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Summary 

Purpose: Diagnostic errors often cause patient harm, due to delayed, incorrect or missed diagnoses. It 

is likely that radiologists’ contribution is substantial, because diagnoses are often based on medical 

imaging. Discrepancy is a proper term to use, whenever talking about supposed errors or observer 

variation in radiology. The aim of this study is to analyse all neuroradiological (head and neck) 

discrepancies in order to study the current seriousness of discrepancies. The second aim of this study is 

to analyse neuroradiological discrepancies made by supervised or unsupervised radiology residents, to 

identify patterns for improvement and educational opportunities to reduce future discrepancies. 

Methods: This retrospective quantitative descriptive study analysed 214 neuroradiological discrepancies 

out of 61,246 neuroradiological imaging studies and 88 neuroradiological discrepancies made by 

radiology residents out of 17,385 neuroradiological imaging studies assessed and reported by radiology 

residents. The Dutch ZiekenhuisGroep Twente gathered data for this study, between 1 April 2017 and 

5 March 2019. This study was divided in two parts; part one focussed on all neuroradiological 

discrepancies and part two focussed on neuroradiological discrepancies made by radiology residents. 

Part 1: Subgroup analysis was performed, based on the variable discrepancy made by. Part 2: Subgroup 

analysis was performed, based on the variable supervision. Both parts included variables like setting and 

imaging modality and used the Chi-square for independence test, the Fisher’s exact test, the Fisher-

Freeman-Halton exact test and the Independent-Samples Median Test. 

Results: Part 1: The overall discrepancy rate of all neuroradiological discrepancies is 0.35% (214). Most 

discrepancies are made by radiology residents (88; 41.1%). The number of discrepancies in CT-scans is 

significantly lower and the number of discrepancies in MRI-scans is significantly higher, for 

neuroradiologists and radiologists with a neuro subspecialisation. Neuroradiologist cause significantly 

more discrepancies in the morning and less in the evening/ night. Radiologists with a neuro 

subspecialisation cause significantly less discrepancies in the evening/ night. Radiology residents cause 

significantly less discrepancies in MRI-scans. Also, radiology residents cause significantly more 

discrepancies in the evening/ night. Part 2: The overall discrepancy rate of radiology residents is 0.5% 

(88). Discrepancies occur often without supervision (57; 64,8%) but also with supervision (31; 35.2%). 

Discrepancy rates are high in MRI-scans (13; 0.73%), the emergency (58; 0.54%) and outpatient setting 

(20; 0.64%). When causing discrepancies, unsupervised radiology residents are significantly further in 

their study (four years and two months) than supervised radiology residents (one year and 11 months). 

Conclusion: Radiology residents cause most discrepancies. Further research must confirm whether the 

supervision and competence levels of the Dutch radiology training plan (CORONA) offer improvement 

and educational opportunities, for radiological departments and national guidelines.  
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1 Introduction 

Diagnostic errors often cause patient harm, due to delayed, incorrect or missed diagnoses. It is likely 

that radiologists’ contribution is substantial, because diagnoses are often based on medical imaging [1, 

2]. Errors might increase morbidity, mortality and length of hospital stay [3-5]. One billion radiological 

studies are performed worldwide annually with a 4% error rate, that would result in forty million 

radiological errors annually [1, 6, 7]. Zooming in on neuroradiological (head and neck) errors made by 

radiology residents shows overall error rates between 2.0 to 2.7% and significant error rates between 

1.7% and 8.6% [8-11]. The overall error rate of radiology residents in an emergency setting was 3.3% 

[12]. Most significant errors were made by second-year radiology residents [10]. This study focusses on 

neuroradiological (head and neck) discrepancies, which will be referred to as neuroradiology as it is a 

common term in literature [13-16].  

There is a difference between diagnostic error and observer variation. True ‘errors’ occur whenever the 

consensus of a radiologists’ peers is substantially different from the discrepancy and there is no 

disagreement possible about the correct interpretation [1, 6, 7]. Variance is not a real ‘error’, it occurs 

whenever the correct interpretation is subject to a legitimate difference of opinion [7, 17]. Besides, 

decision-making in radiology is often not based on clear clinical presentations and imaging does not 

always show the diagnostic appearances of particular diagnoses. There is not one sensitivity and 

specificity degree for MRI-scans, CT-scans and X-rays, because it depends on the disease [18, 19]. So, 

it is impossible to say how often diseases are not shown. True errors, variance and unclear clinical 

presentations make it impossible to have clear distinctions between normal and abnormal imaging [7, 

17, 20]. Therefore, the interpretation of radiologists is very important and with a high risk of variance. 

Discrepancy is a proper term to use, whenever talking about supposed errors or observer variation in 

radiology [6].  

Dutch radiology residents follow a training program of five years, to become a general radiologist. 

Thereafter, they can become a fellow radiologist, in which they specialise themselves in two years in 

for example neuroradiology. During the five years training program, radiology residents are supervised 

based on competence levels of the Dutch radiology training plan (CORONA). Radiology residents are 

not allowed to assess and report imaging independently (competence level 1) or unsupervised 

(competence level 2). Thereafter, radiology residents can assess imaging independently and receive 

limited supervision of which the initiative lies with radiology residents (competence level 3), radiology 

residents work independently but can ask for help (competence level 4) or radiology residents supervise 

others (competence level 5). These competence levels only apply in the Netherlands and radiologists 

determine the competence level of a radiology resident [21]. Rules regarding supervision of radiology 

residents are determined independently and individually by each country. 
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The average number of imaging that a radiologist must interpret per minute on an uninterrupted eight 

hours working day, has increased between 1999 and 2010 with almost a sevenfold per radiologist for 

CT-scans and a fourfold for MRI-scans [7, 22]. This trend might negatively influence the number of 

false positive or false negative discrepancies, since radiologists might take less breaks and experience 

increased stress and fatigue [7, 22, 23].  

Radiological discrepancies can be due to multiple causes, like inadequate, incorrect or incomplete 

clinical information, different opinions of radiologists, cognitive biases, system failure, failure of 

attention, under reading, faulty reasoning etcetera [1, 4, 7, 17, 20, 24]. In order to prevent 

neuroradiological discrepancies, layers of defence are installed by radiology departments to offer 

protection against risks (appendix 1). However, holes in this defence expose risks and eventually cause 

a discrepancy that influences the quality of care negatively [25, 26]. Studies showed that between 60% 

and 80% of all radiology discrepancies are perceptual discrepancies, which are due to scanning, decision 

or recognition errors [1, 20, 27, 28]. “To err is human”, but we should prevent them as much as possible 

[29]. Therefore, the Dutch healthcare inspectorate advised in 2016 to implement a discrepancy 

registration, to get insight in the current performances of radiology departments and to improve 

diagnostic care [30]. A discrepancy registration could help to determine minimum radiological quality 

standards and improvement opportunities for diagnostic care [3, 6]. 

American studies pointed out that neuroradiologists do not perform significantly better compared to 

unspecialised radiologists [5, 31]. Other American studies pointed out that radiologists do not perform 

more accurate than radiology residents, if they assess imaging outside their specialisation (like 

neuroradiology) [32]. Besides, radiology residents cause the most discrepancies in their second-year 

[10]. A study from Israel found that radiology residents cause more discrepancies in the emergency 

setting  [13, 33].  

Neuroradiological discrepancies have been studied in America but those studies are scarce in Europe 

and not yet performed in the Netherlands. It is scientifically relevant to study this topic as well in Europe, 

specifically in the Netherlands, because it enables us to compare performances of European countries 

with American countries. This would allow us to learn from each other and try to prevent discrepancies 

from happening again [13, 25].  

