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Change in diagnostic confidence brought about by using in utero MR 1 

imaging for fetal structural brain pathology: Analysis of the MERIDIAN 2 

cohort 3 

 4 

Introduction 5 

The ‘Magnetic Resonance imaging to enhance the diagnosis of fetal developmental brain 6 

abnormalities in utero’ (MERIDIAN) study is a multi-centre, prospective cohort study 7 

designed to evaluate the diagnostic and clinical impact of in utero MR (iuMR) imaging of 8 

fetal brain abnormalities1. The synoptic overview of the MERIDIAN results has been 9 

reported elsewhere2 and describes improvements in diagnostic accuracy (at least 22%) when 10 

iuMR is included in the diagnostic pathway of fetuses with suspected brain abnormalities 11 

recognised on ultrasonography (USS). Diagnostic changes were accompanied by major 12 

changes in counselling of pregnant women and changes in management.   13 

A further facet of diagnostic impact, diagnostic confidence, was analysed on a descriptive 14 

level in the earlier paper and showed encouraging results, with an overall increase in 15 

diagnoses made with high confidence by 13% on iuMR compared with USS2. There was a 16 

3.5-fold reduction of incorrect diagnoses made with high confidence on iuMR compared with 17 

USS and a 2.5-fold reduction of correct diagnoses made with low confidence on iuMR.  18 

In this paper we perform additional analyses on the MERIDIAN cohort to assess whether 19 

improvement in diagnostic accuracy was matched by an increase in diagnostic confidence.  20 

The cohort was analysed on an individual case basis by three assessments;  21 

a) conventional uncorrected (C2-C1%)  22 

b) conventional (C2-C1%) with the ‘Omary correction’3 23 



c) score-based weighted average method described by Ng and Palmer4,5.  24 

 25 

We discuss the relative merits and disadvantages of each technique, including an attempt to 26 

provide definitive conclusions about the contribution of iuMR to diagnostic confidence in this 27 

field. 28 

 29 

Materials and Methods 30 

Ethics  31 

MERIDIAN was performed in accordance with the Medicines for Human Use (Clinical 32 

Trials) Regulations 2004 through adherence to the University of Sheffield Clinical Trials 33 

Research Unit’s (CTRU) standard operating procedures. Ethics approval was obtained for a 34 

multi-centre prospective study and written informed consent obtained from all participants 35 

prior to entering the study. 36 

The primary results of MERIDIAN have been presented elsewhere2. In this paper we provide 37 

a detailed assessment of the changes in diagnostic confidence on that same cohort.    38 

 39 

Patient Characteristics 40 

Participants were recruited between July 2011 and August 2014. The full recruitment process 41 

and numbers of recruits are described in the earlier paper2 but summarised here. Inclusion 42 

criteria were – pregnant women aged ≥16 years whose fetus had any form of brain 43 

abnormality detected by USS at a gestational age of ≥18 weeks, had no contraindications to 44 

iuMR and consented to the study. Recruitment was based on consecutive selection from 16 45 

fetal medicine (FM) units in the UK with a referral base of 28 million people.  46 

We needed to collect 504 fetuses with complete outcome reference diagnoses (ORD) who 47 

had their iuMR study within 2 weeks of the USS based on the power calculation underlying 48 



the entire study2.  The ORD used in the study was the results of autopsy in cases of 49 

termination of pregnancy or spontaneous fetal loss, or the results of clinical neuroimaging 50 

performed within the first 6 months of life. As shown in Table 1, we aimed to perform iuMR 51 

studies on 720 fetuses with abnormal brain examinations on USS allowing for attrition and 52 

predictions of incomplete ORD sets. In practice, we performed iuMR on the 570 fetuses who 53 

had ORD and had their iuMR study within 2 weeks of the USS examination.  Those fetuses 54 

are the basis of the studies reported in this paper. 55 

 56 

Imaging studies 57 

No specific requirements were made for the USS technique but all of the USS studies were 58 

performed by appropriately trained FM consultants working in the UK National Health 59 

Service (NHS). Each fetal brain abnormality recognised on USS was recorded in a tabulated 60 

fashion using nomenclature from the “ViewPoint” antenatal ultrasound reporting software 61 

