evalu-

• • 



ObserverObserver variation in the 

Figuree 2. -43-year-old male with left-sided LRS of S I . 

A.. Axial CT L4-L5 
Observerss disagreed on whether root L5 on the right was com-
pressedd (contralateral to the side of signs and symptoms). 

Figuree 3. -58-year-old male with left-sided LRS of L3. 

A.. Axial CT L3-L4 
Bothh observers reported 'definitely no root compression' of 
L33 on the left 

evaluationevaluation of lumbar herniated discs and root compression 

B.. Axial T2 MR I L4-L5 
Observerss agreed on compression of L5 on the right (con-
tralaterall to the side of signs and symptoms) 

B.. Axial T2 MRI L3-L4 
Bothh observers reported 'definitely root compression' of L3 
onn the left 

• • 



ation.. Observers disagreed on the presence of 

roott compression when evaluating CT in 40 of 456 

nervee roots (8.8%) compared with 22 roots (4.8%) 

whenn evaluating MRI. The difference was signifi-

cantt (McNemar p = 0.03). 

Ann example of a case in which observers dis-

agreedd on root compression at CT but not on MRI 

iss presented in Figure 2A & B. 

Inn 402 roots (88%) there was no disagreement at 

CTT evaluation as well as no disagreement at MRI 

evaluation.. Of these cases, 2 times both readers 

reportedd root compression at CT but not at MRI 

evaluation.. In one root, both readers reported root 

compressionn at MRI but not at CT evaluation. This 

casee is presented in Figure 3A & B. 

Discussion n 

Inn this study we found no evidence that spiral CT is 

inferiorr to MRI in the evaluation of herniated lum-

barr discs and bulging discs, but we observed better 

interobserverr agreement at MRI with respect to the 

evaluationn of nerve root compression. 

Thee paired comparison revealed that in the vast 

majorityy of the observed differences between 

spirall CT and MRI there was interobserver dis-

agreementt involved (either at CT or at MRI or at 

bothh evaluations). In these cases, we cannot 

discriminatee between differences due to reader 

variabilityy or due to 'real' difference between 

modalities. . 

Thee observed differences between CT and MRI 

withoutt any disagreement indicate possible 'real' 

differences.. However, after re-evaluation of these 

casess we can conclude that all HNP's and all cas-

ess of root compression were detectable on the CT 

imagess as well as on the MR images. 

Itt remains impossible to determine which one 

off these imaging techniques corresponded best 

withh 'the truth' because there is no proper refer-

encee standard available. However, we observed no 

particularr pattern in the distribution of discordant 

readings:: the differences between spiral CT and 

MRII were divided equally amongst both techniques. 

Thiss supports the assumption that spiral CT and 

MRII are comparable in herniated disc evaluation. 

Observerr disagreement is a general obstacle in 

thee radiological evaluation of lumbar interverte-

brall discs both for spiral CT as well as for MRI. 

Inn an earlier published study, in the same series 

off patients, we investigated the possible causes 

off interobserver disagreement in MRI evalua-

tion.. [22] We identified a lack of consensus on 

nomenclaturee of bulging discs as the main cause 

off disagreement. Other causes were additional 

pathologyy (e.g. spondylolisthesis or collapsed ver-

tebrall bodies) and small sized lesions, which were 

believedd to be missed more easily. 

Futuree studies should focus on reducing observer 

disagreementt through the development of stan-

dardizedd radiological nomenclature for lumbar 

backk abnormalities. Development of universal 

selectionn criteria to identify specific target groups 

off patients with back pain and more specific imag-

ingg strategies are needed to improve efficiency in 

decisionn making. 

Inn our study, the observers were not blinded for 

sidee and level of symptoms. This was done to 

mimicc practice. As part of a larger project, we also 

obtainedd blinded evaluations of the same images. 

EQ Q 



ObserverObserver variation in the evaluation of lumbar herniated discs and root compression 

Wee observed no significant differences between 

blindedd and not blinded evaluations [22]. 

Ourr study was limited to the evaluation of herniat

edd discs, bulging discs and root compression. MRI 

hass better qualities to depict all surrounding soft 

tissuee in the lumbar area. This property of MRI is 

onee of the major reasons for neurosurgeons to use 

MRII to determine whether a patient is a candidate 

forr surgical intervention. We did not investigate to 

whatt extent spiral CT might be useful within surgi

call triage. 

Summarizing,, we recommend MRI as the inves

tigationn of choice in patients suspected of 

herniatedd discs. Nevertheless, a significant num

berr of patients are not able to undergo MRI due to 

claustrophobiaa or other contraindications [24-25]. 

Inn these patients, spiral CT seems to be an excel

lentt alternative. However, for the evaluation of root 

compression,, spiral CT appears to be not as reli

ablee as MRI. 
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Abstract t 

Purpose.. To assess whether clinicians attach equal diagnostic gain to spiral CT 

andd MRI in patients suspected of lumbar herniated discs. 

Methods.. A neurologist and a neurosurgeon independently evaluated 183 

lumbarr discs. We used a 10-point Visual Analogue Scale (VAS) to estimate the 

differencee between the pre- and post test likelihood after disclosure of radio-

logicall images. Positive diagnostic gain was defined as an increased VAS-score 

afterr disclosure of the imaging results compared with evaluation after clinical 

examinationn (negative gain vice versa). We also assessed the inter observer 

agreementt on the direction of diagnostic gain. 

Results.. If both observers agreed on positive gain at both techniques, MRI 

yieldedd more gain than CT (0.36 on the VAS), although not significant. If both 

observerss agreed on negative gain, MRI also yielded more diagnostic gain than 

CTT (0.63 on the VAS) with a significant difference for observed (p=0.002). The 

proportionn of disagreement on the direction of gain was 76/183 (42%) for CT 

andd 59/183 (32%) for MRI; the difference (10%) was significant {McNemar 

p=0.006). . 

Conclusion.. Compared with MRI, clinicians attach less value to spiral CT in the 

evaluationn of lumbar herniated discs. Spiral CT yielded more interobserver dis-

agreementt on the direction of diagnostic gain than MRI. 
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Introduction n 

Imagingg plays a key role in the diagnostic work-

upp of patients suspected of herniated discs. MRI 

iss considered the investigation of choice with CT 

ass the best alternative if MRI is contraindicated 

orr unavailable [1-8]. Four to 10% of the patients 

subjectedd to MRI experience anxiety to the point 

thatt the procedure has to be modified, postponed 

orr canceled [9,10]. In many practices, the limited 

availabilityy of 

MRII is another reason for patients with suspected 

off herniated discs to undergo CT as the first or 

solee investigation [11-13]. 

InIn an earlier study, we demonstrated that spiral CT 

andd MRI had comparable abilities to detect lum-

barr herniated discs [14], However, our study was 

limitedd to the radiological evaluation. In practice, 

neurologistss and neurosurgeons usually combine 

thee imaging results with the information from 

historyy and physical examination. In our current 

study,, we aimed to investigate the diagnostic gain 

off adding radiological imaging results to pre-test 

clinicall information based on history and physical 

examination.. The diagnostic gain of an imaging 

testt can be expressed as the amount of change 

inn likelihood of a suspected abnormality. After dis-

closuree of the imaging results, the likelihood of the 

suspectedd abnormality increases or decreases, 

leadingg to less uncertainty about the diagnosis. 

Consideringg comparable radiological capabilities 

too evaluate lumbar herniated discs, we hypoth-

esizedd that the physicians in our study would 

expresss similar diagnostic gain after evaluating 

spirall CT and MRI images. 

Wee performed a prospective study to evaluate the 

diagnosticc gain of spiral CT and MRI by measuring 

thee change in estimated likelihood of a herniated 

discc after disclosure of the imaging results. We 

alsoo investigated the interobserver agreement on 

diagnosticc gain between a neurologist and a neu-

rosurgeon. . 

Methods s 

Wee performed a prospective study between June 

19999 and June 2000 as part of a larger project on 

thee diagnostic process of patients with lumbosa-

crall radicular pain at the University of Amsterdam, 

Thee Netherlands. Patients were recruited from the 

neurologyy outpatient department. Eligible were 

patientss referred by their general practitioner with 

Lumbosacrall Radicular Syndrome (LRS) with sus-

pectedd disc herniation at the levels L3-L4, L4-L5 or 

L5-S11 in whom conservative treatment was unsuc-

cessful.. LRS was defined according to the national 

generall practitioner's guideline and the consen-

suss statement on diagnostics and treatment of 

LRSS defined by the Dutch Neurology Society [15]. 

Thee hallmark of this definition is continuous 

mono-- or multiradicular pain below the knee with 

aa primary suspicion of disc herniation with conser-

vativee treatment being unsuccessful for at least 

fourr weeks. Excluded were patients younger than 

188 or older than 70, pregnant women, patients 

withh a previous history of lumbosacral herniation 

orr lumbosacral surgery, as well as patients with 

contraindicationn for MRI. After the attending physi-

ciann had confirmed the diagnosis of LRS, patients 

weree subjected to spiral CT and MR imaging within 

onee week and no specific treatment was given 

withinn this period. The Institutional Review Board 

approvedd the study protocol and written informed 

consentt was obtained from all patients. 
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Imagingg techniques 

Lumbarr CT examinations were performed on a 

Philipss Elscint TWIN CT scanner. Helical CT was 

madee with 1.1 mm collimation and 0,5 mm incre-

mentss from the level L3 to the bottom of Sl.The 

gantryy angle was aligned through the disc space 

off L4-L5. Reformatted 4 mm axiai sections of all 

scannedd interspaces were made parallel to the 

interspacess using both the soft tissue and the 

bonee window. In addition reformatted 4 mm sagit-

tall sections were made using both the soft tissue 

andd the bone window. 

Lumbarr MR examinations were performed with 

aa 1.5 T Signa LX Scanner (General Electric Medi-

call Systems, Milwaukee, USA) using a dedicated 

lumbarr spine surface coil. The protocol included 

sagittall spin-echo Tl-weighted (TR 500ms, TE 14 

ms)) and proton density / T2-weighted (TR 3500, 

TEE 120-20) fast spin echo images with 4 mm slice 

thickness,, 0.5 mm intersection gap, 200x512 

matrixx and 29 x 29 cm field of view. In addition, 

axiall spin-echo Tl-weighted (TR520 TE 12)- and 

fastt spin-echo T2-weighted (TR 4500, TE 120) 

imagess were obtained from the level of L3 to the 

bottomm of S I with 4 mm slice thickness, 0.5 mm 

intersectionn gap, 200x256 matrix and 15 x 15 cm 

fieldd of view. 

Dataa collection 

Attendingg physicians at the neurology depart-

mentt prospectively collected clinical data from 

historyy and physical examination in a standard-

izedd fashion. From these data, a case report was 

extractedd for each patient by one of the authors 

(N.K.).. Using these case reports, two experienced 

physicianss (W.P. and J.S.) estimated the likeli-

hoodd of a herniated disc on a Visual Analogue 

Scalee (VAS). The VAS consisted of a 10cm dotted 

linee with "No HNP" on the left-end and "HNP" on 

thee right-end (HNP = Hernia Nuclei Pulposi). The 

physicianss were instructed to draw a cross at 

thee estimated likelihood. The corresponding VAS 

scoree was measured in centimeters. In a second 

session,, the observers were asked to fill out the 

VASS after disclosure of the spiral CT images. The 

followingg information was available when the phy-

sicianss estimated the likelihood of herniation: the 

clinicall case report, the radiological report and the 

images.. The physicians were blinded for their VAS 

scoree at the previous evaluation based on clinical 

examinationn alone. They were also blinded for the 

MRII results. After a washout-period of at least six 

weeks,, the procedure was repeated once more 

afterr disclosure of the MR images. The physicians 

weree blinded for their initial VAS-score after clinical 

examinationn and their VAS-score after CT evalu-

ation.. The radiologists had evaluated all images 

blindedd for clinical information except for the side 

andd level of the suspected herniated disc (LRS). 

Usingg this study design, we were able to present 

thee exact same clinical information to the observ-

erss at both imaging evaluation points. Per patient, 

lumbarr levels L3-L4, L4-L5, and L5-S1 were evalu-

ated,, resulting in three VAS-scores per patient. 

Twoo patients had symptoms of bilateral LRS. 

Thesee patients were evaluated twice (once on the 

rightt side and once on the left side), resulting in six 

VAS-scoress in each of these patients. 