The aim of this study is to analyse all neuroradiological discrepancies in order to study the current 

seriousness of discrepancies. The second aim of this study is to analyse neuroradiological discrepancies 

made by supervised or unsupervised radiology residents, to identify patterns for improvement and 

educational opportunities to reduce future discrepancies. 
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2 Methods 

This chapter will discuss the study design, the dataset and the data analysis that were used 

during this study.  

2.1 Study design 

This retrospective quantitative descriptive study analysed 214 neuroradiological discrepancies made by 

radiologists and radiology residents in ZiekenhuisGroep Twente (ZGT). ZGT is a regional hospital 

located in the cities Hengelo and Almelo in the East of the Netherlands and facilitates prevention, 

diagnosis, treatment and nursing to stimulate approximately 250,000 patient’s health annually. 

Radiology residents are trained in ZGT.  

2.2 The dataset  

ZGT implemented a discrepancy registration system in April 2017 and discrepancies in this study were 

discovered between April 2017 and March 2019. Included neuroradiological discrepancies were based 

on imaging from 1 January 2012 till 5 March 2019. The starting point of 2012 was chosen, because 

radiologists work since then based on their (neuro-) specialisation. The radiology department works with 

the JiveX Picture Archiving and Communication System (PACS) of Alphatron Medical, to assess and 

report imaging and to detect and registrate discrepancies.  

Data has been made anonymously, therefore patients or reporting radiologist could not be identified and 

informed consent was not necessary. This study consisted of two parts. Part one provided an overview 

of information, based on all neuroradiological discrepancies made by radiologists and radiology 

residents. The variable of interest, discrepancy made by, was coded based on the scheduling and number 

of neuroradiological imaging assessed and reported by a specific radiologist between April 2017 and 

March 2019. The official Dutch classification of registered neuroradiologist and subspecialist were not 

used in this study, because training qualifications were different during the education period of older 

radiologists and it would underestimate their qualities nowadays. Recoding based on the output of 

radiologists is therefore more representative. Neuroradiologists assessed and reported ≥10% of all 

16,246 neuroradiological imaging, radiologists with a neuro subspecialisation ≥2% and radiologists with 

another specialisation <2%. The fourth category included radiology residents, who registered 

discrepancies made by other radiology residents. Part two of this study focussed on the discrepancies 

made by radiology residents, to investigate whether this subgroup showed certain patterns that offer 

educational opportunities. The focus of interest, supervision, was coded as supervised or unsupervised, 

which was noted per imaging. Supervised radiology residents are corrected whenever their interpretation 

is incorrect, according to their supervisor during that shift. Discrepancies among supervised radiology 

residents indicated that both the radiology resident and the supervisor interpreted the imaging 
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‘incorrect’. Unsupervised radiology residents are responsible to ask for help if they doubt their own 

judgement capabilities on certain imaging [21]. 

This study included the independent variables; discrepancy author, setting, imaging modality, 

discrepancy discovered by, time of assessing/ reporting imaging, supervised by, discrepancy 

classification, clinical relevance, training progress radiology residents (years; months) and discrepancy 

discovery duration (days). The variable discrepancy author described whether discrepancies were 

discovered by neuroradiologists, radiologists with a neuro subspecialisation, radiologists with another 

specialisation or radiology residents. The coding was based on the variable discrepancy made by. The 

variable setting describes whether patients were referred to the radiology department from an emergency 

setting, outpatient setting, inpatient setting or by a general practitioner. The variable imaging modality 

was recoded based on the main neuroradiological modalities in ZGT; CT-scan, MRI-scan and X-ray. If 

the results encourage to analyse in more detail, it is possible to create new variables based on for example 

the focus of a CT-scan. The variable discrepancy discovered by showed how a discrepancy was found; 

a second assessment of a radiologist, repeating the research, new advanced research or by the 

assessment of a non-radiologist. The variable time of assessing/ reporting imaging showed whether a 

discrepancy was made in the morning (6:00 – 12:00 h), afternoon (12:00 – 18:00 h) or evening/ night 

(18:00 – 6:00 h). The variable supervised by used the same three categories as the variable discrepancy 

made by, only the fourth category included for this variable all discrepancies without supervision. The 

variable discrepancy classification categorized causes of discrepancies in basically three classification 

types; cognition/ interpretation discrepancies, perceptual/ observation discrepancies and system related 

discrepancies [1, 4, 13]. Cognition/ interpretation discrepancies relate to different types of cognitive 

bias, like framing and satisfaction of search bias [25, 34]. Perception/ observation discrepancies relate 

to the interaction between the imaging and the radiologist and are often due to scanning, decision or 

recognition error [4, 20, 27, 35]. System discrepancies relate to technical or equipment failure, mental 

or physical fatigue, workplace distractions, procedures and policies [4, 25, 27]. The variable clinical 

relevance was based on the worldwide used RADPEER® scoring system and scored by radiologists of 

ZGT, prior to this study. The categories within the RADPEER® scoring system are based on the 

accuracy of a radiologists’ interpretation, with one concurrence score and three different disagreements 

scores [17, 36-39]. Those four categories were recoded into two categories, no/ low clinical relevance 

and significant/ severe clinical relevance, in order to create proper category sizes. No/low clinical 

relevance implied no clinical relevance, or clinical relevance but without a necessary treatment 

adjustment. Significant/ severe clinical relevance implied a necessary treatment adjustment or a 

necessary treatment adjustment and a different definitive outcome for patients.  
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2.3 Data analysis  

Part 1 of this study provided an overview of all neuroradiological discrepancies, including subgroup 

analysis for the dependent variable discrepancy made by. This was done in order to study the current 

situation of neuroradiological discrepancies. Part 2 studied the neuroradiological discrepancies made by 

radiology residents, including subgroup analysis for the dependent variable supervision. This was done 

to investigate the radiology resident discrepancies and the role of supervision more detailed. Besides, 

the overall discrepancy ratio and the ratio between the number of discrepancies and the variables 

discrepancy made by and imaging modality will be shown in part 1, to represent the current seriousness 

of discrepancies. Part 2 included the overall discrepancy ratio and the ratio between the number of 

discrepancies made by radiology residents and the variables imaging modality and setting. Part 1 did not 

include the variables supervision, supervised by and training progress radiology residents (years; 

months). 

The Chi-square test for independence was used to perform subgroup analysis on the categorical 

variables. The Fisher’s exact test (2x2 table) and the Fisher-Freeman-Halton exact test (tables larger 

than 2x2) were used, if the assumption minimum expected cell frequency was violated. The phi 

coefficient (2x2 table) and Cramer’s V (tables larger than 2x2) were used to test the effect size of 

significant results. The Independent-Samples Median Test was used to perform subgroup analysis for 

continuous variables. Two sided p values were used and a p < 0.05 indicated statistically significant 

results [40]. Recoding and analysis have been done with Excel 2016 and Statistical Package for Social 

Sciences (SPSS) version 25. Improvement recommendations were made, if significant results urged to 

intervene.   
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3 Results 

This chapter describes the results for part 1 and part 2 of this study.  

3.1 Results part 1  

A total of 61,246 neuroradiological imaging studies were performed and 214 neuroradiological 

discrepancies were found, between April 2017 and March 2019. This results in a 0.35% (214) overall 

discrepancy rate and an 0.15% (93) significant/ severe discrepancy rate. Of all 61,246 neuroradiological 

imaging, it was unknown for 137 imaging studies who assessed and reported it. Of 61,109 

neuroradiological imaging, neuroradiologists assessed 32.6% (19,946), radiologists with a neuro 

subspecialisation assessed 32.7% (20,054), radiologists with another specialisation assessed 6.1% 

(3,724) and radiology residents assessed 28.4% (17,385). The discrepancy rate is 0.21% (42), 0.35% 

(70), 0.38% (14), and 0.51% (88) respectively. Overall, CT-scans are mostly interpreted by radiology 

residents (54.2%; 10.463). MRI-scans (45%; 8,593) and X-rays (33.9%;) are mostly interpreted by 

radiologists with a neuro subspecialisation. All radiologists and radiology residents together show a 

discrepancy rate of 0.48% (93/19,295) for CT-scans, 0.48% (92/19,081) for MRI-scans and 0.13% 

(29/22,870) for X-rays.  