(GE Healthcare, Chalfont St Giles UK). The FM consultants were also asked to record their 62 

certainty of diagnosis for each brain abnormality using a five-point Likert scale6. The 63 

descriptions and attributed percentages of diagnostic confidence are: ‘Very unsure’ - 10% 64 

certain, ‘Unsure’ – 30% certain, ‘Equivocal’ – 50% certain, ‘Confident’ – 70% certain, and 65 

‘Highly confident’ – 90% certain.  Some of the subsequent analyses require binary 66 

descriptions of confidence and in those situations 10%, 30% and 50% certainties are 67 

described as ‘low confidence’ and 70% and 90% certainties as ‘high confidence’.    68 

 69 

Following prenatal USS, participants underwent iuMR at one of six sites2. IuMR 70 

examinations were performed at 1·5T but it was not possible to match protocols exactly 71 

across the sites because different manufacturers’ MR systems were used. The absolute 72 

requirement was to obtain T2-weighted images of the fetal brain in the three orthogonal 73 



planes using the best ultrafast method available (maximum slice thickness 5mm) and a T1-74 

weighted ultrafast sequence in at least one plane (usually axial).  The reporting radiologist 75 

was aware of the diagnoses and certainty made by the USS expert before the iuMR study was 76 

performed and had access to the clinical USS report. The radiologist was required to 77 

comment on each diagnosis made on USS, using ‘diagnosis excluded’ if they disagreed with 78 

an USS finding. Extra anatomical diagnoses were added where appropriate. Each diagnosis 79 

was accompanied by a confidence rating using the same Likert scale as the USS assessment. 80 

The ‘diagnosis excluded’ option was attributed a 90% certainty.    81 

 82 

Data Handling and analysis 83 

The assessment of diagnostic confidence used in this report is based on the ‘dominant 84 

diagnosis’.  In cases where there was only one anatomical/pathological diagnosis this was 85 

straightforward but in cases with more than one diagnosis the independent panels defined the 86 

‘dominant diagnosis’ as the one most likely to influence prognosis.  For the a) conventional 87 

uncorrected C2-C1% and b) conventional C2-C1% with Omary correction analyses, described 88 

below the only data required for assessment of diagnostic confidence was the Likert-based 89 

percentage certainties from USS and iuMR.  90 

 91 

As described below, however, the c) score-based weighted average analysis requires 92 

information derived from ORD, which was obtained from the Multidisciplinary Independent 93 

Expert Panel (MIEP). The full role of the MIEP is described elsewhere2, but in summary, the 94 

MIEP consisted of three NHS consultants (neuroradiology, fetal medicine, paediatric 95 

neurology) from a single centre that did not recruit into MERIDIAN. The panel were given 96 

tabulated diagnostic results for each fetus and were blinded to whether it was an USS or an 97 

iuMR report. They were asked whether each report agreed with the ORD completely and, 98 



where USS and iuMR disagreed, which one indicated the more severe pathology.  The results 99 

were subsequently unblinded by staff at Sheffield CTRU. In 7% of cases the MIEP required 100 

more information and had access to the full clinical reports and imaging, if necessary, at 101 

which point blinding was no longer possible. 102 

 103 

Diagnostic confidence tests 104 

a) Conventional uncorrected C2-C1% 105 

The pre-test confidence (confidence on USS = C1%) was subtracted from the post-test 106 

confidence (confidence on iuMR = C2%), therefore (C2-C1)%. In accordance with the 107 

technique of Ng and Palmer4,5 the difference was converted to an integer based on the 108 

difference in the number of 20% intervals to allow direct comparison with the results of the 109 