Statisticall Analysis 
Diagnosticc gain was defined as the absolute dif-

ferencee between the VAS-score after clinical 

examinationn (pre-test likelihood) and the VAS-score 

afterr imaging (post-test likelihood). We considered 

threee types of test results: a positive test result 

wheree the likelihood of a HNP was increased after 

disclosuree of the imaging results, a negative test 

resultt where the likelihood of a HNP was downgrad-

edd after imaging and a non-informative result where 

thee likelihood remained unchanged after imaging. 
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Statisticall testing whether the magnitude of diag-

nosticc gain was different after spiral CT compared to 

MRII was only performed in those cases in which the 

test-resultss of MRI and CT were in the same direc-

tionn (either positive or negative). Cases in which the 

changee in likelihood was in opposite directions (e.g. 

gainn after MRI and decrease after CT or vice 

versa)) were analyzed separately because the 

absencee of a gold standard precluded firm conclu-

sionss in case of opposing imaging results. Using 

thiss approach, each disc evaluation result could be 

categorizedd in one of the following groups: 1. Likeli-

hoodd of herniation was increased after CT and MRI 

(bothh tests positive) 2. Likelihood of herniation was 

decreasedd after CT and MRI (both tests negative) 

3.. Likelihood of herniation was unchanged after 

CTT and MRI {both tests non-informative) 4. CT dis-

agreedd with MRI. 

Inn the first two groups we used a paired sample t-

testt to test whether the amount of diagnostic gain 

wass greater after MRI than after CT. Using the same 

fourr categories of possible test outcomes, we inves-

tigatedd interobserver agreement in both modalities. 

Thee number of discordant results between observ-

erss after CT was compared with the number of 

discordantt results between observers after MRI 

usingg the McNemar test for paired proportions. 

Alll calculations were performed using SPSS 

versionn 11.0. Two-sided p-values <0.05 were con-

sideredd statistically significant. 

Results s 

Sixty-fourr consecutive eligible patients with Lum-

bosacrall Radicular Syndrome (LRS) were identified 

withinn the study period. Three patients could not 

undergoo MRI because of claustrophobia. Two more 

patientss were excluded because their data were 

incomplete,, therefore the number of patients in 

ourr analysis was 59. In 57 patients with unilateral 

LRS,, a total of 171 discs were evaluated produc-

ingg 171 VAS-scores. In two additional patients with 

bilaterall LRS, each of the three lumbar discs were 

evaluatedd twice (once left and once right), leading 

too 6 VAS-scores per patients. The total number of 

VAS-scoress in the analysis was therefore 183. 

Tablee 1 shows the mean diagnostic gain of CTand 

MRII for each observer. If CT and MRI results were 

bothh positive (increased likelihood after CT as well 

ass after MRI), a mean increase in the likelihood of 

herniationn of more than 2 points on the 10-point 

Visuall Analogue Scale (VAS) was observed for 

bothh techniques. Both observers recorded more 

diagnosticc gain after MRI compared with spiral CT, 

butt differences were small and did not reach sta-

tisticall significance. 

Iff CT and MRI results were both negative {decrea-

sedd likelihood after CT as well as after MRI), both 

observerss lowered their likelihood of herniation 

withh more than 4 points on the 10-point VAS for 

bothh imaging techniques. The mean decrease 

wass larger for MRI than for CT, reaching statisti-

call significance in observer 2 (p=0.002) but not in 

observerr l {p=0.068) . 

Thee clinicians reported no diagnostic gain after 

spirall CT as well as after MRI in a considerable 

numberr of discs [observerl: 44 (24%) and observ-

e d :: 52 (28%)]. In all of these cases but one, the 

firstt VAS-score after clinical examination was zero, 

indicatingg no signs and symptoms of a herniated 

disc.. In that one case, observer 2 scored 10 on the 

VASS based on clinical information only. After dis-

closuree of the imaging results, the score remained 

100 after CT as well as after MRI, indicating zero 

diagnosticc gain. Because of this particular case, 

thee mean VAS was 0.19 for observer 2 (Table 1). 
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Tablee 1 . Mean VAS-scores and mean diagnostic gain for likelihood of a herniated lumbar disc after CTand MR 

Testt result (n) 

Observerr 1 

CT++ MR+ ,22) 

CT-MR- ( 1 0 0 ) ) 

CT00 MR0 |44j 

CT** MR ( 17 ) 

Observerr 2 

CT++ MR+ j 3 5 j 

CT-- MR-171) 

CT 0 MR 0 ( 5 2 ) ) 

C T * M R ( 2 5 ) ) 

Clin. . 

7.08 8 

6.08 8 

0 0 

5.71 1 

6.21 1 

5.17 7 

0.19 9 

4.76 6 

Meann VAS 

CT T 

9.18 8 

0.68 8 

0 0 

n/a a 

9.02 2 

1.23 3 

0.19 9 

n/a a 

MR R 

9.45 5 

0.35 5 

0 0 

n/a a 

9.46 6 

0.30 0 

0.19 9 

n/a a 

Mean n 

CT T 

+2.10 0 

-5.40 0 

0 0 

n/a a 

+2.81 1 

-3.94 4 

0 0 

n/a a 

gain n 

MR R 

+2.37 7 

-5.73 3 

0 0 

H// 3 

+3.25 5 

-4.87 7 

0 0 

n/a a 

CT T 

Diff. . 

0.27 7 

0.33 3 

0 0 

n/a a 

0.44 4 

0.93 3 

0 0 

n/a a 

comparedd with MR 

SE E 

0.14 4 

0.17 7 

n/a a 

n/a a 

0.27 7 

0.28 8 

n/a a 

n/a a 

P-value e 

0.064 4 

0.068 8 

n/a a 

n/a a 

0.115 5 

0.002 2 

n/a a 

n/a a 

Note.:: VAS = Visual Analogue Scale, Clin. = clinical examination, n/a = not applicable. CT+ MI+ = Positive test result for both 
techniques,, CT- MR- = Negative test result for both techniques, CT0 MR0 = No diagnostic gain for both techniques, CT * MR! 
== Disagreement 

Tablee 2. Paired comparison of spiral CT versus MR stratified by inter observer agreement on the direction of diagnostic gain 

CT++ + 

CT---
C T 0 0 0 
CTT disagree 

Total l 

MR++ + 

18 8 

0 0 

0 0 

13 3 

31 1 

MR---

0 0 

54 4 

0 0 

12 2 

66 6 

M R 0 0 0 

0 0 

0 0 

26 6 

1 1 

27 7 

MRR disagree 

3 3 

5 5 

1 1 

50 0 

59* * 

Total l 

21 1 

59 9 

27 7 

76* * 

183 3 

Note:: + + = Both observers agree on positive diagnostic gain, - - = Both observers agree on negative diagnostic gain. 00 = 
Bothh observers agree on no diagnostic gain, * Proportion of disagreeing results at CT {76/183 = 42%) was significantly higher 
ass compared to MR (59/183 = 32%); McNemar p-value = 0.006. 

Tablee 2 shows the cross-classification of the num-

berr of discs in which the two observers agreed on 

thee direction of gain (both positive, both negative, 

bothh no gain) or disagreed. In 98 of 183 cases 

(54%),, both observers agreed that the diagnostic 

gainn for CT and MRI was in the same direction. In 

thee remaining 85 cases (46%), observers either 

disagreedd with each other on the direction of gain 

att CT (n=26 discs) or at MRI (n=9 discs) or at both 

examinations(n=500 discs). CT evaluation yielded 

significantlyy more disagreement as compared with 

MRII [CT: 76 (42%) disagreeing results and MRI: 59 

(32%)].. This 10% difference was significant with a 

p-valuee of 0.006 (McNemar test). 

Discussion n 

Inn our study we assessed the diagnostic gain 

expressedd by two clinicians after evaluating spiral 

CTT and MR images in patients suspectedd of lumbar 

herniatedd discs. We hypothesized that the diag-

nosticc gain would be comparable because there is 

noo radiological evidence available indicating that 

spirall CT is inferior to MRI in the detection and 

evaluationn of herniated discs. However, our clini-

cianss were more confident after MRI than after CT 

ass indicated by the higher diagnostic gain and by 

thee fewer disagreements among the two observ-

erss at MRI evaluation. The differences between 
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spirall CT and MRI, however, were small in relation 

too the overall increase between pretest and post-

testt probabilities. Therefore, in our opinion spiral 

CTT can serve as a worthy alternative for MRI in 

patientss suspected of herniated discs. 

Too our knowledge, this is the first study to evaluate 

thee clinical value of spiral CT and MRI in patients 

suspectedd of herniated discs by directly estimating 

andd comparing pre-and post-test probabilities of a 

herniatedd disc. Our study suggests that clinicians 

preferr the MRI results. A logical explanation might 

bee that MRI produces images with higher contrast 

resolutionn with respect to soft tissue. In general, 

thee more clear-cut MR images led towards more 

certainty,, and thus more extreme estimates of 

thee probability that a herniated disc is present or 

absent. . 

Forr spiral CT and MRI, the magnitude of diagnos-

ticc gain depended on whether the imaging result 

wass considered positive (increased post-test 

likelihood)) or negative (decreased post-test likeli-

hood).. The diagnostic gain of negative test results 

wass much higher as compared with positive test 

results.. This was mainly caused by the high pre-

testt probability of herniated discs. In other words, 

thee higher the pre-test suspicion of an abnormal-

ity,, the higher the potential decrease in likelihood 

{diagnosticc gain) if imaging unexpectedly showed 

noo abnormality. In our study, most patients pre-

sentedd with signs and symptoms attributable to 

twoo or three lumbar nerve 

roots.. Subsequently, the observers recorded a 

highh pre-test probability of a herniated disc at more 

thann one lumbar level. In most patients, however, 

imagingg confirmed only one herniated disc. In the 

remainingg discs with high pre-test probability, the 

likelihoodd decreased to zero or near zero. 

Wee also observed that clinicians had fewer dis-

agreementss with respect to the direction of 

diagnosticc gain during MRI evaluation than CT. 

Thiss suggests that, from a clinician's point of view, 

MRII produced images that were more straightfor-

wardd to interpret than CT images. An alternative 

explanationn might be that the readers were more 

experiencedd in reading MRI images than CT, 

althoughh both observers had substantial experi-

encee using spiral CT inn these patients. In an earlier 

study,, we demonstrated that the inter-radiologist 

agreementt for the evaluation of herniated discs 

wass not significantly different between both tech-

niquess [14]. The difference between clinicians 

andd radiologists might be explained by the addi-

tionall items of history and physical examination 

thatt were available to the clinicians. In our study, 

thee clinicians were allowed to use the information 

off the radiological report along with the clinical 

informationn based on full history and physical 

examination.. To simulate clinical practice, the 

radiologicall report was based on image evalua-

tionn with knowledge of side and level of LRS only. 

Noo other information on severity of pain, paresis, 

reflexess or any other item of history or physical 

examinationn was available to the radiologists. 

Summarizing,, although there is no evidence to 

supportt that spiral CT is inferior to MRI in the 

radiologicall evaluation of lumbar herniated discs, 

clinicianss attach more value to MRI. These differ-

encess in diagnostic gain, however, were relatively 

smalll compared to the overall change in post-test 

probability,, so we conclude that spiral CT can still 

servee as a reliable alternative if MRI is contraindi-

catedd or unavailable. 
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Abstract t 

Backgroundd & aims. Colonoscopy is the best available method to detect and 

removee colonic polyps and therefore serves as the gold standard for less inva-

sivee tests such as virtual colonoscopy. Although gastroenterologists agree that 

colonoscopyy is not infallible, there is no clarity on the numbers and rates of 

missedd polyps. The purpose of this systematic review was to obtain summary 

estimatess of the polyp miss rate as determined by tandem colonoscopy. 

Methods.. An extensive search was performed within PUBMED, EMBASE and the 

Cochranee Library databases to identify studies in which patients had undergone 

twoo same-day colonoscopies with polypectomy. Random effects models based 

onn the binomial distribution were used to calculate pooled estimates of miss 

rates. . 

Results.. Six studies with a total of 465 patients could be included. The pooled 

misss rate for polyps of any size was 22% (95% CI: 19-26%; 370 /1650 polyps). 

Adenomaa miss rate by size was respectively: 2 .1% (95% CI: 0.3-7.3%; 2 / 9 6 

adenomass >10mm), 13%(95% CI: 8.0-18%; 16 / 124 adenomas 5-10mm) and 

26%% (95% CI: 27%-35%; 1 5 1 / 587 adenomas 1-5mm). Three studies report-

edd data on nonadenomatous polyps: zero of eight nonadenomatous polyps > 

10mmm were missed (0%; 95% CI: 0-36.9%) and 83 of 384 nonadenomatous 

polypss < 10mm were missed (22%; 95% CI: 18-26%). 

Conclusions.. Colonoscopy rarely misses polyps > 10mm, but the miss rate 

increasess significantly in smaller sized polyps. The available evidence is based 

onn a small number of studies with heterogeneous study designs and inclusion 

criteria. . 
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Introduction n 

Colorectall cancer is the second leading cause of 

cancerr death in the United States [1]. It has been 

shownn that a significant reduction of the incidence 

off colorectal cancer can be achieved by remov-

ingg adenomatous polyps before their potential 

progresss to adenocarcinomas [2], Currently, colo-

noscopyy is the best available method to detect 

andd remove colonic polyps and can therefore be 

consideredd as the gold standard for this purpose 

[3-4].. However, colonoscopy is not infallible and 

althoughh most gastroenterologists are aware that 

polypss can be missed during colonoscopy, num-

berss and rates remain uncertain. 