Table 1 shows a general descriptive analysis of the 214 neuroradiological discrepancies, divided in the 

categories of the dependent variable discrepancy made by. Most discrepancies are made by radiology 

residents (41.1%) and neuroradiologist find and register the most discrepancies (57%). 

Neuroradiological discrepancies are often of significant/severe (43.4%) clinical relevance, but still the 

most discrepancies are of low or no clinical relevance (56.5%). There were only three discrepancies of 

severe clinical relevance, which were all made by radiology residents. Perception/ observation 

discrepancies are most common (77.6%) and most discrepancies occur in an outpatient setting (51.4%), 

in the afternoon (56.1%), in MRI-scans (43%) and CT-scans (43.5%). Discrepancies are often 

discovered by a second assessment of a radiologist (36.4%) or by repeating the research (31.3%). 

Discrepancies are most often found after twenty days.  

No assumptions were violated in the Chi-square for independence test for the variable imaging modality. 

The number of discrepancies in CT-scans made by neuroradiologists and radiologists with a neuro 

subspecialisation is significantly lower and the number of discrepancies in MRI-scans is significantly 

higher, compared to radiology residents (p < 0.001). The number of discrepancies made by radiology 

residents in CT-scans is significantly higher and the number of discrepancies in MRI-scans is 

significantly lower, compared to neuroradiologists and radiologists with a neuro subspecialisation            

(p < 0.001). The variables discrepancy author, setting, discrepancy discovered by and time of assessing/ 

reporting imaging violated the assumption of minimum expected cell frequency. The Fisher-Freeman-

Halton exact test showed that discrepancies made by radiology residents were significantly less often 
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found by neuroradiologists (p = 0.035). Also, discrepancies made by radiologists with a neuro 

subspecialisation were significantly less often found by radiology residents and discrepancies made by 

Table 1  

Descriptive statistics radiologists and radiology residents (n = 214) 

*     System related discrepancies were excluded, due to small category sizes (n=4) 

a      Chi-square for independence; χ² (6, n = 214) = 51.918, Cramer’s V = 0.348, p < 0.001 

b     Fisher-Freeman-Halton exact test; (6, n = 208) = 31.028, Cramer’s V= 0.265, Exact Sig. (2-sided) p < 0.001 

c     Fisher-Freeman-Halton exact test; (9, n = 214) = 16.860, Exact Sig. (2-sided) p = 0.035 

d     Independent-Samples Median Test; test statistic (3, n = 214) = 21.048, p < 0.001 

Radiologists and radiology residents 
 

Dependent categorical variable discrepancy made by 
 

Independent categorical 

variables 

Total sample 

N         (%) 
Neuroradiologist 

Radiologists with 

a neuro 

subspecialisation 

Radiologist with 

another 

specialisation 

Radiology 

residents 

 42 (19,6%) 70 (32,7%) 14 (6,5%) 88 (41,1%) 

Discrepancy author  

▪ Neuroradiologist 

▪ Radiologists with a 

neuro subspecialisation 

▪ Radiologists with 

another specialisation 

▪ Radiology resident 

 

122 

49 

 

10 

 

33 

 

(57.0%) 

(22.9%) 

 

(4.7%) 

 

(15.4%) 

 

24 

10 

 

3 

 

5 

 

(57.1%) 

(23.8%) 

 

(7.1%) 

 

(11.9%) 

 

46 

15 

 

4 

 

5   c 

 

(65.7%) 

(21.4%) 

 

(5.7%) 

 

(7.1%) 

 

10 

3 

 

1 

 

0 

 

(71.4%) 

(21.4%) 

 

(7.1%) 

 

(0.0%) 

 

42  c 

21   

 

2 

 

23  c 

 

(47.7%) 

(23.9%) 

 

(2.3%) 

 

(26.1%) 

Clinical relevance 

▪ None/ low 

▪ Significant/ severe 

 

121 

93 

 

(56.5%) 

(43.4%) 

 

25 

17 

 

(59.5%) 

(40.5%) 

 

37 

33 

 

(52.9%) 

(47.1%) 

 

10 

4 

 

(71.4%) 

(28.6%) 

 

49 

39 

 

(55.7%) 

(44.3%) 

Discrepancy classification 

▪ Cognition/interpretation 

▪ Perception/observation 

 

48 

166 

 

(22.4%) 

(77.6%) 

 

7 

35 

 

(16.7%) 

(83.3%) 

 

19 

51 

 

(27.1%) 

(72.9%) 

 

5 

9 

 

(35.7%) 

(64.3%) 

 

17 

71 

 

(19.3%) 

(80.7%) 

Setting 

▪ Emergency department 

▪ Outpatient setting 

▪ General practitioner 

▪ Inpatient setting 

 

67 

110 

20 

17 

 

(31.3%) 

(51.4%) 

(9.3%) 

(7.9%) 

 

1 

31 

4 

6 

 

(2.4%) 

(73.8%) 

(9.5%) 

(14.3%) 

 

5 

52 

6 

7 

 

(7.1%) 

(74.3%) 

(8.6%) 

(10.0%) 

 

3 

7 

3 

1 

 

(21.4%) 

(50.0%) 

(21.4%) 

(7.1%) 

 

58 

20 

7 

3 

 

(65.9%) 

(22.7%) 

(8.0%) 

(3.4%) 

Imaging modality 

▪ CT-scan 

▪ MRI-scan 

▪ X-ray 

 

93  

92  

29 

 

(43.5%) 

(43.0%) 

(13.6%) 

 

9   a 

27 a 

6 

 

(21.4%) 

(64.3%) 

(14.3%) 

 

19  a  

45  a 

6 

 

(27.1%) 

(64.3%) 

(8.6%) 

 

5 

7 

2 

 

(35.7%) 

(50.0%) 

(14.3%) 

 

60  a 

13  a 

15 

 

(68.2%) 

(14.8%) 

(17.0%) 

Discrepancy discovered by 

▪ Second assessment 

radiologist 

▪ New advanced research 

▪ Repeating research 

▪ Assessment of non-

radiologist 

 

78 

 

60 

67 

9 

 

(36.4%) 

 

(28.0%) 

(31.3%) 

(4.2%) 

 

13 

 

15 

13 

1 

 

(31.0%) 

 

(35.7%) 

(31.0%) 

(2.4%) 

 

27 

 

16 

23 

4 

 

(38.6%) 

 

(22.9%) 

(32.9%) 

(5.7%) 

 

4 

 

4 

6 

0 

 

(28.6%) 

 

(28.6%) 

(42.9%) 

(0.0%) 

 

34 

 

25 

25 

4 

 

(38.6%) 

 

(28.4%) 

(28.4%) 

(4.5%) 

Time of assessing/ reporting 

imaging 

▪ Morning 

▪ Afternoon 

▪ Evening/ night 

Missing 

 

 

71 

120 

17 

6 

 

 

(33.2%) 

(56.1%) 

(7.9%) 

(2.8%) 

 

 

20 b 

19 

0   b 

 

 

 

(51.3%) 

(48.7%) 

(0.0%) 

 

 

27 

41 

0   b 

 

 

 

(39.7%) 

(60.3%) 

(0.0%) 

 

 

6 

5 

2 

 

 

(46.2%) 

(38.5%) 

(15.4%) 

 

 

18  b 

55 

15  b 

 

 

(20.5%) 

(62.5%) 

(17.0%) 

Independent continues 

variables 

Total sample 

Median (SD) 
Neuroradiologist 

Radiologists 

with a neuro 

subspecialisation 

Radiologist with 

another 

specialisation 

Radiology 

residents 

Discrepancy discovery 

duration (days) 

▪ Range 

 

20.0    (554.22) 

2493 

 

84.5 d  (674.22) 

2493 

 

34.5  d  (537.82) 

2471 

 

699.5  d (798.10) 

2098 

 

5.50  d (370.23) 

1597 
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radiology residents were significantly more often found by radiology residents (p = 0.035). The number 

of discrepancies made by neuroradiologists is significantly higher in the morning and lower in the 

evening/ night (p < 0.001). The number of discrepancies made by radiologists with a neuro 

subspecialisation is significantly lower in the evening/ night (p < 0.001). The number of discrepancies 

made by radiology residents is significantly lower in the morning and significantly higher in the evening/ 

night (p < 0.001). No significant results were found on the other categorical variables. The Fisher-

Freeman-Halton exact test could not be executed for the variable setting, due to insufficient memory.  