‘score-based weighted average’ analysis described below. For example, if a diagnosis of 110 

agenesis of the corpus callosum (ACC) was made with 50% confidence on USS and the same 111 

diagnosis was made on iuMR with 90% certainty; C2-C1% = 90-50% = +40% which was 112 

converted to a score of +2. As such, the integer scores ranged from -4 to +4. Positive values 113 

indicate more confident diagnoses made by iuMR, negative values indicate more confident 114 

diagnoses made by USS, and zero indicating no difference.  115 

 116 

b) Conventional C2-C1% with Omary correction 117 

This analysis used the same method as above but applied the ‘Omary correction’3, which is 118 

applied in the following situation only;  119 

i. The pre-test confidence (USS) is high (70% or 90%)   AND 120 

ii.  There is a change in diagnosis post-test  121 

That is, the USS and iuMR reports disagree and in those circumstances the change in 122 

diagnostic confidence is calculated as (C2-[100-C1])% but the results are otherwise handled in 123 



the same way as the uncorrected conventional data. For example, if a diagnosis of ACC was 124 

made with 90% confidence on USS and a diagnosis of holoprosencephaly made on iuMR 125 

with 90% confidence the Omary corrected score is  (C2-[100-C1])% = 90-10% = 80% = +4). 126 

In any cases where the criteria for the Omary correction are not met then the conventional 127 

uncorrected score is unchanged.  The rationale for applying the Omary correction and its 128 

implications are described in the discussion.   129 

 130 

c) Score-based weighted average analysis 131 

There are well described limitations in both the Conventional and Omary corrected analyses 132 

because those methods do not require confirmation that the diagnoses were either correct or 133 

incorrect (i.e. no ORD required). The cases described in this paper did have ORD so we are 134 

able to use the ‘score-based weighted average’ method described by Ng and Palmer4,5. This 135 

approach uses not only diagnostic confidence assessments but also indicators of diagnostic 136 

accuracy as supplied by the MIEP namely: was the overall diagnosis correct for iuMR, was 137 

the overall diagnosis correct for USS, and which described the most severe pathology. This 138 

aspect was combined with a binary assessment of diagnostic confidence as either ‘high’ or 139 

‘low’ as described above.  An algorithm modified from Ng and Palmer (Figure 1) was used to 140 

define a route label for each case and derive a route score ranging from -4 to +4. Zero 141 

indicated no change in ‘appropriate’ confidence, whilst positive values indicate a benefit 142 

arising from the introduction of iuMR and negatives indicate iuMR had a detrimental effect 143 

on confidence, the larger the number the greater the effect. For example, if USS described 144 

ventriculomegaly (VM) with high confidence as the only finding but iuMR diagnosed ACC 145 

with high confidence the ‘score-based weighted average’ result will depend on the ORD. If 146 

ACC was confirmed, the route label would be A1 with route score +4, whereas if VM was 147 

the ORD the route label E5 gives a route score of -3. This is based on the presumption that 148 



the new test (iuMR) is correct. 149 

For all three types of analyses the frequency of each integer score was plotted as a bar chart 150 

and described in terms of the number of cases in which iuMR reported with greater 151 

confidence (positive scores) and the number of cases with reduced confidence (negative 152 

scores). The mean and standard deviation of the score and 95% confidence intervals were 153 

calculated and one sample t-tests were carried out to test the hypothesis that the expected 154 

calculated scores were zero. 155 

156 



Results 157 

a) Conventional uncorrected C2-C1% 158 

A bar chart of the frequency versus score of the data analyzed by the conventional 159 

uncorrected C2-C1% method in 570 fetuses is shown in Figure 2a. A difference in confidence 160 

levels of the dominant diagnosis of any degree was present in 42% of cases, among which the 161 

majority were made with greater confidence following iuMR (32%) rather than USS (10%). 162 

The mean difference in confidence on the ordinal -4 to +4 scale was +0·44 in favor of iuMR 163 

(95% CI 0.35 to 0.54, p<0·0001; see Table 2). 164 

 165 

b) Conventional C2-C1% with Omary correction 166 

The criteria for the Omary correction were met in 98/570 cases. A bar chart of the frequency 167 

versus score data analyzed by the conventional C2-C1% with Omary correction method in 570 168 

fetuses is shown in Figure 2b.  A difference in confidence levels of the dominant diagnosis of 169 

any degree was present in 52% of all cases, 47% were more confident on iuMR and 5% more 170 

confident on USS. The mean difference in confidence was +1·10 in favor of iuMR (95%CI 171 