Furthermore,, as population-based studies on 

colorectall cancer screening are progressing, it is 

conceivablee that in the near future many western 

countriess adopt colorectal cancer screening of 

alll individuals aged 50 or over, leading to a vast 

increasee in the number of colonoscopic examina-

tionss will be the result. Within the debate on mass 

screeningg for colorectal cancer, a quantification of 

polypp miss rate is essential for future cost-benefit 

analyses. . 

Besidess its use in clinical practice or screening, 

colonoscopyy also serves as the reference stan-

dardd in many studies on the evaluation of less 

invasivee tests such as virtual colonoscopy or fecal 

tests.. Misclassification of the reference standard, 

however,, can influence the perceived accuracy of 

thee test under evaluation [5]. Without accurate 

estimatess of colonoscopic miss rates, the impact 

onn the test accuracy cannot be deduced. 

Thee most reliable method to investigate polyp miss 

ratee is by 'tandem' or 'back-to-back' colonoscopy, 

aa method in which two same-day colonoscopies, 

bothh with polypectomy, are performed within each 

patient.. In such studies, the miss rate is usually 

expressedd as the number of polyps detected only 

duringg the second colonoscopy relative to the num-

berr of polyps found during both examinations. 

Thee purpose of this systematic review was to 

appraisee the evidence from all available studies 

onn tandem colonoscopy and to obtain summary 

estimatess of the colonoscopic polyp miss rate. We 

alsoo investigated possible sources of heterogene-

ityy in miss rate within and between studies. 

Methods s 

Ourr aim was to identify studies in which patients 

hadd undergone two same-day colonoscopies with 

polypectomy.. We also aimed to determine the 

misss rate of optical colonoscopy independent of 

otherr diagnostic tests. This was done because in 

thee optimal study design in diagnostic test evalu-

ationn studies, readers of the reference standard 

shouldd be blinded for the results of the test under 

evaluationn [6], In most studies on the evaluation 

off less invasive tests to detect polyps or cancer, 

colonoscopyy is used as the reference standard. 

Therefore,, studies in which virtual colonoscopy or 

otherr tests were used to improve the colonoscopic 

detectionn of polyps were excluded. 

Searchh strategy 

Ann electronic search of PUBMED, EMBASE and 

Thee Cochrane Library (January 1984 through June 

2005)) was performed. The following keywords 

andd medical subject heading (MeSH) terms were 

combined:: 'polyp', 'large intestine tumor', 'colonic 

neoplasms',, 'colonic polyps' and 'colonoscopy'. We 

usedd no language restrictions. One reviewer (J.C.vR.) 

screenedd all abstracts of the initial search whether 

tandemm colonoscopy could have been performed. 

Case-reports,, letters, abstracts only, reviews and 

non-humann studies were excluded at this stage. 

Q Q 



Inclusionn criteria 

Wee retrieved the full text from potentially relevant 

abstractss and two reviewers (J.C.vR, reviewer 1 

andd E.D., reviewer 2) independently assessed the 

fulll paper for inclusion. Studies were included in 

thee meta-analysis if the study performed a same-

dayy tandem colonoscopy and reported on the raw 

dataa of the polyp miss rate. 

AA manual cross-reference search of eligible 

paperss was performed to identify additional rel-

evantt articles. No attempts were made to identify 

unpublishedd data. 

Dataa collection 

Thee two reviewers independently evaluated the 

selectedd full papers and extracted data on design, 

studyy population, endoscopists and polyp miss 

rates,, if possible by type and size. We also evaluated 

thee number of patients with a complete examina-

tionn in each study (coecum reach), as well as the 

patient-basedd negative predictive value defined as 

thee proportion of patients without polyps at both 

colonoscopicc examinations. Disagreements about 

thee inclusion of studies and data extraction were 

resolvedd in a consensus discussion. 

Statisticall analysis 

Ourr primary outcome was the polyp miss rate, 

definedd as the proportion of polyps detected only 

duringg the second colonoscopy relative to the total 

numberr of polyps found during the first and second 

examination.. The 95% confidence interval around 

thee miss rate for individual studies was calculated 

usingg the Wilson method for binomial proportions 

[7],, To test for heterogeneity in miss rates, the 

Q-testt was used. P-values lower than 0.05 were 

consideredd statistically significant. 

Wee used a random effects approach for the 

poolingg of miss rates across studies. Our basic 

modell assumes that the true miss rates (logit 

transformed)) vary from one study to another. 

Thesee deviations from the overall mean value are 

assumedd to have an approximately normally distri-

butionn with an unknown amount of between-study 

variability.. Our model also takes into account that 

thee miss rate observed in each study has been 

measuredd with imprecision due to sampling error. 

Thiss imprecision depends largely on the size of the 

study,, or more precisely on the total number of pol-

ypss in that study. This imprecision is used to weigh 

thee results when calculating a pooled estimate 

(inversee variance method). The NLM1XED proce-

duree of SAS (version 9.1) was used to estimate the 

parameterss of this non-linear mixed model. 

Covariatess can be added to the model to esti-

matee and test whether the pooled miss rate 

differss between studies or between subgroups of 

patients.. Two subgroup analyses were carried out: 

byy type (adenomatous or nonadenomatous) and 

byy polyp size (three categories: l-5mm, 5-9mm, 

10mmm or more). 

Coecumm reach was defined as the proportion of 

patientss with a colonoscopic examination com-

pletedd to the coecum. A pooled estimate was 

calculatedd using the same model that was used 

forr the miss rate. 

Results s 

Thee initial search yielded 6,439 hits. Figure 1 

showss the flow chart of the selection procedure 

off the papers. There was a high level of agree-

mentt between the independent reviewers. All 33 

abstractss selected for detailed evaluation were 

independentlyy selected by both reviewers. No 

paperss were added to the search based on cross-

checkingg references of the included studies. After 

thee second consensus meeting, a total of 6 papers 

E E 
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Figuree 1. Flow chart of papers included in the review 

Hitss after initial search 
inn PUBMED, MBASE 
andd The Cochrane 
Libraryy (n=6.439) 

Potentiallyy relevant 
abstractss (n=430) 

Fulll papers retrieved 
forr detailed evaluation 

(n=33) ) 

Exclusionn of case reports, no abstract, 
non-humann studies, letters and reviews 

(n=6.409),, performed by reviewer 1 

Selectedd by 
reviewerr 1 

(n=38/430) ) 

/ / 

Paperss included in 
meta-analysiss (n=6| 

' ' 

Excludedd after first consensus meeting 
(n=397)becausee no tandem 

colonoscopyy was performed or colonic 
polypss were not an objective 

Excludedd after second c onsensus 
meetingg (n=27) because no same-day 
tandemm colonoscopy was performed or 

noo data on miss rate were available 

Selected d 
byy reviewer 2 
(n=43/430) ) 

usingg same-day tandem colonoscopy met our 

inclusionn criteria. One paper reported data on two 

differentt cohorts [11]; we analyzed these cohorts 

ass separate studies. Hixson et al. published data 

onn the same cohort of patients in two journals 

[8];; we combined the data from these papers to 

obtainn the maximal amount of information on this 

cohort.. In total, 6 cohorts involving 465 patients 

weree included in our review. 

Generall and clinical characteristics 

Generall and clinical characteristics of the included 

studiess are presented in Table 1. The age distribu-

tionn in the different studies was comparable, but 

theree was considerable variation in the male / 

femalee ratio (Table 1.). The study by Hixson8 et al. 

includedd only one woman because patients were 

recruitedd at the Tucson Veterans Affairs Medical 

Center.. An explanation for the high percentage 

off men (76%) in the study by Rex11 et al. was not 

reported. . 

Alll studies applied the following exclusion criteria: 

historyy of surgical resection, anti-coagulant use, 

noo informed consent, and poor medical condi-

tionn not allowing two colonoscopies. There were 

twoo studies [11,12] in which patients with Inflam-

matoryy Bowel Disease (IBD) were excluded. Only 

onee study [8] explicitly reported inadequate bowel 

preparationn (>5% of mucosal area obscured) as an 

exclusionn criterion. 

Thee distribution of indications for colonoscopy 

iss given in Table 1. The proportion of screenees 

amongg the different studies varied from 0% in the 

studyy of Rex et al. and Matsushita et al. to 41% in 

thee study by Harrison et al; it was not reported in 

22 studies. The study of Matsushita et al. included 

onlyy patients in whom polyps were detected by 

previouss examinations. Based on the indications 

forr colonoscopy, we judged the population as high 



Tablee 1 . General characteristics and clinical features of the 6 included studies involving 465 patients 

Study y 

Year r 

Centre e 

Setting g 

Studyy design 

No.. patients 

Meann age (range) 

Male e 

No.. endoscopists 

Anatomicall region 

Mo.. incomplete exams 

Coecumm reach 

Indicationss for colonoscopy 

Screening g 

Familyy history of coloncarc. 

Follow-upp of polyps 

Follow-upp of coloncarc. 

Hematochezia a 

Changee of bowel habits 

Rectall / abdominal pain 

Constipation n 

Fee deficiency 

IBD D 

Positivee heme test in stool 

Polypss on sigmo or barium 

Estimatedd population risk* 

Meann no. polyps per patient 

Hixson8 8 

1991 1 

Multi i 

Veterans s 

Cohort t 

90 0 

655 (37-92) 

99% % 

2 2 

Wholee colon 

0 0 

100% % 

0 0 

0 0 

32% % 

4% % 

6% % 

0 0 

1% % 

0 0 

9% % 

2% % 

17% % 

28% % 

High h 

4.6 6 

Rex9 9 

1997 7 

Single e 

Academic c 

Trial l 

183 3 

622 (nr) 

62% % 

1 1 

Wholee colon 

4 4 

98% % 

7% % 

0 0 

38% % 

0 0 

11% % 

3% % 

6% % 

0 0 

4% % 

0 0 

16% % 

14% % 

Medium/high h 

3.8 8 

Matsushita10 0 

1998 8 

Single e 

Academic c 

Trial l 

24 4 

58(42-77) ) 

63% % 

1 1 

Wholee colon 

3 3 

88% % 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

100% % 

Maximal l 

3.8 8 

Rex1: l(l) ) 

2003 3 

Single e 

Academic c 

Trial l 

20 0 

nr(nr) ) 

nr r 

3 3 

Wholee colon 

0 0 

100% % 

nr r 

nr r 

nr r 

nr r 

nr r 

nr r 

nr r 

nr r 

nr r 

nr r 

nr r 

nr r 

nr r 

4.0 0 

R e x "" (II) 

2003 3 

Single e 

Academic c 

Trial l 

50 0 

61(39-87) ) 

76% % 

2 2 

Wholee colon 

2 2 

96% % 

nr r 

nr r 

nr r 

nr r 

nr r 

nr r 

nr r 

nr r 

nr r 

nr r 

nr r 

nr r 

nr r 

5.0 0 

Harrison12 2 

2004 4 

Multi i 

Private e 

Trial l 

98 8 

588 (42-83) 

46% % 

3 3 

Proximall colon 

2 2 

98% % 

41% % 

6% % 

29% % 

0 0 

17% % 

4% % 

0 0 

0 0 

0 0 

0 0 

1% % 

0 0 

Low/medium m 

1.2 2 

nrr = not reported IBD = Inflammatory Bowel Disease * Estimated population risk is a qualitative estimation of the pre-test 
populationn risk of the prevalence of polyps based on the distribution of the indications for colonoscopy. 

riskk for polyps in 2 studies [8,10] medium to high 

riskk in 1 study [9], and 1 study as medium to low 

riskk [12]. No qualification was possible in 2 stud-

iess because of insufficient reporting on indications 

forr colonoscopy. 

AA randomized design comparing different colono-

scopicc techniques (usingthe miss rate determined 

byy tandem colonoscopy as the primary outcome) 

wass used in five of the six cohorts in our study. 

Colonoscopicc techniques that were evaluated 

included:: standard forward view versus retroflexed 

view[12],, wide angle versus standard view [11], 

withh transparent cap versus without [10], and 

aa change in body position [9] of patients during 

colonoscopy.. None of these randomized stud-

iess reported a significant difference between the 

techniquess being compared. Given the absence 

off significant effects on miss rate, we combined 

thee data of the different intervention arms in each 

trial.. The study by Hixson8 et al. was the only "stan-

dard"" cohort study in which patients scheduled to 

undergoo routine outpatient colonoscopy received 

twoo colonoscopies without randomization. 

Wee observed substantial differences in the preva-

lencee of polyps between the study populations. 