The Independent-Samples Median Test for the variable discrepancy discovery duration (days) shows 

that the median of radiology residents (5.5 days) is significantly lower than the median of 

neuroradiologists (84.5 days), radiologists with a neuro subspecialisation (34.5 days) and radiologists 

with another specialisation (699.5 days) (p < 0.001). 

3.2 Results part 2  

Radiology residents assessed and reported, supervised or unsupervised, 28.4% (17,385) of all 

neuroradiological imaging studies between April 2017 and March 2019. This resulted in 88 

discrepancies made by radiology residents and an overall discrepancy rate of 0.5%. The significant/ 

severe discrepancies show a discrepancy rate of 0.22% (39/17,385). Of all imaging assessed and 

reported by radiology residents, 60.2% were CT-scans, 10.3% were MRI-scans and 29.5% were X-rays. 

The discrepancy rate for the modalities is 0.57%, 0.73% and 0.29% respectively. The radiology residents 

assessed and reported imaging in four different settings, 62% (10,778) in an emergency setting, 18% 

(3,135) in an outpatient setting, 14.8% (2,573) in a general practitioner setting and 7.2% (899) in an 

inpatient setting. The discrepancy rate for the settings is 0.54%, 0.64%, 0.27% and 0.33% respectively. 

Table 2 shows general descriptive analysis of the neuroradiological discrepancies made by radiology 

residents in total and divided over the categories of the dependent variable supervision. Most 

discrepancies occur among radiology residents without supervision (64.8%). From the 31 discrepancies 

made under supervision, radiology residents were supervised 17 times by a radiologist with a neuro 

subspecialisation. Most radiology residents were three years and five months in their training to become 

a radiologist, when they made a discrepancy. Neuroradiologist find and register most of the 

discrepancies made by radiology residents (47.7%). The clinical relevance of discrepancies was often 

significant/ severe (44,3%). The median of the discrepancy discovery duration is 5.5 days and 80.7% of 

the discrepancies made by radiology residents are perception/ observation discrepancies. Most 

discrepancies occur in the emergency setting (65.9%), in the afternoon (62.5%) and in CT-scans 

(68.2%). Discrepancies occur often in CT-scans, so a new variable type of CT-scan was created to 

investigate this finding in more detail. Of all 60 CT-scan discrepancies made by radiology residents, 35 

discrepancies  were   made  in  brain  CT-scans.  Discrepancies of  radiology  residents  are most  often  
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Table 2 

Descriptive statistics radiology residents (n = 88) 

*     System related discrepancies were excluded, due to small category sizes (n=4) 

a     Chi-square for independence; χ² (2, n = 88) = 17.767, Cramer’s V = 0.449, p < 0.001 

b      Fisher-Freeman-Halton exact test; (3, n = 88) = 13.381, Cramer’s V= 0.407 Exact Sig. (2-sided) p < 0.002 

c     Fisher-Freeman-Halton exact test; (4, n = 88) = 9.085, Exact Sig. (2-sided) p < 0.049 

d      Independent-Samples Median Test; test statistic (1, n = 88) = 21.963, p < 0.001  

Radiology residents  
 

Dependent categorical variable supervision 
 

Independent categorical variables 
Total sample 

N           (%) 
Supervision No supervision 

  31 (35.2%) 57 (64.8%) 

Supervised by 

▪ Neuroradiologist 

▪ Radiologists with a neuro subspecialisation  

▪ Radiologists with another specialisation 

▪ No supervision 

-   

9 

17 

5 

57 

 

(10.2%) 

(19.3%) 

(5.7%) 

(64.8%) 

-  

Discrepancy author  

▪ Neuroradiologist 

▪ Radiologists with a neuro subspecialisation 

▪ Radiologists with another specialisation 

▪ Radiology resident 

 

42 

20 

3 

23 

 

(47.7%) 

(22.7%) 

(3.4%) 

(26.1%) 

 

13 

9 

1 

8 

 

(41.9%) 

(29.0%) 

(3.2%) 

(25.8%) 

 

29 

11 

2 

15 

 

(50.9%) 

(19.3%) 

(3.5%) 

(26.3%) 

Setting 

▪ Emergency department 

▪ Outpatient setting 

▪ General practitioner 

▪ Inpatient setting 

 

58 

20 

7 

3 

 

(65.9%) 

(22.7%) 

(8.0%) 

(3.4%) 

 

15 b 

14 b 

2 

0 

 

(48.4%) 

(45.2%) 

(6.5%) 

(0.0%) 

 

43 b 

6   b 

5 

3 

 

(75.4%) 

(10.5%) 

(8.8%) 

(5.3%) 

Imaging modality 

▪ CT-scan 

▪ MRI-scan 

▪ X-ray 

 

60 

13 

15 

 

(68.2%) 

(14.8%) 

(17.0%) 

 

18 

11  a 

2 

 

(58.1%) 

(35.5%) 

(6.5%) 

 

42 

2   a 

13 

 

(73.7%) 

(3.5%) 

(22.8%) 

Type of CT-scan 

▪ CT brain 

▪ CT vertebral column  

▪ CT angiography  

▪ CT throat, nose, ears, head, neck 

▪ Other; MRI-scan, X-ray 

 

35 

12  

9 

4 

28 

 

(39.8%) 

(13.6%) 

(10.2%) 

(4.5%) 

(31.8%) 

 

10 

1   c 

4 

3 

13 

 

(32.3%) 

(3.2%) 

(12.9%) 

(9.7%) 

(41.9%) 

 

25 

11 c 

5 

1 

15 

 

(43.9%) 

(19.3%) 

(8.8%) 

(1.8%) 

(26.3%) 

Discrepancy discovered by 

▪ Second assessment radiologist 

▪ New advanced research 

▪ Repeating research 

▪ Assessment of non-radiologist 

 

34 

25 

25 

4 

 

(38.6%) 

(28.4%) 

(28.4%) 

(4.5%) 

 

11 

9 

10 

1 

 

(35.5%) 

(29.0%) 

(32.3%) 

(3.2%) 

 

23 

16 

15 

3 

 

(40.4%) 

(28.1%) 

(26.3%) 

(5.3%) 

Time of assessing/ reporting imaging 

▪ Morning 

▪ Afternoon 

▪ Evening/ night 

 

18 

55 

14 

 

(20.5%) 

(62.5%) 

(15.9%) 

 

6 

23 

2 

 

(19.4%) 

(74.2%) 

(6.5%) 

 

12 

32 

13 

 

(21.1%) 

(56.1%) 

(22.8%) 

Discrepancy classification * 

▪ Cognition/interpretation 

▪ Perception/observation 

 

17 

71 

 

(19.3%) 

(80.7%) 