0.98 to 1.25, p<0·0001; see Table 2). 172 

 173 

c) Score-based weighted average analysis 174 

The route labels for the 570 cases included in this study are presented in Table 3.  A 175 

histogram of the frequency versus score data analyzed by the ‘score-based weighted average’ 176 

method is shown in Figure 2c.  A difference in confidence levels of the dominant diagnosis of 177 

any degree was present in 38% of all cases and the score was positive in 31% (indicating that 178 

an appropriate increase in diagnostic confidence for iuMR) and negative in 7%).  The mean 179 

difference in confidence was +0·75 (95% CI 0.63 to 0.87, p<0·0001; see Table 2). 180 

181 



Discussion 182 

There are several ways to assess the diagnostic impact of a new imaging method or new 183 

application of an existing method but diagnostic accuracy and confidence are central to that 184 

process. Our previous report on diagnostic accuracy of iuMR identifying fetal brain 185 

pathology demonstrated improvements of at least 22% over USS to 92·4% for fetuses 186 

scanned between 18-23 weeks gestation and to 93·5% for fetuses >23 weeks gestation. This, 187 

together with the encouraging findings of previous systematic reviews and meta-analyses7-10, 188 

suggests that iuMR increases the accuracy of fetal brain diagnoses compared to USS alone. 189 

Whilst some of these systematic reviews and meta-analyses have their limitations, such as a 190 

lack of outcome reference data and reporting of the time difference between the examinations 191 

the MERIDIAN study was able to overcome these as it was a prospective study designed to 192 

address these limitations. Despite the difference in methods between the reviews and our 193 

study, all conclude this similar finding; therefore adding weight to the evidence base. 194 

 The relevance of diagnostic accuracy in assessing an imaging technology is self-evident but 195 

the importance of the diagnostic confidence in imaging examinations is often overlooked and 196 

less well studied. Our previous paper provided a simplified descriptive report of changes in 197 

diagnostic confidence which, whilst encouraging, required a more robust analysis provided in 198 

this paper2. 199 

 200 

All three assessments of diagnostic confidence presented here show statistically significant, 201 

positive effects of including iuMR in the diagnostic pathway of assessing the fetus suspected 202 

of having a structural brain abnormality. However, there are a number of limitations to the 203 

methodologies used herein. Firstly the conventional uncorrected method of assessing 204 

diagnostic (C2-C1%) is a simple approach but has disadvantages when the diagnoses made on 205 

USS and iuMR are in conflict as occurred in over 25% of MERIDIAN cases2. For example, if 206 



a diagnosis of isolated VM is made on USS with 90% confidence but the iuMR report is 207 

‘ACC’ with 90% confidence - the conventional (C2-C1%) analysis gives 0 - no change in 208 

confidence. This overlooks the discrepancy in information given to the woman and the 209 

potential (major) impact on outcome. This is an inevitable result of any analysis that does not 210 

use ORD.  Furthermore, the conventional (C2-C1%) data will tend to underestimate the value 211 

of the post-test method (iuMR) if it is more accurate than the pre-test method (USS) and the 212 

degree of underestimation is closely related to the difference in diagnostic accuracy between 213 

the two methods.  There were over 22% more correct diagnoses on iuMR compared with 214 

USS in our studies which will lead to a major underestimation of improved diagnostic 215 

confidence. 216 

 217 

Secondly the Omary correction attempts to counteract the tendency to underestimate 218 

improved confidence by the conventional uncorrected (C2-C1%) analysis. It is applied only 219 

when a high confidence diagnosis (70% or 90%) is made on the pre-test method (USS) and 220 

that diagnosis does not agree with the post-test (iuMR) diagnosis. Extending the example 221 

from the previous paragraph, the calculation using this correction would be (90-[100-90]) = 222 

80% or +4, the highest score possible in favour of iuMR. This better reflects the diagnostic 223 

difference but the assumption that underlies the Omary correction is that the post-test 224 

diagnosis (iuMR) is correct. This may be spurious because, again, ORD is not used to 225 

confirm this. The closer the diagnostic accuracy of the post-test (iuMR) is to 100% the more 226 

appropriate this correction becomes. Our data demonstrates that the overall diagnostic 227 

accuracy of iuMR at 18-23 weeks was approximately 92%; therefore analysis using this 228 

correction will overestimate the value of iuMR. The data from MERIDIAN shows sizable 229 

differences in the degree of improved confidence between the conventional analysis and the 230 