Thee mean number of polyps per patient ranged 

fromm 1.2 to 5.0 (Table 1). In the study by Harri-

son122 the colonoscopic examination was limited to 

thee proximal colon. The number of polyps detected 

inn the distal colon was not reported, which largely 

Q Q 
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Figuree 2, Miss rate of all polyps 

Examm 2 /To ta l 

Hixson,, 1 9 9 1 5 8 / 4 1 1 * 

Rex,, 1 9 9 7 1 7 8 / 6 9 7 

Matsushita,, 1998 7 / 9 1 -•—i 

Rex,, 2 0 0 3 ( 1 ) 6 3 / 2 5 0 h 

Rex,, 2 0 0 3 ( 1 1 ) 1 9 / 8 0 h-

Harrison,, 2 0 0 4 4 5 / 121 

Pooledd - 4 21%% (14 to 30) 

00 20 40 60 80 100 

Misss rate (%) 

Note,:: Figure 1 shows signif icant heterogeneity between 

studiess (Q-test p-value < 0 .0001) . 

explainss the low number of polyps per patient. 

Nonee of the other studies elucidated whether the 

highh mean numbers of polyps were attributable to 

aa small number of patients with many polyps or 

whetherr the polyps were evenly distributed among 

patients. . 

Figuree 3. Miss rate by type 

Examm 2 / Total 

Hixson.. 1991 2 4 / 2 2 1 m 

Rex,, 1997 8 9 / 3 7 8 

Rex,, 2003(1) 2 3 / 102 

Rex,, 2003(11) 1 0 / 2 6 

Harrison,, 2004 2 3 / 8 0 

Pooled d 

Hixson,, 1991 3 4 / 1 9 0 i 

Rex.. 1997 8 9 / 3 1 9 

Rex,, 2003 (I) 4 0 / 148 

Rex.. 2003 (II) 9 / 5 4 

Harrison,, 2004 2 2 / 4 1 

Pooled d 

Adenoma a 

22%% (15 to 32) 

Non-adenoma a 

27%% (19 to 37) 

00 20 40 60 80 100 
Misss rate(%j 

retrievee the total number of polyps in the whole 

colon.. There was a moderate, but non significant 

effectt (p-value = 0.12} between the mean number 

off polyps per patient and the observed miss rate. 

Misss rate: all polyps 

Thee miss rates of the individual studies are pre

sentedd in figure 2. The six studies reported a total 

off 1650 polyps of all types and all sizes. Overall, 

3700 of the 1650 polyps were seen at the sec

ondd colonoscopy only. The pooled miss rate was 

2 1 %% (95% CI: 14 - 30%), but figure 2 shows a 

substantiall amount of heterogeneity (Q-test for 

heterogeneityy p-value <0.0001). 

Onee possible explanation for the variation in 

misss rate across studies is a difference in the 

prevalence.. To test whether there was an asso

ciationn between polyp prevalence and miss rate, 

wee included this parameter as a covariate in our 

mixedd model. The study by Harrison12 was exclud

edd from the analysis because we were not able to 

Misss rate by type 

Informationn on non-adenomatous polyps was 

missingg in the report by Matsushita10 et al. In fig

uree 3, the miss rate in the remaining 5 cohorts is 

presentedd stratified by type (adenomatous and 

non-adenomatous).. The pooled miss rate of non-

adenomatouss polyps was higher (27%) compared 

too adenomas (22%), but this difference was not 

statisticallyy significant (p-value = 0.49). 

Misss rate by size 

Thee most commonly reported categories of polyp 

sizee were l-5mm, 5-10mm and >10 mm, which 

weree available in all cohorts except for the study 

byy Matsushita10 et al. None of the studies report

edd the miss rate of non-adenomatous polyps 



Figuree 4. Adenoma miss rate by size 

Examm 2/Tota l 

Hixson,, 1991 1 7 / 1 0 6 - • - Polyps 1-5 mm 

Rex.. 1997 8 1 / 2 9 8 Mi -

Rex.. 2003(1) 2 3 / 9 2 —m-^ 

Rex,, 2003(11) 8 / 2 0 • • • 

Harrison.. 2004 2 2 / 7 1 • « • • 

Pooledd • • • 26% (21 to 30) 

Hixson.. 1991 7 / 5 7 —•—• Polyps 5-9mm 

Rex,, 1997 6 / 4 8 >-m • 

Rex.. 2003(1) 0 / 8 • • 

Rex,2003(11)) 2 / 5 • • • 

Harrison.. 2004 1 / 6 • < 

Pooledd - • - 13% 18 to 20) 

Hixson,, 1991 0 / 5 8 •— Polyps >=10mm 

Rex,, 1997 2 / 32 -

Rex,, 2003(1) 0 / 2 • 

Rex,, 2003 (II) 0 / 1 • - — 

Harrison,, 2004 0 / 3 • — --

Pooledd » - 2 % ( l t o 8) 

00 20 40 60 80 100 

Misss rate {%) 

usingg these three size categories. Therefore, figure 

44 presents the pooled miss rate with 95% confi

dencee intervals by size for adenomas only. The 

adenomaa miss rate increased significantly with 

smallerr size from 2% (large adenomas >10mm) 

too 13% for adenomas 5-10mm (p-value = 0.012), 

andd to 26% for small adenomas 1-5mm (p-value 

== 0.0001). From a total of 96 large adenomas 

(>100 mm), two were detected during the second 

examinationn only. Both were reported within the 

samee study by Rex9 et al. in which the total num

berr of large adenomas was 32 (miss rate 6%). The 

remainingg studies reported a total of 64 adeno

mass >10 mm, all detected at the first examination 

andd therefore, a miss rate of zero. 

Forr nonadenomatous polyps, two studies8 '1 1 

involvingg 376 polyps in 160 patients used a cate

gorizationn of large {>10mm) versus small (<10mm). 

Noo large non-adenomatous polyps were missed 

duringg the first colonoscopy. The miss rate for non

adenomatouss polyps <10mm was 22% (83 / 376). 

Coecumm reach 

Tablee 1 provides the number of patients in whom 

thee colonoscopic examination was incomplete 

eitherr at the first or the second examination. The 

totall number of patients with incomplete examina

tionss was 11 of 473 (2.3%). In all studies except 

forr the study by Matsushita10 et al., these patients 

weree excluded from the analysis. Therefore, of the 

4655 patients in the analysis of polyp miss rate (all 

typess and all sizes; figure 2), 462 patients had two 

completee colonoscopies and 3 patients (0.6%) 

hadd an incomplete first and / or second exami

nation.. The summary estimate for the proportion 

off patients with complete colonoscopy was 98% 

(95%% to 99%). 

Negativee predictive value 

Thee only study to accurately report on patient-

basedd miss rate was the study by Rex9 et al. The 

proportionn of patients without adenomas (of any 

size)) at the first examination was 43% (79 / 183). 

Inn 13 of these 79 patients, at least one adenoma 

off any size was detected at the second examina

tion,, which corresponds with a patient-based 

negativee predictive value of 84%. Rex at al. also 

reportedd an increase in miss rate with more ade

nomass detected during the first examination: the 

misss rate was 16% in patients with 0 adenomas 

att first examination, 30% in patients with 1 adeno

ma,, increasing to 47% in patients with 2 or more 

adenomass at the first examination. 

Discussion n 

Inn this systematic review we analyzed the colo

noscopicc miss rate for polyps by type and size. 

Thee available evidence, however, was based on 

aa relatively small number of heterogeneous stud-
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iess including a total of 465 cases. Our results do 

nott support the widely appreciated assumption 

thatt significant proportions of polyps >10mm 

aree missed during colonoscopy. For smaller sized 

polyps,, we can conclude that the miss rate signifi

cantlyy increases, inversely related to size. 

Thee study by Rex11 et al. was the only study to 

reportt two missed large adenomas. The first was a 

slightlyy raised "flat" 15mm fesion and the second 

wass a polyp of exactly 10mm with a focus of well 

differentiatedd adenocarcinoma, located behind 

aa rectal valve. The question arises whether this 

evidencee is sound enough to conclude that colo

noscopyy misses large polyps in general. 

Thee studies in our systematic review used 

differentt classifications of polyps regarding size-

categoriess and histological types. Most studies 

usedd three size-categories: 1 -5mm, 5 -10mm 

andd >10mm. Although currently most guidelines 

advisee removal of polyps >10mm, it is conceivable 

thatt future guidelines will recommend removal of 

polypss smaller than 10mm. As many gastroen-

terologistt currently remove all polyps, we believe 

thatt reporting sizes of polyps smaller than 10mm 

iss meaningful. The significant miss rate of 13% 

forr polyps 5 to 10 mm could become a serious 

issuee in clinical practice. We therefore support 

thee recommendation by Pickhardt [13] to report 

medium-sizedd polyps (5-10mm) by mm in future 

studiess of polyp detection. 

Thee method of tandem colonoscopy cannot be 

consideredd as 100% accurate to estimate the 

polypp miss rate. In general, back to back colonos

copiess will tend to underestimate the miss rate as 

polypss in awkward positions are more likely to be 

missedd during both examinations. A second fac

torr influencing the estimated miss rate is observer 

variability.. In the study by Harrison12 et al, the 

initiall examination was performed by a fellow and 

thee second examination by an expert gastroenter-

ologist.. This may have inflated the miss rate. In the 

studyy by Rex11 et al, both examinations were per

formedd by a single observer. Hereby, the miss rate 

wass not liable to inter-observer variation. However, 

thee miss rate reported in this study was likely to 

bee underestimated because the endoscopist was 

specificallyy selected as the endoscopist with the 

lowestt miss rate from a group of 26 observers. 

Anotherr potential source of variability in stud

iess concerning polyp detection is the accuracy 

off size measurement. In 1997, Schoen reported 

thatt the endoscopists' estimates of polyp size are 

oftenn unreliable. In 5 of 11 instances, the inaccu

racyy altered the classification of polyps across the 

l c mm threshold [14]. There is evidence available 

suggestingg that this inaccuracy can be reduced 

byy using a calibrated linear probe instead of an 

openn forceps [15]. To reduce observer variability, 

thee optimal method to prospectively investigate 

polypp miss rate, independent of other tests, would 

bee by tandem-colonoscopy performed by a single 

observerr within a non-randomized consecutive 

seriess of patients. A commonly accepted colo

noscopicc protocol should be used with accurate 

reportingg of the bowel preparation method, the 

degreee of bowel preparation, sedative use, type 

off scope, position of the patient and the exami

nationn time. Valuable information might be lost if 

patientss with incomplete colonoscopic examina

tionn are excluded from the study because polyps 

cann be missed in the visualized part of the colon. 

Thee proportion of these patients and the causes 

off coecal non-reach should be reported. All adeno

matouss and non-adenomatous polyps should be 

removed.. In order to compare results, adequate 

descriptionn of the frequencies of histological sub

typess of adenomas and non-adenomatous polyps 

iss also essential. For reporting diagnostic studies 

inn general, we would like to refer to the STARD-

checkk list. [16] 
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Thee included studies showed no consensus on 

thee categorization of histo-pathological subtypes 

off nonadenomatous polyps. Only two studies 

reportedd a specified description. Harrison12 etal. 

reportedd 5 categories: 'hyperplastic polyp', 'benign 

mucosa',, 'pseudo polyp', 'inflammatory polyp' and 

'abscess'.. Hixson7 '8 et al. reported 4 categories: 

'hyperplasticc polyp', 'inflammatory polyp', lym

phoid',, 'fibroma' and 'no pathological diagnosis'. In 

thee remaining studies9 -1 0 '1 1 there was no specific 

descriptionn of non-adenomatous polyps. 

Thee growing evidence on nonadenomatous polyps 

(e.g.. hyperplastic polyps) being predecessors of 

cancerr requires that study reports should not be 

limitedd to adenomas only [17]. Another reason for 

providingg more information on all polypoid lesions 

detectedd by colonoscopy (e.g. subtype, size, loca

tion,, frequency), is that virtual colonoscopy does 

nott differentiate between adenomas and nonad

enomatouss polyps. In such studies, colonoscopy 

iss used to verify atl lesions detected by virtual 

colonoscopy. . 

Ourr study was limited to the colonoscopic miss 

off adenomatous and non-adenomatous polyps. 

Theree are many studies suggesting that colorec

tall carcinomas are also missed. In a recent study, 

Roberstonn et al. investigated the short-term occur

rencee of colorectal neoplasms in 2915 patients 

whoo had undergone a full colonoscopy with polyp

ectomyy of at least one adenoma [25]. Six patients 

(0.2%)) were diagnosed with a neoplasm within 24 

monthss of the initial polypectomy. Although there 

wass no specific evidence (such as in a same-day 

tandemm study), the authors suggest that polyps or 

smalll cancers might have been missed during the 

initiall colonoscopy in these patient. 