 

9 

22 

 

(29.0%) 

(71.0%) 

 

8 

49 

 

(14.0%) 

(86.0%) 

Clinical relevance 

▪ None/ low 

▪ Significant/ severe 

 

49 

39 

 

(55.7%) 

(44.3%) 

 

15 

16 

 

(48.4%) 

(51.6%) 

 

34 

23 

 

(59.6%) 

(40.4%) 

Independent continuous variables 
Total sample  

Median    (SD) 
Supervision No supervision 

Discrepancy discovery duration (days) 

▪ Range 

5.50        (370.23) 

1597 

7.0          (520.04) 

1597 

3.0             (216.65) 

968 

Training progress radiology residents (years; 

months) 

▪ Range 

3;5          (1;7) 

5;7 

1;11 d    (1;5) 

5;0 

4;2 d          (1;4) 

5;4 
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discovered by a second assessment of a radiologist (38.6%). More descriptive statistics about supervised 

and non-supervised radiology residents are shown in table 2. No assumptions were violated during the 

Chi-square for independence test for the variables imaging modality, time of assessing/ reporting 

imaging, discrepancy classification and clinical relevance. Supervised radiology residents cause 

significantly more discrepancies in MRI-scans, than unsupervised radiology (p < 0.001). The variables 

discrepancy author, setting, type of CT-scan and discrepancy discovered by violated the assumption of 

minimum expected cell frequency. The Fisher-Freeman-Halton exact test showed for the variable setting 

that unsupervised radiology residents cause significantly more discrepancies in an emergency setting, 

than supervised radiology residents (p = 0.002). Besides, supervised radiology residents cause 

significantly more discrepancies in an outpatient setting, than unsupervised radiology residents (p = 

0.002). It is also found that supervised radiology residents cause significantly less discrepancies in a 

CT-vertebral column, than unsupervised radiology residents (p = 0.049). No significant results were 

found on the other categorical variables. 

The Independent-Samples Median Test showed that unsupervised radiology residents are significantly 

further in their study when they make discrepancies (four years and two months) compared to supervised 

radiology residents (one year and 11 months) (p < 0.001). No statistically significant result was found 

for the variable discrepancy discovery duration (days).  
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4 Discussion 

This study analysed 214 neuroradiological discrepancies (0.35% discrepancy rate) and 88 

neuroradiological discrepancies made by radiology residents (0.5% discrepancy rate). All discrepancies 

were discovered between 1 April 2017 and 5 March 2019. The discrepancy ratio is much lower for 

neuroradiologists (0.21%) than for radiologists with a neuro subspecialisation (0.35%) or radiologists 

with another specialisation (0.38%). This is not in line with literature, as it was not expected to see more 

accurate performances of specialised radiologists compared to unspecialised radiologists [5, 31]. There 

is no evidence-based explanation for this. However, it might be due to the high-quality fellow training 

in the Netherlands in which radiologists specialise themselves in a certain radiology area like 

neuroradiology. This finding shows that workings based on specialisation results in less discrepancies.    

Radiology residents are responsible for 41.1% of all neuroradiological discrepancies, this is 

interesting since they only assessed and reported 28.4% of the neuroradiological imaging. The imaging 

rate of radiology residents (28.4%) is lower compared to all radiologists together (71.6%), but the 

aggregate discrepancy rate of radiology residents is higher (0.51%) compared to all radiologists together 

(0.29%). It is possible that this result is partly due to some kind of registration bias, in which 

discrepancies made by radiology residents are earlier discovered and sooner registered, compared to 

discrepancies made by neuroradiologist, radiologists with a neuro subspecialisation or radiologists with 

another specialisation. This will be discussed in more detail later in this chapter. Other explanations 

might be found in the supervision area. Unsupervised radiology residents made 64.8% of the 

discrepancies. The other 35.2% of the neuroradiological discrepancies were made by supervised 

radiology residents. Detailed investigation showed that discrepancies in an emergency setting were 

significantly more often made by unsupervised radiology residents, than supervised radiology residents. 

Radiology residents who assess imaging in an emergency setting need at least competence level four, 

where they are expected to be able to work independently [21]. Significantly more discrepancies were 

made unsupervised which draws the hypothesis that radiology residents work unsupervised to quickly 

and that competence level four is inappropriate in an emergency setting. Literature already stated that 

radiology residents in emergency settings need better supervision [41]. Besides, this study is in line with 

literature and confirms that radiology residents cause most discrepancies in an emergency setting 

(65.9%) [13, 33]. These findings urge to further investigate the competence levels of the radiology 

training plan (CORONA), to test the hypothesis.  

In the outpatient setting was found, that supervised radiology residents make significantly more 

discrepancies than unsupervised radiology residents. Radiologists with a neuro subspecialisation are 

most involved in supervised discrepancies made by radiology residents. These findings support the 

hypothesis that supervision needs improvement, but further investigation should test whether these 

findings are also visible within other radiology specialisations, like abdominal discrepancies, to confirm 
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the hypothesis with more certainty. This might open educational and improvement opportunities for the 

supervision of radiology residents. 

For the imaging modality was found that the discrepancy rate of the X-ray (0.13%) is much lower 

compared to the discrepancy rate of the CT-scan (0.48%) and MRI-scan (0.48%). This might indicate 

that X-rays are less sensitive to discrepancies. It was also found that neuroradiologists and radiologists 

with a neuro subspecialisation cause significantly more MRI-scan discrepancies, which can be explained 

because they assess most imaging in this modality. Therefore, it is also logical that the number of CT-

scan discrepancies is lower for neuroradiologists and radiologists with a neuro subspecialisation, since 

most CT-scans are assessed by radiology residents (54.2%). Focussing only on radiology residents, 

shows that the majority of the neuroradiological discrepancies made by radiology residents were in CT-

scans (68.2%). This result could be expected, since radiology residents also assessed and reported most 

imaging in this modality (60.2%). However, hindsight bias might affect the registration of CT-scan 

discrepancies. It is unknown whether CT-scan discrepancies were about realistic or unrealistic 

expectations of prospective findings. It can also be that the probability to find certain diagnosis in 

prospect was overestimated, which would cause hindsight bias and unrealistic expectations towards 

radiologists [25, 42]. So, some CT-scan discrepancies might be based on unrealistic expectations and 

should not be classified as discrepancies. With these comments in mind, further research into CT-scan 

discrepancies made by radiology residents is desirable, to decrease the number of discrepancies in the 

future. The significantly lower number of supervised CT-vertebral column discrepancies might indicate 

proper supervision and more supervision might decrease the number of discrepancies further. The 

significantly higher number of supervised MRI-scan discrepancies is again in line with the hypothesis 

that supervision needs improvement. Future studies need to test this hypothesis, to identify educational 

opportunities for radiological departments towards the supervision of radiology residents.  

This study cannot confirm that second-year radiology residents cause the most discrepancies as 

it was found in the study of Huntley et al. [10]. This study found that third-year radiology residents 

caused the most discrepancies. Besides, the descriptive analysis of this study showed that unsupervised 

radiology residents were significantly further in their training, then supervised radiology residents. The 

Dutch radiology training plan (CORONA) might prevent most discrepancies made by radiology 

residents in their first and second year of training, because the supervision is stricter in the beginning of 

the training due to competence level one and two [21]. Further investigation is necessary to confirm this 

hypothesis.  