Omary corrected data consistent with these concerns. 231 



Ng and Palmer4,5 make the case that errors will inevitably occur unless ORD is used and their 232 

major concerns relate to: 233 

a) An appreciation that diagnoses made on the new test (iuMR) can be incorrect, 234 

even if made with high confidence.  235 

b) The consequences of incorrect diagnoses are variable.  236 

c) The introduction of a new test may have detrimental effects on patient 237 

management.   238 

They suggest that the ‘score-based weighted average’ reflects a change in ‘appropriate’ 239 

diagnostic confidence, positive scores indicating improved ‘appropriate’ diagnostic 240 

confidence and negative scores indicating  deleterious effects on diagnostic confidence. The 241 

algorithm shown in Figure 1 indicates that there are a number of ways iuMR could have 242 

deleterious effects on assessment (negative scores), such as;  243 

a) iuMR reports the same, ultimately correct diagnosis with low confidence whilst 244 

USS reported the correct pathology with high confidence (route label B5 – route 245 

score -1). The implication being that doubt has been placed on the pre-existing 246 

high confidence diagnosis that may influence counselling or management. 247 

b) iuMR makes an incorrect diagnosis with high confidence (most of the E and F 248 

route labels – route score ranging from -1 to -4). 249 

c) iuMR makes an incorrect diagnosis with low confidence (most of the C and D 250 

route labels – route score ranging from -1 to -3). 251 

 252 

In contrast, iuMR studies will receive positive scores in situations such as; 253 

a) iuMR makes a correct diagnosis with high confidence that USS got wrong (Route 254 

labels A1-A4 – route score +2 to +4) 255 



b) iuMR makes a correct diagnosis with high confidence that USS made with low 256 

confidence (Route labels A6 – route score +1) 257 

c) iuMR makes a correct diagnosis with low confidence that USS got wrong (Route 258 

labels B1-B4 – route score +1 to +3) 259 

 260 

One major advantage of this method is the ability to present large amount of complex data in 261 

a relatively accessible fashion and it is likely to represent the most accurate method of 262 

presenting true changes in diagnostic accuracy. Application of this method to the 263 

MERIDIAN data shows statistically significant improvements of diagnostic confidence. 264 

 265 

In this paper we have used the ‘score-based weighted average’ method only to assess and 266 

describe the entire MERIDIAN cohort, it can also be conveniently used to evaluate subgroups 267 

in order to provide targeted information. For example subsequent analysis will evaluate the 268 

role of iuMR in the three commonest anatomical subgroups that were referred into the 269 

MERIDIAN study, namely isolated VM, ACC and abnormalities of the posterior fossa. In 270 

addition, the ‘score-based weighted average’ method provides opportunities to study the 271 

possible effect of experience of the radiological reports in relation to appropriate increases in 272 

diagnostic confidence. 273 

 274 

In conclusion, we have presented three analyses of change in diagnostic confidence on an 275 

individual case basis, all of which show major improvements when iuMR is included in the 276 

diagnostic pathway. We have described the relative strengths and weaknesses of the methods 277 

used but we believe that the ‘score-based weighted average’ method has considerable 278 

advantages and should be used as part of any assessment of diagnostic confidence in studies 279 

when ORD is available’. 280 
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Figures and Table Legends 313 

Figure 1. The algorithm used to provide the score-based weighted average data used to assess 314 

changes in appropriate confidence (modified from Ng and Palmer4). 315 

 316 

Figure 2. Assessments of change in diagnostic confidence between USS and iuMR reports 317 

using three methods; a) Conventional uncorrected C2-C1% method, b) Conventional C2-C1% 318 

with Omary correction, and c) score-based weighted average method. 319 

 320 

Table 1. Predicted and actual recruitment numbers of fetuses into the MERIDIAN study. The 321 

three analyses of diagnostic confidence reported in this paper are based on the 570 fetuses 322 

who had the iuMR performed within 2 weeks of USS and had complete outcome reference 323 

data. 324 

 325 

Table 2. Changes in diagnostic confidence using the route score method in the first row and 326 

differences in confidence of diagnoses with and without Omary correction in the second and 327 

third rows respectively 328 

 329 

Table 3.  Frequencies of each Route Label and their relevant Route Score 330 

 331 
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