Severall important issues concerning the colono

scopicc procedure could not be addressed in this 

review.. None of the studies reported the identifica

tionn of anatomical landmarks during colonoscopy 

exceptt for the coecal valve. Therefore, we were not 

ablee to analyze the miss rate by site. It may be use

full to report the location of polyps in eight colonic 

segmentss (rectum, sigmoid, ascending, flexura lie-

nalis,, transversum, flexura hepatica, descending 

andd coecal valve-coecum), which leads to more 

accuratee reporting on 'problem areas' in which the 

misss rate might be higher. 

Inn most studies the examinations were performed 

byy highly experienced gastroenterologists, which 

iss reflected by the surprisingly high proportion of 

patientss with a complete examination to the coe-

cumm of 97%. These results are not in line with 

otherr evidence. Bowles et al. (2005) reported a 

largee study including 9223 colonoscopies in 68 

endoscopyy units in the UK in which the target of 

aa complete examination to the coecum in 90% of 

thee patients was not achieved.[18] 

Anotherr factor that may have influenced polyp 

detectionn was suboptimal bowel preparation. Two 

studies8-- 9 reported bowel preparation on a cat

egoricall scale (excellent, good, adequate, or poor). 

Nonee of the studies reported the use of sedatives 

orr patient acceptance of the colonoscopic proce

dure. . 

Severall techniques to improve colonoscopic polyp 

detectionn are already available or currently under 

investigation.. It is reported that chromoendoscopy 

improvess the detection of small adenomas and 

facilitatess the visualization of mucosal lesions but 

thee technique is time-consuming which makes it 

lesss appropriate for widespread use [22,23]. New 

developmentss such as narrow-band imaging, auto-

fluorescencefluorescence colonoscopy and immunoscopy are 

promisingg techniques and might change the stan

dardd of reference in the future, but are currently 

inn an experimental phase [24]. Available studies 

onn these topics were not included in our analysis 
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becausee none of them used a tandem-colonos-

copyy to determine miss rate. 

Theree is no proper reference standard for deter-

miningthee 'true' colonoscopic miss rate. In theory, 

althoughh unethical, the ultimate reference stan

dardd would be total colectomy. In 2002, Postic 

reportedd a study in which the miss rate of polyps 

andd colonic cancer was assessed by comparing 

colonoscopyy with partial colon resection [19]. 

Thee very low miss rate of large polyps was com

parablee to our results: in the resected segments 

off 156 patients, an endoscopist had overlooked 

onee 10mm polyp in the ascending colon and two 

>10mmm cancers within one patient with cancer of 

thee sigmoid. The two latter lesions, missed in the 

ascendingg colon, were discovered during surgery 

only,, probably because colonoscopy could not be 

completedd to the proximal colon. 

Anotherr method to get closer to the 'true' colono

scopicc miss rate is by virtual colonoscopy guided 

'secondd look colonoscopy '. Recent studies using 

virtuall colonoscopy reported that 11% to 17% 

off the polyps 10mm or larger were missed by 

thee initial colonoscopy [13, 20, 21]. Although 

evidencee is still limited, these data indicate that 

colonoscopicc miss rate of polyps 10mm or larger 

mightt be significantly higher as compared with the 

resultss of our review. We believe that, if the main 

objectivee of a study is limited to estimating the 

colonoscopicc miss rate, virtual colonoscopy can 

bee considered as a helpful tool. However, within 

studiess evaluating the sensitivity and specificity 

off virtual colonoscopy a problem occurs when a 

compositee reference standard (colonoscopy guided 

byy virtual colonoscopy) is used to evaluate the test 

underr evaluation (virtual colonoscopy). By using 

thee results of the test under evaluation (virtual 

colonoscopy)) to enhance the performance of the 

referencee standard (colonoscopy), the sensitivities 

off the virtual colonoscopy might be influence, a 

phenomenonn known as incorporation bias. This 

generallyy leads to inflated estimates of sensitivity 

andd specificity of the test under evaluation [6]. We 

thereforee decided to perform a systematic review 

usingg studies in which the colonoscopic miss rate 

wass determined independently of any other test. 

Subsequently,, our results can be used to get an 

insightt into whether observed sensitivities and 

specificitiess might be inflated or underestimated 

inn all studies usingcolonoscopyasan independent 

referencee standard [5]. Especially for polyps 

smallerr than 10mm, the colonoscopic miss rate 

mightt have a substantial impact on the accuracy 

off the test under evaluation. In studies evaluating 

virtuall colonoscopy, we support the reporting of 

thee performance using the reference standard 

beforee unblinding alongside the results after 

unblinding,, as done by Pickhardt et al [13]._ 

Concludingg remarks 

Forr colonoscopy, the miss rate of large polyps 

appearss to be acceptably low, but more evidence 

onn possible causes of miss rate is warranted. The 

consequencess of missing smaller sized polyps 

andd finding the optimal method for their detec

tionn remain matters for future research. We would 

likee to point out that, in the absence of a proper 

referencee standard, an independent assessment 

off miss rate of any colonoscopic technique will be 

liablee to the intrinsic limitations of the technique 

andd its susceptibility to observer variability. 
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Abstract t 

Background.. The use of an imperfect reference standard may influence esti

matess of accuracy of the test under evaluation. 

Purpose.. To investigate the effects of colonoscopic polyp miss on accuracy esti

matess of virtual colonoscopy (VC). 

Methods.. Our analysis started with uncorrected estimates of accuracy of VC as 

obtainedd in studies using optical colonoscopy as the reference standard for pol

ypp detection. Estimates of colonoscopic miss rates by polyp size were derived 

fromm a systematic review of tandem colonoscopy studies. In a patient-based 

simulationn study, the proportion of patients missed was varied from 0% to 100% 

too evaluate the effects on estimates of accuracy. 

Results.. In polyps >10mm, a low colonoscopic miss rate did not significantly 

influencee the test characteristics of virtual colonoscopy. In polyps 5-10mm, 

inn the most likely scenarios, the simulation showed overestimated sensitivity, 

negativee predictive value and diagnostic odds ratio (DOR) of VC. In diminutive 

polyps,, the accuracy of VC was overestimated in all possible scenarios. 

Conclusion.. In polyps >10mm, a low colonoscopic miss rate did not significant

lyy influence the accuracy estimates of virtual colonoscopy. In polyps <10mm, 

usingg optical colonoscopy as the reference standard leads to inflated estimates 

off accuracy of virtual colonoscopy. 
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Introduction n 

Virtuall colonoscopy (VC) is a promising non

invasivee imaging technique which could play an 

importantt role in future mass screening programs 

forr colorectal cancer. The available studies on 

thee evaluation of VC show that the quality of the 

techniquee has improved up to a point that many 

physicianss consider implementation in clinical 

practicee for certain clinical indications [1], How

ever,, the reported estimates of the accuracy of VC 

mayy be overestimated because of the use of an 

imperfectt reference standard. 

Estimatingg test error rates from misclassified data 

ass a result of an imperfect reference standard is 

aa long-standing methodological and statistical 

issuee in studies evaluating diagnostic tests [2-3], 

Misclassificationn leads to changes within the 2x2 

contingencyy table in which usually the observed 

resultss of the test under evaluation are tabulated 

againstt the reference standard. Therefore, the test 

characteristicss calculated from the observed 2x2 

tablee are influenced. To correct for misclassification 

severall methods have been proposed, dependent 

onn the type of data involved and the number of 

knownn parameters [4-5]. In our example, we use 

estimatess of the true prevalence and false nega

tivee rate of the reference standard as obtained in 

publishedd tandem-colonoscopy studies [6]. 

Inn studies evaluating the diagnostic accuracy of 

VC,, optical colonoscopy is used as the reference 

standardd because it is the best available method 

forr the detection of polyps [7-8]. It is also known 

thatt a substantial number of polyps are missed 

duringg the colonoscopic examination [6], The aim 

off this study was to estimate the amount of bias in 

studiess evaluating the accuracy of VC using optical 

colonoscopyy as the reference standard. 

Wee will first illustrate how an imperfect reference 

standardd alters the 2x 2 table. This section will pro

videe the necessary background information about 

thee key factors determining the amount and the 

directionn of bias. In the next section we describe 

thee scenario model to correct the observed sensi

tivitiess and specificities of VC in accuracy studies 

usingg optical colonoscopy as imperfect reference 

standard.. We present the results from our mod

ell stratified by three size-categories of polyps: 

l-5mm,, 5-10mm and >10mm. In the final section 

wee discuss the strengths and limitations of our 

studyy and provide suggestions for the reporting 

andd analysis of future studies evaluating the accu

racyy of virtual colonoscopy. 

1.. Background information 

1.11 Classic accuracy study 

Inn a classic diagnostic accuracy study the results 

off the test under evaluation {index test) are com

paredd to the outcome of the reference standard 

inn order to verify whether the target disease was 

trulyy present or absent. Usually, a two by two table 

iss constructed to cross-classify the results of the 

indexx test against those of the reference standard. 

Fromm this table, several index test characteristics 

orr accuracy measures indicating the ability to dis

tinguishh the diseased from the non-diseased can 

bee calculated. Appendix A shows the formulas of 

thee most frequently used test characteristics cal

culatedd from a single two by two table: sensitivity, 

specificity,, negative and positive predictive values 

andd the Diagnostic Odds Ratio (DOR). 

1.22 Impact of imperfect reference standard that 

missess disease 

Inn the evaluation of diagnostic tests, the 'golden' 

orr 'reference' standard should preferably be the 

bestt available method to determine whether the 

targett disease is present or absent [9]. The ideal 



referencee standard would be error-free in all sub

jects.. However, almost all methods of verification 

aree to some degree imperfect [10]. Even a highly 

reliablee method such as pathologic review of a 

biopsyy specimen is not flawtess in retrieving the 

'truth':: either because the specimen was errone

ouslyy not taken from the exact location of interest 

orr because an observational error was made [11-

12].. In many other situations, a less reliable 

methodd of verification is deliberately adopted 

becausee the ultimate reference standard is con

sideredd to be too invasive or harmful. For example, 

inn mass screening studies on breast cancer or 

coiorectall cancer, surgical excision would be the 

ultimatee method to determine the true status of 

diseasee but because of the low prevalence, it 

wouldd be unethical to subject all patients to such 

ann invasive method. Therefore, less reliable or 

'imperfect'' methods such as clinical follow-up or 

colonoscopyy are frequently used as methods of 

verificationn [13]. 

Usingg an imperfect reference standard leads to 

misclassificationn within the two by two table, alter

ingg one or more accuracy measures of the index 

test.. Theoretically, two possible errors can occur: 

eitherr the reference standard labels subjects as 

havingg the disease of interest while in reality the 

diseasee was absent or the reference standard 

missess disease (falsely labeling patients as dis

ease-free).. In many methods of verification the 

latterr is can be considered as the main problem. 

Oftentimes,, endoscopic procedures and imaging 

testss are used just to 'detect' abnormalities. If so, 

thee scope of the investigation is to assume nor

mall anatomy unless an abnormality is detected, 

withoutt interpreting its morphology or diagnosis. 

Inn our article, we consider optical colonoscopy as 

aa reference standard that might miss polyps but 

neverr falsely identifies polyps. 

1.33 Information necessary to correct biased 

estimatess of accuracy 

Tablee 1A shows an observed 2 by 2 table in which 

aa number of the truly diseased were missed by 

thee reference standard. Among the 820 persons 

classifiedd as disease-free, some should have been 

labeledd as having the disease. Subsequently, the 

numberr of 180 persons indicated as having the 

diseasee is underestimated. If we would know the 

misss rate, we can calculate how many subjects 

shouldd move from the non-diseased column to the 

diseasedd column. In our example, the miss rate 

wass 13% of the truly diseased. Therefore, the 180 

subjectss labeled as diseased accounted for only 

87%% of the true number with the disease, which 

shouldd have been 206. In conclusion, 266 persons 

{2066 minus 180) were falsely labeled as disease-

free,, e.g. were missed by the reference standard. 

Too correct the 2 by 2 table, only knowing the appro

priatee number of patients that have to move from 

thee non-diseased column to the diseased column 

iss not sufficient. We also need to know how many 

off the missed patients move from the b cell to the 

aa cell or from the d cell to the c cell. In other words, 

wee need to know how many of the patients missed 

byy the reference standard were also missed by the 

indexx test. Tables 1B&C show the corrected 2 by 

22 tables according to the two most extreme sce

narios:: either all patients missed by the reference 

standardd were also missed by the index test (IB) 

orr all patients missed by the reference standard 

hadd a positive index test result indicating that they 

weree not missed by the index test (1C). 