In order to minimize patients’ harm caused by discrepancies, it is important to know who is best 

in finding discrepancies and how this can be done as soon as possible. It is unknown why discrepancies 

made by radiology residents were significantly less often found by neuroradiologists and why 

discrepancies made by radiologists with a neuro subspecialisation were significantly less often found by 
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radiology residents. Discrepancies made by radiology residents were also significantly more often found 

by radiology residents. There is no evidence-based explanation for this result, but it might be due to the 

radiology residents who help each other and therefore find mistakes they have made. Discrepancies 

made by radiology residents are found significantly sooner than discrepancies made by 

neuroradiologists, radiologists with a neuro subspecialisation and radiologists with another 

specialisation. This is probably due to the fact that 64.8% of the discrepancies made by radiology 

residents were made without supervision. There might be control on the work of unsupervised radiology 

residents that results in this quick discovery of discrepancies. The high median of the discovery duration 

of discrepancies made by radiologists with another specialisation cannot be explained. However, 

detailed investigation showed that 10 out of 14 discrepancies made by radiologists with another 

specialisation had no/low clinical relevance. Further investigation must discover how discrepancies 

made by radiologists with another specialisation can be discovered sooner, in order to prevent patient 

harm.   

This study showed that the number of discrepancies made by neuroradiologist and radiologists with a 

neuro subspecialisation is significantly lower in the evening/ night. This can be explained, since 

radiologists work less often evening/ night shifts than day shifts. It can also be explained that radiology 

residents cause significantly more discrepancies in the evening/ night than in the morning, since 

radiology residents work many night shifts. 

The majority of all neuroradiological discrepancies (77,6%) and all neuroradiological discrepancies 

made by radiology residents (80,7%) of this study are perceptual/ observational discrepancies, as was 

expected based on previous studies [1, 20, 27, 28].  

The aggregate discrepancy rate for all neuroradiological discrepancies (0.35%) was much lower 

compared to the discrepancy rates found in other studies worldwide (4%) [1, 6, 7]. This is also the case 

for the aggregate discrepancy rate for radiology residents (0.5%) and the aggregate discrepancy rate for 

significant/ severe discrepancies made by radiology residents (0.22%), which were respectively between 

2.0 - 2.7% and 1.7 - 8.6% in literature [1, 6-11]. The aggregate discrepancy rate of radiology residents 

(0.51%) is a bit higher compared to the aggregate discrepancy rate of radiologists with another 

specialisation (0.38%). This is not in line with a previous study, as it was expected to see no different 

performances [32]. The overall discrepancy rate of radiology residents in an emergency setting is much 

lower (0,54%) than described in literature (3.3%) [12]. However, the discrepancy rate for radiology 

residents is higher in an outpatient than in an emergency setting (0.64%; 0.54% respectively). So, even 

though the absolute number of discrepancies is higher in the emergency setting, the relative number is 

higher in the outpatient setting. For discrepancies made by radiology residents, both the emergency and 

outpatient setting show interesting results that need to be further investigated. There is no evidence-

based explanation for the lower discrepancy rates in this study, compared to previous (American) 
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studies. However, it is unknown when discrepancies made by radiology residents are simply part of their 

learning process or whether it are ‘real’ discrepancies that were not expected to occur in the training 

phase of a specific radiology resident. Besides, there might be a registration bias. Radiologists might 

registrate discrepancies made by radiology residents easier than discrepancies made by other, sometimes 

even more specialised, radiologists. So, a difference in discrepancy registration might explain the 

difference between the discrepancy rates of this study and those in literature. However, there is no 

evidence for this assumption available.  

To successfully use the educational opportunities for radiology departments identified by this 

study, it is important to focus on changeable factors. Besides, hypotheses made in this study must be 

tested in future studies to identify proper targets of future interventions. So, the supervision of radiology 

residents should be further investigated as well as the competence levels described in CORONA. Future 

studies should include more radiological specialisations, like abdominal discrepancies, to establish 

evidence-based conclusions. It is also discovered that working with specialised neuroradiologists is 

useful. This is not an educational opportunity, but it does confirm that the current working patterns is an 

effective barrier to prevent or at least decrease the number of neuroradiological discrepancies. This study 

has shown that analysing discrepancies of a certain time period is useful. It allows hospitals to discover 

possible patterns and future study and educational opportunities. 

4.1 Limitations of this study  

This study is related to some limitations. First, a 100% registration of discrepancies will never 

happen, due to several reasons like a lack of focus on discrepancy registration, no time to register 

discrepancies (emergency setting), the medical culture of autonomy and personal responsibility, 

unintended forgetting to register discrepancies and some discrepancies might never be found because 

not every imaging will be assessed twice [17, 41]. The number of discrepancies is probably 

underestimated and relatively low in this study compared to literature. Some patterns might therefore 

never be discovered, and further investigation is necessary to draw evidence-based conclusions. Besides, 

it is unknown if the results are representative for all hospitals in the Netherlands. Second, there is 

variance in the opinion of radiologists. This makes it impossible to define a true error, because that 

implies that someone knows what the truth is. Third, some discrepancies could not be prevented due to 

the inability of imaging modalities to show minimalistic deviations. Fourth, the clinical relevance of 

discrepancies is based on radiologists’ expectations but cannot be stated with certainty. For example, 

missed lung cancer might not influence the definitive outcome because whether the disease is discovered 

now or in three months does not affect the chance of a cure. These limitations must be considered while 

interpreting the results.  
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5 Conclusion and recommendations 

This study indicates that improvement and educational opportunities lie within the competence levels 

of the Dutch CORONA radiology training plan and the supervision, especially in an emergency and 

outpatient setting and in MRI-scans. It is recommended to increase the awareness of supervisors and 

radiology residents about the high discrepancy rates here, to stimulate earlier feedback, of which the 

effectiveness needs to be monitored. Further investigation is necessary to confirm the hypotheses made 

in this study and to provide recommendations to decrease the number of discrepancies in an outpatient 

and emergency setting and in MRI-scans.  

Finally, radiology departments should work with specialised radiologists, like neuroradiologist. 

This decreases the number of discrepancies. Also, a compliment system besides the discrepancy 

registration system might stimulate radiologists in their daily work, because this will highlight the 

outstanding interpretations, instead of only the doubtful interpretations. This study identified not only 

possible educational opportunities for radiology residents, but also for radiological departments and 

national guidelines. A feedback loop to analyse neuroradiological discrepancies annually should be 

implemented in hospitals, to discover new patterns, improvement possibilities and educational 

opportunities to improve diagnostic care. 
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Appendix 1 
 

Figure 1: Swiss cheese model neuroradiological discrepancies. Adjusted from 

Itri et al. [25] and Larson et al. [26] 
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Abstract 

Purpose: Diagnostic errors often cause patient harm, due to delayed, incorrect or missed diagnoses. Radiologists’ 

contribution is probably substantial, because diagnoses are often based on medical imaging. Discrepancy is a 

proper term to use, for supposed errors or observer variation in radiology. This study aims to analyse 

neuroradiological (head and neck) discrepancies made by supervised or unsupervised radiology residents, to 

identify patterns for improvement and educational opportunities to reduce future discrepancies. 

Methods: Out of 17,385 neuroradiological imaging studies assessed and reported by radiology residents, 88 

neuroradiological discrepancies were found and analysed. The Dutch ZiekenhuisGroep Twente gathered data for 

this retrospective quantitative descriptive study, between April 2017 and March 2019. Radiology residents can 

follow the five-year training program in this hospital. Subgroup analysis was performed, divided by supervision 

or not, including variables like setting and imaging modality. The Chi-square for independence, Fisher-Freeman-

Halton exact test, Independent-Samples Median Test and logistic regression analysis were used.  

Results: Discrepancies occur without supervision (64,8%) but also with supervision (35.2%). Discrepancy rates 

are high in MRI-scans (13; 0.73%), the emergency (58; 0.54%) and outpatient setting (20; 0.64%). If radiology 

residents are one year further in their training, it becomes 0.5 times less likely that they are supervised when 

causing discrepancies. The 0.5% (88/17,385) aggregate discrepancy rate for radiology residents, is lower compared 

to literature (2.0–2.7%).  

Conclusions: Future research must confirm whether the supervision and competence levels within the Dutch 

radiology training plan (CORONA) offer improvement and educational opportunities, for radiological departments 

and national guidelines. 

Keywords 

Radiology residents • neuroradiological discrepancies • educational opportunities 

1. Introduction 

Diagnostic errors often cause patient harm, due to delayed, incorrect or missed diagnoses. It is likely that 

radiologists’ contribution is substantial, because diagnoses are often based on medical imaging [1, 2]. There is a 

difference between diagnostic error and observer variation. True ‘errors’ occur whenever the interpretation of 

radiologists’ peers differs substantially from the original report and the correct interpretation is indisputable [1, 3, 

4]. Variance is no real ‘error’, it occurs whenever the correct interpretation is subject to a legitimate difference of 

opinion [4, 5]. Discrepancy is a proper term to use, whenever talking about supposed errors or observer variation 

in radiology [3]. 

Dutch radiology residents follow a five years training program, to become a general radiologist. 

Thereafter, they can become a fellow radiologist to specialise themselves in two years in for example 
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neuroradiology [6]. One billion radiological studies are performed worldwide annually with a 4% error rate, 

resulting in forty million radiological errors [1, 3, 4]. Zooming in on neuroradiological errors made by radiology 

residents shows aggregate error rates from 2.0 to 2.7% and significant error rates from 1.7% to 8.6% [7-10]. 

Radiology residents cause more discrepancies in an emergency setting, with an aggregate discrepancy rate of 3.3% 

[11-13]. Most significant discrepancies were made by second-year radiology residents [9]. Rules regarding the 

supervision of radiology residents are independently and individually determined by each country. The 

Netherlands use competence levels, stated in the Dutch radiology training plan (CORONA). Radiologists 

determine the competence level of a radiology resident. The competence levels start with radiology residents are 

not allowed to assess imaging independently (competence level 1) or not without supervision (competence level 

2). Thereafter, radiology residents can assess imaging independently and receive limited supervision of which the 

initiative lies with radiology residents (competence level 3), radiology residents work independently but can ask 

for help (competence level 4) or radiology residents supervise others (competence level 5) [6]. Neuroradiology is 

a common term in literature and will therefore be used to refer to the specialisation neuro- (head and neck) 

radiology [12, 14-16]. 

“To err is human”, but we should prevent them as much as possible [17]. The Dutch healthcare 

inspectorate advised in 2016 to implement a discrepancy registration system [18]. This will provide insight in the 

current performances of radiology departments and enables them to determine minimum quality standards, to 

improve diagnostic care [3, 18, 19]. Registered discrepancies should be analysed and discussed to reach quality 

improvement. The aim of this study is to analyse neuroradiological discrepancies made by supervised or 

unsupervised radiology residents, to identify patterns for improvement and educational opportunities to reduce the 

number of future discrepancies.  

2. Material and methods 

2.1 Study design 

This retrospective quantitative descriptive study analysed 88 neuroradiological discrepancies made by radiology 

residents in ZiekenhuisGroep Twente (ZGT). ZGT is a regional hospital located in the cities Hengelo and Almelo 

in the East of the Netherlands and facilitates prevention, diagnosis, treatment and nursing to stimulate 

approximately 250,000 patient’s health annually. Radiology residents are trained in ZGT.  

2.2 The dataset 

ZGT implemented a discrepancy registration system in April 2017 and discrepancies in this study were discovered 

between 1 April 2017 and 5 March 2019. Included neuroradiological discrepancies were based on imaging from 

1 January 2012 till 5 March 2019. The starting point of 2012 was chosen, because radiologists work since then 

based on their (neuro-)specialisation to increase expertise. The radiology department works with the JiveX Picture 

Archiving and Communication System of Alphatron Medical, to assess and report imaging and to detect and 

registrate discrepancies. 

Data was made anonymously, therefore patients or reporting radiologist could not be identified and 

informed consent was not necessary. The focus of interest, supervision, was coded as supervised or unsupervised, 

which was noted per imaging. Supervised radiology residents are corrected whenever their interpretation is 

incorrect, according to their supervisor during that shift. Discrepancies among supervised radiology residents 
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indicated that both the radiology resident and the supervisor interpreted the imaging ‘incorrect’. Unsupervised 

radiology residents are responsible to ask for help if they doubt their own judgement capabilities on certain 

imaging. [6] The following independent categorical variables discrepancy author, supervised by, setting, imaging 

modality, discrepancy discovered by, time of assessing/ reporting imaging, discrepancy classification and clinical 

relevance and the independent continuous variables training progress radiology residents (years; months) and 

discrepancy discovery duration (days) were included in this study. 

The variable discrepancy author describes whether discrepancies were discovered by neuroradiologists, 

radiologists with a neuro subspecialisation, radiologists with another specialisation or radiology residents. The 

recoding was based on the scheduling and number of neuroradiological imaging assessed and reported by a specific 

radiologist, between April 2017 and March 2019. The official Dutch classification of registered neuroradiologist 

and subspecialist were not used in this study, because training qualifications were different during the education 

period of older radiologists and it would underestimate their qualities nowadays. Recoding based on the output of 

radiologists is therefore more representative. Neuroradiologists assessed and reported ≥10% of all 61,246 

neuroradiological imaging, radiologists with a neuro subspecialisation ≥2% and radiologists with another 

specialisation <2%. The fourth category included radiology residents, who registered discrepancies made by other 

radiology residents. The variable supervised by used the categories neuroradiologist, radiologists with a neuro 

subspecialisation and radiologists with another specialisation as well, only the fourth category included for this 

variable all unsupervised discrepancies. The variable setting describes whether patients were referred to the 

radiology department from an emergency setting, outpatient setting, inpatient setting or by a general practitioner. 

The variable imaging modality was recoded based on the main neuroradiological modalities in ZGT; CT-scan, 

MRI-scan and X-ray. If the results encourage to analyse in more detail, it is possible to create new variables based 

on for example the focus of a CT-scan. The variable discrepancy discovered by showed how a discrepancy was 

found; a second assessment of a radiologist, repeating the research, new advanced research or by the assessment 

of a non-radiologist. The variable time of assessing/ reporting imaging showed whether a discrepancy was made 

in the morning (6:00–12:00 h), afternoon (12:00–18:00 h) or evening/ night (18:00–6:00 h). The discrepancy 

classification was determined by radiologists prior to this study; perception/observation, cognition/ interpretation 

or system related discrepancies. The clinical relevance was based on the worldwide used RADPEER® scoring 

system and scored by radiologists of ZGT prior to this study. The four categories of the RADPEER® scoring 

system, based on the accuracy of a radiologists’ interpretation, [5, 20-23] were recoded into two categories to 

create proper category sizes; no/ low clinical relevance and significant/ severe clinical relevance. No/low clinical 

relevance implied no clinical relevance, or clinical relevance but without a necessary treatment adjustment. 

Significant/ severe clinical relevance implied a necessary treatment adjustment or a necessary treatment adjustment 

and a different definitive outcome for patients.  

2.3 Data analysis 

The neuroradiological discrepancies made by radiology residents were studied, to investigate the radiology 

resident discrepancies and the role of supervision more detailed. The ratio between the number of discrepancies 

and the total number of imaging on the three modalities and the four settings will also be shown, to represent the 

current seriousness of discrepancies.  