Basedd on these two 'extreme' situations, we can 

calculatee the corrected minimal and maximal val

uess of all characteristics of the index test. The 

extremee values of the sensitivity vary from 61 to 

74%.. This implies that the observed uncorrected 

e e 



OverestimatedOverestimated accuracy of virtual colonoscopy 

Tablee 1 . Example of correcting the observed 2 by 2 table for miss rate by the reference standard 

A. . 

Indexx Test 

Total l 

+ + 

Diseased d 

126 6 

54 4 

180 0 

Imperfectt Refe 

4 * --

^26 6 

rencee Standard 

Non-diseased d 

57 7 

763 3 

820 0 

Total l 

183 3 

817 7 

1000 0 

OBSERVED D 

Sensitivity y 

Specificity y 

PPV V 

NPV V 

DOR R 

== 70% 

== 93% 

== 69% 

== 93% 

== 31 

Alll patients missed by referencealso missed by the index test 

Truee no. diseased True no. non-diseased 

Indexx Test 

Total l 

C. . 

Indexx Test 

Total l 

+ + 

+ + 

126 6 

80 80 

206 206 

Allp p 

Truee no. 

152 2 

54 4 

206 6 

57 7 

737 7 

794 4 

183 3 

817 7 

1000 0 

CORRECTED D 

Sensitivity y 

Specificity y 

PPV V 

NPV V 

DOR R 

Alll patients missed by reference positive on the index test 

61% % 

93% % 

69% % 

90% % 

20 0 

Truee no. non-diseased 

311 183 

7633 817 

794794 1000 

Sensitivity y 

Specificity y 

PPV V 

NPV V 

DOR R 

== 74% 

== 96% 

== 83% 

== 93% 

== 69 

valuee of 70% is either over- or underestimated. The 

samee applies to the observed specificity and the 

observedd diagnostic odds ratio (DOR) [Table 1]. 

Thee observed positive predictive value (PPV) either 

remainss unchanged (this is when all patients 

missedd by the reference are missed by the index 

testt too) or it is underestimated. The observed 

negativee predictive value (NPV) either remains 

unchangedd (this is when all patients missed by the 

referencee have a positive index test result). 

2.. Scenario model 

Wee will now use the approach outlined in Sec

tionn 2 to estimate the amount of bias in reported 

estimatess of accuracy for virtual colonoscopy in 

studiess that have used optical colonoscopy as the 

imperfectt reference standard. In the next para

graphh we will present the input parameters that 

wee used in our scenario model. The results are 

thenn presented in 3.2. 

2.11 Scenario modei: input parameters 

Wee started with reported estimates of accuracy 

forr virtual colonoscopy stratified by three size 

categoriess as reported in the literature. We used 

dataa from the recently published meta-analy

siss by Mulhall et al. in 2005 to obtain reported 

estimatess of the sensitivities and specificities of 

virtuall colonoscopy for polyp detection from [14]. 

Thesee values were use to create observed 2-by-2 

tabless using convenient study size of 1,000. Little 

evidencee was available on the patient-based prev

alencee of polyps per size-category. We found two 

articless from which we derived these data [15-16]. 

Dataa are summarized in table 2. 

Too correct the observed 2x2 tables for misclas-

sificationn by the reference standard requires two 

moree estimates: the amount of miss rate and the 

degreee to which the patients missed by the refer

encee standard were also missed by the index test. 

Wee retrieved the amount of miss rate from a meta-



Tablee 2. Input parameters for scenario model 

Virtual l 

Colonoscopy y 

Sensitivity y 

Specificity y 

Prevalence e 

PPV V 

NPV V 

DOR R 

Misss rate 

>10mm m 

85% % 

97% % 

12% % 

2% % 

Polypp size 

5-100 mm 

70% % 
93% % 

18% % 

13% % 

l-5mm m 

48% % 
91% % 

57% % 

79% % 

98% % 

183 3 

69% % 

93% % 

31 1 

88% % 

57% % 

9 9 

26% % 

Source e 

Meta-analysiss by Mulhall9 

Vann Gelder1^ R e x " 

Calculatedd with formulas in Appendix A 

Revieww tandem-colonoscopy1 

Chapterr 7 in this thesis. 

analysiss of tandem-colonoscopy studies in which 

patientss received two same-day colonoscopies 

withh polypectomy [3]. The number of polyps found 

duringg the second colonscopy divided by the total 

numberr of polyps found during first and second 

examinationn was considered to be an estimate of 

thee miss rate of colonoscopy [Table 2]. Because 

wee found no published data on the degree of 

patientss missed by both the reference standard 

ass and virtual colonoscopy, we varied the value of 

thiss parameter from minimal to maximal to show 

thee potential impact across all values. 

Inn our simulations, the number of patients missed 

byy the reference as well as by the index test is 

expressedd as a proportion of the total number 

missedd by the reference standard (number of 

patientss missed by the virtual colonoscopy out 

off the patients missed by the reference standard 

dividedd by the total number of missed by the ref

erencee standard). In theory, this proportion can 

varyy from 0% to 100%. In some situations, how

ever,, extreme values are impossible because the 

numberr of missed polyps by the reference stan

dardd would then exceed the maximal number of 

patientss available to be shifted from the non-dis

easedd to the diseased column. This can either 

bee from false positive to true positive (during low 

valuess of error association) or from true nega

tivee to false negative (during high values). If one 

off the cells becomes zero the surplus has to be 

shiftedd in the opposite row. Then, the proportion 

off patients missed both by the reference can no 

longerr be varied from 0% to 100%. The formulas 

too correct the observed estimates of accuracy are 

presentedd in appendix B. 

2.22 Results of the scenario model: large polyps 

(>10mm) ) 

Becausee of the low miss rate (2%) of polyps 

>10mm,, the corrected test characteristics diverged 

littlee from the observed values. The minimal and 

maximall corrected sensitivity varied between 

83.66 and 85.2%, which is hardly different from the 

observedd sensitivity of 85.0%. Similar marginal 

changess were seen for the specificity. The mini

mall and maximal corrected DOR were respectively 

1655 and 202. The observed DOR of 183 was over

estimatedd as soon as the proportion of patients 

missedd by the reference standard as well as by the 

virtuall colonoscopy went beyond 45%. 

2.33 Results of the scenario model: medium sized 

polypss (5-10mm) 

Figuree 1 shows the corrected sensitivity and the 

specificityy for polyps 5-10mm. The observed values 
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Figuree 1 . Scenario model: corrected sensitivity and specifi
cityy in patients with polyps 5-10mm. 

00 10 20 30 40 50 60 70 80 90 100 

Note.:: X-axis shows the proportion of patients missed by the 
virtuall colonoscopy as well as the reference standard. Cor
rectedd values indicated by continuous lines, horizontal dot
tedd lines represent the observed value. 

aree indicated by the horizontal dotted lines. The 

minimall and maximal sensitivities were 6 1 % and 

74%.. As soon as the proportion of patients missed 

byy both the virtual colonoscopy and the colonscopy 

reachedd 30% (vertical dotted line), the observed 

sensitivityy was overestimated. The minimal and 

maximall specificities were 93.0% and 92.8% for 

mediumm sized polyps, indicating virtually no influ

encee on the specificity. As soon as the proportion 

off patients missed by both the virtual colonoscopy 

andd the colonscopy reached 90%, the observed 

sensitivityy was overestimated. 

Thee negative predictive value (NPV) was maxi

mallyy overestimated by 3% (observed 93%; 

correctedd 90%). The positive predictive value (PPV) 

wass underestimated. However, the more the pro

portionn on the x-axis increased, the less the PPV 

wass underestimated (Figure 2A). 

Theree was a relatively large impact on the observed 

DORR of 31 (Figure 2B). If more than 60% of the 

patientss were missed by both techniques, the 

observedd DOR became overestimated up to a max

imumm of 11 points (corrected DOR at 100%: 20). 

2.44 Results of the scenario model: diminutive pol

ypss (l-5mm) 

Thee observed sensitivity of virtual colonoscopy 

forr polyps smaller than 5mm was as low as 48%. 

Becausee of the high miss rate of 26%, the pro-

Figuree 2. Scenario model: corrected predictive values and diagnostic odds ratio (DOR) in patients with polyps 5-10mm. 

00 10 20 30 40 50 60 70 80 90 100 
Note:: NPV = Negative Predictive Value, PPV = Positive predictive value. 

00 10 20 30 40 50 60 70 80 90 100 

m m 



portionn of missed patients by virtual as well as 

opticall colonoscopy could only be varied between 

81%% and 100%. In other words, at least 81% of 

thee patients missed by the colonscopy had to be 

consideredd as missed by the virtual colonoscopy 

too.. Throughout the total range, the observed sen

sitivityy was overestimated and the specificity was 

overestimatedd if the proportion missed by both 

techniquess (on the x-axis) went beyond 90%. There 

wass a large impact on the NPV, which was over

estimatedd at least 24% (observed 57%; corrected 

minimumm was 28% and corrected maximum was 

33%).. The observed DOR of 10 was also overesti

matedd in all possible scenarios. 

2.44 Interpretation of the scenario model 

Fromm figures 1 and 2, we can conclude that in our 

examplee of patients with medium sized polyps the 

accuracyy parameters can either be overestimated 

orr underestimated. However, it is likely that the 

proportionn of patients missed by both techniques 

iss high. Because it is known that in some cases 

thee virtual colonscopy detects polyps while the 

colonscopyy did not, the proportion missed by both 

techniquess is unlikely to be 100%. Nevertheless, 

wee believe that in the most likely scenarios the 

majorityy of the patients missed by the colonscopy 

aree also missed by the virtual colonscopy. If we 

assumee this proportion to be at least 70%, we can 

concludee that the sensitivity, the negative predic

tivee value and the DOR are overestimated. 

Discussion n 

Thiss study showed that the test characteristics of 

virtuall colonoscopy are influenced by using colo

noscopyy as the reference standard. The impact of 

colonoscopicc miss rate on the test characteristics 

dependedd on two factors: the magnitude of the 

misss rate and the extent to which patients were 

missedd by the index test (virtual colonoscopy) as 

welll as by the reference standard (colonoscopy). 

Inn patients with large polyps, the low colonoscopic 

misss rate caused little influence on the test char

acteristicss of virtual colonoscopy. For smaller 

polyps,, the colonoscopic miss rate caused a sub

stantiall bias in the accuracy estimates of virtual 

colonoscopy. . 

Thee validity of our approach is determined by the 

validityy of our input parameters, because the cal

culationss themselves are fairly straightforward. 

Wee used the sensitivities and specificities from 

aa meta-analysis by Mulhall [14]. We chose to use 

thesee data because the meta-analysis was on a 

per-patientt basis. This was important because 

otherwise,, - if we used polyp-based data only, - we 

wouldd not have been able to calculate the nega

tivee predictive values nor the odds ratios. 

Too obtain accurate colonoscopic miss rate data, 

wee performed a systematic review of tandem-

colonoscopyy studies [6]. In the included studies, 

patientss underwent two same-day colonoscopies 

withh polypectomy. All polyps found during the sec

ondd examination were considered to have been 

missedd during the first examination. In these stud

ies,, the miss rate was expressed on a per-polyp 

basis.. These estimates of the miss rate are prob

ablyy underestimated because in tandem studies 

thee number of polyps missed during both exami

nationss could not be assessed. Because there 

weree no studies available reporting miss rate on 

aa per-patient level, we used these per-polyp miss 

ratee data in our study. 

Thee most uncertain parameter in our simulation 

studyy was the amount of error correlation, the 

estimatee of the proportion of patients missed by 

Q Q 
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bothh the virtual colonoscopy and the reference 

standard.. Because there are no data available on 

howw many patients were missed by the reference 

standardd as well as by the index test, we per

formedd a simulation study in which this proportion 

wass varied from 0% to 100%. As this proportion 

increased,, the most important parameters (sen

sitivityy and negative predictive value) became 

moree inflated, dependent on the magnitude of the 

misss rate. Although we were unable to estimate 

thee exact proportion of patients missed by both 

techniques,, we assume this overlap to be fairly 

high.. On the other hand, it is also known that vir

tuall colonoscopy is capable of detecting polyps in 

somee awkward locations within the colon which 

cannott be reached by colonoscopy. Therefore, a 

numberr of patients missed during the colonoscop

icc examination will not have been missed by the 

virtuall colonoscopy. There is some evidence avail

ablee on polyps detected by virtual colonscopy but 

nott by optical colonoscopy. The evidence, however, 

iss limited to large polyps. Reported polyp-based 

percentagess from two recent studies vary from 12 

too 17% [17-18]. 

Too get to more valid estimates of the test char

acteristicss of virtual colonoscopy, future studies 

withinn the field of polyp detection should focus 

onn two main goals. The first goal is to minimize 

polypp miss rate by improving the performance of 

colonoscopy.. New developments such as narrow

bandd imaging, auto-fluorescence colonoscopy and 

immunoscopyy are promisingtechniques. They may 

changee the standard of reference in the future, but 

aree currently in an experimental phase [19]. The 

secondd goal is to investigate the patient-based 

colonoscopicc miss rate, not only for large polyps, 

butt also for smaller sized polyps. We believe that 

thee patient-based negative predictive value is an 

essentiall parameter in order to determine the 

valuee of virtual colonscopy within future screening 

programs.. Although not optimal, tandem-colonos-

copyy can be considered as the most appropriate 

methodd for this purpose. As shown in our study, 

thee estimates from such studies can be used to 

correctt the test characteristics of virtual colonos

copyy more accurately, 

Virtuall colonoscopy isa promisingtechnique butin 

ourr opinion, the current performance with respect 

too polyp detection is far from optimal, especially in 

polypss smaller than 10mm. The available studies 

reportt relatively disappointing sensitivities, even 

withoutt accounting for colonoscopic miss rate. 

Researcherss evaluating virtual colonscopy,- in 

particularr researchers modeling the benefits and 

disadvantagess of screening programs involving 

thiss technique,-should realize that, because of the 

limitationss of the reference standard (colonosco

py),, the currently reported test characteristics of 

virtuall colonoscopy are overestimated. 
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Basee table 

APPENDIX X 

T T 
+ + 

T T 

D+ + 

TP P 
a a 

c c 

FN N 

D~ ~ 

FP P 
b b 

d d 

TN N 
1-p p N N 

T+:: Index Test positive 
T-:: Index Test negative 
D+:: Disease Positive 
D-:: Disease Negative 
p:: No. patients with disease 

TP:: Index Test True Positive (a) 
FP:: Inde x Test False Positive (b) 
FN:: Index Test False Negative (c) 
TN:: Index Test True Negative (d) 

Parameters s 

Sensitivity y 

Specificity y 

Positivee Predictive Value 

Negativee Predictive Value 

Diagnosticc Odds Ratio 

Formula a 
a a 

a+c c 

b+d d 

a a 
a+b b 

d d 
c+d" " 

b,, b*c 

B B Formulass to correct an observed base 2x2 table for miss rate of the reference standard 

Minimal l 
Corrected d 
ac c 
bc c 

cc c 

dc c 

IFF m>b 

ac c 
bc c 

Cc c 

dc c 

Observed d 
aa + m 
bb - m 
c c 
d d 

aa + b 
0 0 
cc + (m-b) 
d-(m-b) ) 

Maximal l 
Corrected d 
ac c 
bc c 

cc c 

dc c 

IFm>d d 

a. . 
bc c 

cc c 

dc c 

Observed d 
a a 
b b 
cc + m 
d~~ m 

aa + (m-d) 
b-(m-d) ) 
cc + d 
0 0 

Note:: *c = corrected value: m = number missed by the reference standard 





CC h a pter 

Integratingg observer variation in studies 
evaluatingg the accuracy of diagnostic imaging 

tests s 

J.C.. van Rijn1, MD, J.B. Reitsma1, MD, PhD, P.M. Bossuyt1, PhD 

iDepartmentt of Clinical Epidemiology & Biostatisttcs, 

Universityy of Amsterdam, The Netherlands 

9 9 



Abstract 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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Introduction 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.. Basic evaluation of 
imagingg tests 

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], 

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

A.. Unpaired comparison with reference standard 

Observerr 1 
Indexx Test 

Reference e 
Standard d 

TP P 

FN N 

FP P 

TN N 

Observerr 2 
Indexx Test 

Reference e 
Standard d 

TP P 

FN N 

FP P 

TN N 

B.. Interobserver agreement 

Observerr 1 
Indexx Test 

Observerr 2 
Indexx Test 

++ + 

-- + 

++ -

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 Limitations of the basic study design 

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.. Radiological 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). 

Figuree 4. Radiological evaluation: lesion-based two-step 
process s 
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DETECTION N 

Observerr 1 
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Observerr 2 
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Observerr 1 
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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. 

Detection 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). 

Interpretation 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.. Integrated design 

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-evaluation 

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-acquisition 

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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Figuree 5. Integrated design: flow chart 
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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 Blinding & pre-test information 

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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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.. Analysis and reporting 

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 Observer variation 

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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Figuree 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: index test versus reference 

standard 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 Unpaired lesion-based analysis 

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 Paired lesion-based analysis 

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-based accuracy 

Figuree 9 shows the paired comparison of the patient-

basedd diagnosis with the reference standard. The 

Figuree 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. 

Discussion 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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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 



Figuree 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-statisticc = 0.62 

Agreement** = 'good' 

Agreementt = 8 1 % 

Disagreementt = 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 

H H 
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questions,, data-acquisition methods and the num

berr of observers need further exploration. 

Inn the meantime, we would like to encourage 

researchess to emphasize the importance of 

detailedd observer variation assessment in radio

logicall studies. 
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Thiss thesis addresses a number of methodological issues in the field of diag

nosticc imaging. These issues are illustrated by two clinicai examples: the 

evaluationn of spiral CT and MR imaging in patients suspected of herniated discs 

(chapterr 2 through 6) and the use of virtual colonoscopy to detect colonic polyps 

(chapterr 7 and 8). Based on our observations during the analysis and reporting 

off these topics, we constructed a general model for the analysis and report

ingg of diagnostic imaging tests (chapter 9). The key principle of this 'integrated 

approach'' is to emphasize the importance of a detailed and structured evalua

tionn of observer variation in radiological studies. 
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Spirall CT and MRI in patients suspected of 

lumbarr herniated discs 

Inn The Netherlands, each year 148,400 new 

casess of radicular lower back pain present them

selvess at the general practitioner (incidence: 18.7 

// 1000 / year) and 26,200 lumbar herniated discs 

aree newly diagnosed (incidence 3.3 / 1000 / 

year)) [1]. The majority of the patients suspected 

off herniated discs can be treated conservatively 

butt in 20 to 30% of the cases, surgical interven

tionn is performed (11,000 times per year in the 

Netherlands).. To decide on conservative or surgi

call treatment, diagnostic imaging plays a key role, 

withh MRI as the primary investigation of choice. 

Inn Chapters 3 to 6 we present the results of a pro

spectivee project to evaluate the diagnostic work-up 

off patients suspected of lumbar herniated discs. 

Thee aim of the study was to determine the value of 

MRII in current clinical practice and to investigate 

too what extent state-of-the-art spiral CT is a suit

ablee alternative. 

Thee main methodological issue with respect to 

thee investigation of imaging techniques in lum

barr herniated discs is the absence of a reference 

standard.. This prevented us from calculating clas

sicc accuracy parameters, such as sensitivity and 

specificity.. An alternative issue in evaluating imag

ingg tests is observer variation. If observer variation 

iss unacceptably high, the test can be considered as 

uselesss for clinical practice. In imaging of patients 

suspectedd of herniated discs, a complicating 

factorr is the high prevalence of asymptomatic 

abnormalities.. To distinguish between symptom

aticc and asymptomatic abnormalities, knowledge 

off the clinical signs and symptoms is needed. 

Inn the study reported in chapter 3, we investigated 

thee magnitude and causes of observer variation 

inn the reading of MRI images. A second question 

wass whether disclosure of clinical information had 

ann impact on observer variation. In 80 of the 352 

evaluatedd intervertebral discs (23%), there was 

disagreementt among the observers. The main 

causee of disagreement was on whether the disc 

wass normal or abnormal: an issue of 'detection'. In 

thee remaining cases, the radiologists disagreed on 

whetherr the abnormal disc was herniated or 'bulg

ing':: an issue of 'interpretation'. The re-evaluation 

off the discordant results showed that in two cases 

thee most likely cause of disagreement was a differ

encee in localization. In these patients an evident 

herniatedd disc was present but there was no clar

ityy on the level L5-S1, which fed to disagreement 

onn the presence of a herniated disc. Disclosure of 

clinicall information did not influence the radiolo

gistss in their reading of the MRI images. 

Inn chapter 4, we evaluated the correspondence 

betweenn clinical examination and MRI results. 

Inn clinical practice, the combined information 

fromm history and physical examination and imag

ingg is used to arrive at a final treatment decision 

inn patients suspected of herniated discs. In more 

thann two-thirds of the patients with unilateral LRS 

theree was no exact match between the predicted 

levell of a herniated disc after clinical examination 

andd MRI findings. In these patients, the decision 

onn whether or not to surgically intervene is not 

straightforward.. This substantial discordance 

betweenn clinical examination and MRI is caused by 

thee complex, multi-level pattern of signs and symp

tomss in most patients with radiating back pain. 

Basedd on chapters 3 and 4, we can conclude that 

thee diagnostic work-up of patients suspected of 

herniatedd discs is not straightforward. There is 

littlee consensus on the nomenclature of abnor

malitiess detected by MRI in the lower back. The 
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'predictivee value' of clinical evaluation combined 

withh MRI to decide whether or not to surgically 

intervenee is low. 

InIn clinical practice, treatment decisions therefore 

oftentimess depend on individual and subjective 

arguments.. In order to get to a more standard

izedd approach to patients with radiating back pain, 

futuree studies should focus on the clinical rele

vancee of a wider range of MRI abnormalities (such 

ass atrophy or edema of muscles or fatty degenera

tionn in the symptomatic region) and identification 

off patient-subgroups. The most important aim in 

thee current work up of patients with radiating back 

painn should be to identify patients in whom MRI 

cann be safely withheld. In the remaining patients, 

thee combined information of clinical examination 

andd imaging should be used to get to more tailor-

madee treatment decisions for specific subgroups. 

Chapterss 5 and 6 discuss the results of a com

parativee study of MRI and spiral CT in patients 

suspectedd of herniated discs. All patients received 

bothh techniques. We hypothesized that state-of-

the-artt spiral CT is a valuable alternative whenever 

MRII iscontraindicated or unavailable. In chapter 5, 

wee report on an unpaired and a paired radiological 

comparison.. In the unpaired evaluation, we com

paredd the interobserver agreement (expressed as 

thee kappa-statistic) of the two techniques. In the 

pairedd comparison, we demonstrated the over

lappingg results and compared the proportions 

off disagreement. Both comparisons revealed 

noo significant difference between CT and MRI in 

thee evaluation of the intervertebral discs. In the 

evaluationn of root compression, however, spiral CT 

yieldedd significantly more interobserver disagree

mentt than MRI. 

Fromm chapter 5 we can conclude that spiral CT is 

ann excellent alternative for MRI in the evaluation 

off lumbar herniated discs. For root compression, 

spirall CT is slightly less reliable. 

Inn chapter 6, we used an alternative measure to 

comparee CT with MRI: 'diagnostic gain'. A neurolo

gistt and a neurosurgeon were asked to record the 

pre-testt probability of a herniated disc by using a 

visuall analogue scale (VAS). After the images were 

disclosed,, they were asked to express the post-test 

probability,, again by using a VAS. The diagnostic 

gainn was defined as the difference between the 

post-testt and the pre-test probability. The analysis 

showedd a significant difference in diagnostic gain 

betweenn a positive test result (visible herniated 

discc on image) and a negative test-result (no her

niatedd disc on the image). On average, the mean 

diagnosticc gain yielded by the MRI was higher than 

byy the spiral CT. From chapter 6 we can conclude 

thatt clinicians appear to attach more value to MRI, 

despitee the absence of a radiological difference 

betweenn MRI and spiral CT in the evaluation of 

herniatedd discs. 

Virtuall colonoscopy in the detection of 

colonicc polyps 

Virtuall colonscopy (VC) is a promising, relatively 

non-invasivee technique that could be important 

inn future mass screening programs for colorectal 

cancer.. Currently, colonoscopy is the best avail

ablee method to detect and remove colonic polyps 

andd can therefore be considered as the gold stan

dardd for this purpose [2-3]. Colonoscopy is not 

infalliblee and most gastroenterologists are aware 

thatt polyps can be missed during colonoscopy 

[4].. In studies evaluating virtual colonoscopy by a 

comparisonn with colonoscopy, the polyp miss by 

thee reference standard might affect the test char

acteristicss of virtual colonoscopy. The purpose of 

chapterr 7 and 8 was to assess the magnitude of 
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thee polyp miss rate of colonoscopy and its impact 

onn the test characteristics of virtual colonoscopy. 

Inn chapter 7 we performed a systematic review 

off studies in which patients underwent a tan-

dem-colonoscopy:: two same-day colonoscopies 

withh polypectomy. Six studies with a total of 465 

patientss could be included. The miss rate was 

expressedd as the number of polyps found during 

thee second examination divided by the total num

berr of polyps found during both examinations. 

Thee miss rate for large polyps {>10mm) was low 

(2.1%).. In smaller polyps the miss rate significantly 

increased,, inversely related to the polyp size: for 

polypss 5-10mm, the miss rate was 13% and for 

diminutivee polyps, the miss rate was 26%, These 

dataa were used in the analysis in chapter 8. 

Inn chapter 8 we investigated the influence of the 

polypp miss rate of the reference standard on the 

testt characteristics of virtual colonoscopy. In addi

tionn to the magnitude of the miss rate, as evaluated 

inn chapter 7, we also needed information on the 

proportionn of polyps that would be missed by both 

opticall and virtual colonoscopy. Because we found 

noo published data on this topic, we performed a 

sensitivityy analysis in which we varied the propor

tionn of patients missed by the colonoscopy as well 

ass by the virtual colonoscopy from 0% to 100%. 

Thiss enabled us to calculate the influence of the 

polypp miss rate in each possible scenario. In pol

ypss >10mm, the low colonoscopic miss rate did 

nott significantly influence the accuracy estimates 

off virtual colonoscopy. In polyps <10mm, the most 

likelyy scenarios showed that polyp miss of the 

referencee standard colonoscopy led to inflated 

estimatess of accuracy of virtual colonoscopy. 

Theree are two outstanding problems in using 

colonoscopyy as the reference standard for vir

tuall colonscopy. First, although several promising 

techniquess to lower polyp miss rate are currently 

investigated,, the colonoscopic technique will 

alwayss be limited to some degree, mainly because 

off its observer dependence. Second, any verifica

tionn procedure is faced with the practical difficulty 

off establishing whether polyps detected by the ref

erencee standard are exactly the same polyps as 

detectedd by the virtual colonoscopy. 

Inn the future use of virtual colonoscopy in clini

call practice, the most important parameter is 

thee patient-based negative predictive value. This 

parameterr represents the probability of safely with

holdingg a patient a full colonoscopic examination. 

Therefore,, it is of great importance to generate 

estimatess of the patient-based negative predic

tivee value that are unbiased and reproducible in 

clinicall practice. Because the evaluation of virtual 

colonscopyy is complicated by awkward localization 

andd matching of multiple lesions, we recommend 

thee use of the integrated approach, discussed in 

chapterr 9, as a basis for future studies. Sources 

off observer variation such as size-measurement 

off polyps, exact localization and matching of pol

ypss should be investigated and reported in more 

detail. . 

Integratingg observer variation in studies evaluat

ingg the diagnostic accuracy of imaging tests 

Ourr clinical examples in this thesis illustrate the 

variouss methodological issues that can compli

catee the evaluation of an imaging test. The main 

problemss we encountered were the presence of 

multiplee lesions within a single patient, diagnostic 

uncertaintyy and the influence of pre-test informa

tionn on image evaluation. The most important 

issue,, however, is the long-standing problem of 

observerr variation, which has a negative influence 

onn the accuracy of an imaging test [5]. Therefore, 
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ideally,, the accuracy of a test would be estimated 

inn an environment without observer disagreement. 

InIn practice, there will be a substantial amount 

off observer disagreement, even more so in the 

evaluationn of new techniques. In that case one 

hass to identify the sources of disagreement, which 

couldd be prevented in future practice or amended 

inn following studies. We also feel there is a need 

forr more consensus on how to express and report 

thee accuracy in case of observer disagreement. In 

chapterr 9, we propose a basic method to increase 

thee efficiency of imaging evaluation studies, based 

onn a thorough analysis of potential sources of 

observerr variation: the integrated design. 

Inn the integrated design a detailed and struc

turedd assessment of the observer variation is the 

keyy principle. Compared with the classic evalua

tionn of imaging tests, a more clinical approach is 

proposed,, by considering radiological evaluation 

ass a lesion-based process and by distinguishing 

detectionn (finding an abnormality compared with 

normall anatomy) from interpretation (quantitative 

orr qualitative). By executing the integrated design 

inn a prospective fashion (observer variation 

beforee comparison with a reference standard), 

potentiallyy solvable sources of disagreement 

comee to light in an earlier phase of the study. A 

secondd important advantage of this approach is 

thatt the integrated design is suitable for patients 

withh multiple lesions. 

Thee majority of radiological studies only report 

observerr variation on a patient-level diagnosis 

whilee using the value of the kappa-statistic to deter

minee whether agreement is acceptable. Not only 

iss valuable information on the amount and causes 

off reader disagreement lost, the kappa statistic 

iss not suited to estimate the impact of observer 

variationn on diagnostic accuracy. Our integrated 

approachh focuses on the clinical consequences 

off observer disagreement, the identification of 

'difficultt cases' and on unambiguous reporting of 

absolutee numbers of disagreements. 

Inn summary, the observer variation and the accu

racyy of a diagnostic imaging test should not be 

analyzedd as separate entities. We believe that 

integratingg both features in future study designs 

ass described in chapter 9 enables a better under

standingg with respect to formulating research 

questions,, data-acquisition, data-analysis, report

ingg and judging the usefulness of imaging tests in 

clinicall practice. 
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Inn dit proefschrift wordt een aantal methodologi

schee vraagstukken besproken op het gebied van 

radiologischee beeldvorming aan de hand van twee 

klinischee voorbeelden: de evaluatie van spiraal CT 

enn MRI bij patient die worden verdacht van een lage 

rugherniaa en de evaluatie van virtuele colonoscopie 

voorr het detecteren van poliepen in de dikke darm. 

Onzee bevindingen tijdens de analyse en rapportage 

vann deze onderwerpen hebben vormden de basis 

voorr het laatste hoofdstuk. In dit hoofdstuk bespre

kenn we een algemeen basaal onderzoeksmodel 

voorr een meer geïntegreerde aanpak van de vari

atiee tussen waarnemers en de evaluatie van de 

accuratessee van radiologische technieken. 

Hett doel van dit proefschrift was om een positieve 

bijdragee te leveren aan de efficiëntie van radiolo

gischh onderzoek en om meer inzicht te krijgen in 

mogelijkee methodologische knelpunten met betrek

kingg tot de opzet, de analyse en de rapportage van 

diagnostischee studies binnen de radiologie. 

Dee titel van dit proefschrift slaat niet alteen op de 

velee dimensies van de moderne radiologie, zoals 

3D-beeldvorming,, afbeelden van subcellulaire, 

pathofysiologischee processen met behulp van 

biomarkerss en de beeldvorming van bewegende 

organenn zoals het hart, maar ook op de veelvoud 

aann mogelijkheden om de grote hoeveelheid diag

nostischee informatie afkomstig van radiologische 

studiess te verzamelen, te interpreteren, te analy

serenn en te rapporteren. 

Hoofdstukk 2 is een inleidend hoofdstuk waarin 

dee meest basale onderzoeksvragen binnen het 

onderzoekk van diagnostische radiologische tech

niekenn geïntroduceerd worden. 

Dee volgende vier hoofdstukken bevatten de resul

tatenn van een groot project met als hoofddoel 

hett herzien en moderniseren van de richtlijn voor 

dee diagnostiek van patiënten die verdacht wor

denn van lage rughernia's met behulp van MRI en 

spiraall CT. Het belangrijkste methodologische pro

bleemm binnen het onderzoek naar deze patiënten 

iss dat er geen referentie standaard bestaat om de 

overeenkomstt met de 'ware' diagnose te bepalen. 

Hierdoorr waren we genoodzaakt om alternatieve 

matenn te gebruiken om de waarde van beide tech

niekenn uit te drukken. 

Inn Hoofdstuk 3 hebben we de interwaarnemer 

variatiee bepaald bij het beoordelen van de MRI met 

enn zonder kennis van klinische informatie. Uit het 

onderzoekk bleek dat de radiologen niet beïnvloed 

warenn door de klinische informatie. Wel bleek dat 

inn 23% van de 352 beoordeelde tussenwervel

schijven,, er een verschil van mening was over of 

dee betreffende tussenwervelschijf afwijkend was 

off normaal. Er was vooral weinig overeenstem

mingg over de kwalificatie 'bulging disc'. Bij het 

beoordelenn van wortel com pressie verschilden de 

radiologenn van mening in 7% van de 352 beoor

deeldee lumbale wortels. 

Hoofdstukk 4 beschrijft de resultaten van een 

onderzoekk naar de correlatie van de resultaten 

vann het neurologisch onderzoek met de MRI. In 

ditt onderzoek diende de MRI as referentie stan

daard.. De einddiagnose werd vastgesteld op 

basiss van consensus tussen twee radiologen. Bij 

meerr dan tweederde van de patiënten bleek dat 

dee symptomen niet exact overeenkwamen met de 

afwijkingenn op de MRI. Dit bemoeilijkt de medi

schee besluitvorming vooral met betrekking tot het 

beslissenn over een eventuele chirurgische behan

delingg bij het merendeel van de patiënten met 

uitstralendee lage rugpijn. 

Inn hoofdstuk 5 en 6 worden de resultaten bespro

kenn van een vergelijkende studie tussen spiraal CT 

enn MRI. Hoofdstuk 5 bevat een ongepaarde ana

lysee waarin de afzonderlijke kappa's (maat voor de 

hoeveelheidd interwaarnemer overeenkomst) wor-
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denn vergeleken en een tweede analyse waarin de 

gepaardee proporties interwaarnemer variatie wordt 

vergeleken.. In beide analyses was er geen verschil 

tussenn spiraal CT en MRI voor wat betreft de beoor

delingg van lumbale hernia's. Wel was er significant 

meerr interwaarnemer variatie bij de beoordeling 

vann wortelcompressie met behulp van spiraal CT. 

Hoofdstukk 6 beschrijft een vergelijking tussen 

spiraall CT en MRI op basis van de diagnostische 

winstt bepaald door de kansschattingen van een 

neuroloogg en een neurochirurg. De diagnostische 

winstt van elke techniek was gedefinieerd als het 

verschill tussen de geschatte kans op de aanwe

zigheidd van een lumbate hernia voor en na het zien 

vann de radiologische beelden. Voor beide clinici 

goldd dat de gemiddelde diagnostische winst van 

dee MRI hoger was dan van de spiraal CT. 

Hoofdstukk 7 is een systematisch literatuur onder

zoekk waarin de hoeveelheid door de colonoscopie 

gemistee dikke darm poliepen wordt samengevat. 

Hett onderzoek maakt gebruik van de gepubliceer

dee artikelen waarin patiënten een zogenaamde 

tandem-colonoscopiee ondergaan. Hierbij krijgen 

patientt op één dag tweemaal een colonoscopie 

onderzoekk met poliepectomie. De 'miss rate' van 

dee colonoscopie wordt in deze studies berekend 

doorr de hoeveelheid poliepen gevonden bij het 

tweedee onderzoek te delen door de totale hoe

veelheidd poliepen. Uit onze analyse blijkt dat de 

misss rate van poliepen van lOmm of groter gering 

is,, maar dat er een substantiële stijging is van de 

misss rate naarmate de poliepen kleiner worden. 

Inn hoofdstuk 8 worden de gegevens van de het 

literatuuronderzoekk in hoofdstuk 7. Het is bekend 

datt het gebruik van een gelimiteerde referentie 

standaardd kan leiden tot overschatting van detest-

eigenschappenn van de test die geëvalueerd wordt. 

Omm te onderzoeken welke mate van invloed de miss 

ratee van de referentie standaard heeft op de testei-

genschappenn van de virtuele colonoscopie hebben 

wee een studie opgezet waarin alle mogelijke sce

nario'ss van misclassificatie werden gesimuleerd. 

Inn de meest waarschijnlijke scenario's blijkt dat 

dee sensitiviteit, de negatief predictieve waarde 

enn de diagnostische odds ratio van de virtuele 

colonscopiee werden overschat als gevolg van het 

missenn van poliepen door de referentie standaard 

colonoscopie.. De grootte van het effect was afhan

kelijkk van de hoeveelheid gemiste poliepen. 

Hoofdstukk 9 is een methodologisch artikel 

waarinn we een geïntegreerde aanpak van tus

senwaarnemerr variatie en accuratesse metingen 

inn radiologische studies voorstellen. Het arti

kell is gebaseerd op onze waarneming dat in de 

meestee radiologische studies de interwaarnemer 

variatiee en de accuratesse gezien worden als 

apartee entiteiten. Deze twee testparameters zijn 

echterr nauw met elkaar verbonden omdat variatie 

tussenn waarnemers een negatief effect heeft op 

dee accuratesse van een test. Het kernpunt van het 

'geïntegreerdee studie design' zoals beschreven 

inn hoofdstuk 9 is een gedetailleerde en gestruc

tureerdee beoordeling van de interwaarnemer 

variatiee waarin een onderscheid wordt gemaakt 

tussenn 'detectie' en 'interpretatie' van alle afzon

derlijkee afwijkingen. Door het toepassen van het 

geïntegreerdee design kunnen mogelijk oplosbare 

oorzakenn van variatie tussen waarnemers in een 

eerderr stadium worden aangetoond. Wij denken 

datt het integreren van tussenwaarnemer vari

atiee en accuratesse in toekomstige radiologische 

studiess kan bijdragen aan het formuleren van dui

delijkerr vraagstellingen en meer efficiënte data 

verzameling,, analyse en rapportage. 
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