 This study performed subgroup analysis, based on the dependent variable supervision. The Chi-square 

test for independence was used to perform subgroup analysis for categorical variables. The Fisher’s exact test (2x2 
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table) and the Fisher-Freeman-Halton exact test (tables larger than 2x2) were used, if the assumption minimum 

expected cell frequency was violated. The phi coefficient (2x2 table) and Cramer’s V (tables larger than 2x2) were 

used to test the effect size of significant results. The Independent-Samples Median Test was used to perform 

subgroup analysis for continuous variables. Thereafter, univariate logistic regression analyses were performed for 

the dependent variable supervision, including the Cox and Snell R Square and the Nagelkerke R Square. The 

reference categories for the categorical variables were determined based on the category with the most cases. The 

variables setting, imaging modality, time of assessing/ reporting imaging and training progress radiology residents 

(years; months) were included in the logistic regressions, because it is expected that these variables influence the 

supervision. Two sided p values were used and p < 0.05 indicated statistically significant results [24]. Recoding 

and analysis was done with Excel 2016 and Statistical Package for Social Sciences (SPSS) version 25. 

Improvement recommendations were made, if significant results urged to intervene.  

 

3. Results 

3.1 Results descriptive statistics 

In total there are 61,246 neuroradiological imaging studies performed between April 2017 and March 2019. 

Radiology residents assessed 28.4% (17,385) of those images, either supervised or unsupervised. This resulted in 

88 discrepancies made by radiology residents and a 0.5% aggregate discrepancy rate. The significant/ severe 

discrepancies show a discrepancy rate of 0.22% (39). Of all imaging assessed and reported by radiology residents, 

60.2% were CT-scans, 10.3% were MRI-scans and 29.5% were X-rays. The discrepancy rate for the modalities is 

0.57%, 0.73% and 0.29% respectively. The radiology residents assessed and reported imaging in four different 

settings, 62% (10,778) in an emergency setting, 18% (3,135) in an outpatient setting, 14.8% (2,573) in a general 

practitioner setting and 7.2% (899) in an inpatient setting. The discrepancy rate for the settings is 0.54%, 0.64%, 

0.27% and 0.33% respectively. Table 1 shows the descriptive analysis of the neuroradiological discrepancies made 

by radiology residents and divided over the categories of the dependent variable supervision. This analysis 

included Chi-square for independence tests, Fisher-Freeman-Halton exact tests and an Independent-Samples 

Median Test.   

Discrepancies often occurred without supervision (64.8%). Supervised radiology residents cause 

significantly more discrepancies in MRI-scans, than unsupervised radiology (p < 0.001). It is also found that 

supervised radiology residents cause significantly less discrepancies in a CT-vertebral column, than unsupervised 

radiology residents (p = 0.049). For the variable setting was found that unsupervised radiology residents cause 

significantly more discrepancies in an emergency setting, than supervised radiology residents (p = 0.002). Besides, 

supervised radiology residents cause significantly more discrepancies in an outpatient setting, than unsupervised 

radiology residents (p = 0.002). When causing discrepancies, unsupervised radiology residents are significantly 

further in their study (four years and two months) than supervised radiology residents (one year and 11 months) 

(p < 0.001). No significant results were found on the other variables (table 1).  

3.2 Results univariate logistic regression (L.R.) 

The outcomes of three univariate logistic regressions are presented in table 2. All logistic regression models were 

statistically significant (p < 0.01) and were therefore able to distinguish between discrepancies made by supervised 

and unsupervised radiology residents. Logistic regression three, including the variable training progress radiology  
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Table 1 

Descriptive statistics radiology residents (n = 88) 

*     System related discrepancies were excluded, due to small category sizes (n=4) 

a     Chi-square for independence; χ² (2, n = 88) = 17.767, Cramer’s V = 0.449, p < 0.001 

b      Fisher-Freeman-Halton exact test; (3, n = 88) = 13.381, Cramer’s V= 0.407 Exact Sig. (2-sided) p = 0.002 

c     Fisher-Freeman-Halton exact test; (4, n = 88) = 9.085, Exact Sig. (2-sided) p = 0.049 

d      Independent-Samples Median Test; test statistic (1, n = 88) = 21.963, p < 0.001  

Radiology residents  
 

Dependent categorical variable supervision 
 

Independent categorical variables 
Total sample 

N           (%) 
Supervision No supervision 

  31 (35.2%) 57 (64.8%) 

Supervised by 

▪ Neuroradiologist 

▪ Radiologists with a neuro subspecialisation 

▪ Radiologists with another specialisation 

▪ No supervision 

-   

9 

17 

5 

57 

 

(10.2%) 

(19.3%) 

(5.7%) 

(64.8%) 

-  

Discrepancy author  

▪ Neuroradiologist 

▪ Radiologists with a neuro subspecialisation 

▪ Radiologists with another specialisation 

▪ Radiology resident 

 

42 

20 

3 

23 

 

(47.7%) 

(22.7%) 

(3.4%) 

(26.1%) 

 

13 

9 

1 

8 

 

(41.9%) 

(29.0%) 

(3.2%) 

(25.8%) 

 

29 

11 

2 

15 

 

(50.9%) 

(19.3%) 

(3.5%) 

(26.3%) 

Setting 

▪ Emergency department 

▪ Outpatient setting 

▪ General practitioner 

▪ Inpatient setting 

 

58 

20 

7 

3 

 

(65.9%) 

(22.7%) 

(8.0%) 

(3.4%) 

 

15 b 

14 b 

2 

0 

 

(48.4%) 

(45.2%) 

(6.5%) 

(0.0%) 

 

43 b 

6   b 

5 

3 

 

(75.4%) 

(10.5%) 

(8.8%) 

(5.3%) 

Imaging modality 

▪ CT-scan 

▪ MRI-scan 

▪ X-ray 

 

60 

13 

15 

 

(68.2%) 

(14.8%) 

(17.0%) 

 

18 

11  a 

2 

 

(58.1%) 

(35.5%) 

(6.5%) 

 

42 

2   a 

13 

 

(73.7%) 

(3.5%) 

(22.8%) 

Type of CT-scan 

▪ CT brain 

▪ CT vertebral column  

▪ CT angiography  

▪ CT throat, nose, ears, head, neck 

▪ Other; MRI-scan, X-ray 

 

35 

12  

9 

4 

28 

 

(39.8%) 

(13.6%) 

(10.2%) 

(4.5%) 

(31.8%) 

 

10 

1   c 

4 

3 

13 

 

(32.3%) 

(3.2%) 

(12.9%) 

(9.7%) 

(41.9%) 

 

25 

11 c 

5 

1 

15 

 

(43.9%) 

(19.3%) 

(8.8%) 

(1.8%) 

(26.3%) 

Discrepancy discovered by 

▪ Second assessment radiologist 

▪ New advanced research 

▪ Repeating research 

▪ Assessment of non-radiologist 

 

34 

25 

25 

4 

 

(38.6%) 

(28.4%) 

(28.4%) 

(4.5%) 

 

11 

9 

10 

1 

 

(35.5%) 

(29.0%) 

(32.3%) 

(3.2%) 

 

23 

16 

15 

3 

 

(40.4%) 

(28.1%) 

(26.3%) 

(5.3%) 

Time of assessing/ reporting imaging 

▪ Morning 

▪ Afternoon 

▪ Evening/ night 

 

18 

55 

14 

 

(20.5%) 

(62.5%) 

(15.9%) 

 

6 

23 

2 

 

(19.4%) 

(74.2%) 

(6.5%) 

 

12 

32 

13 

 

(21.1%) 

(56.1%) 

(22.8%) 

Discrepancy classification * 

▪ Cognition/interpretation 

▪ Perception/observation 

 

17 

71 

 

(19.3%) 

(80.7%) 

 

9 

22 

 

(29.0%) 

(71.0%) 

 

8 

49 

 

(14.0%) 

(86.0%) 

Clinical relevance 

▪ None/ low 

▪ Significant/ severe 

 

49 

39 

 

(55.7%) 

(44.3%) 

 

15 

16 

 

(48.4%) 

(51.6%) 

 

34 

23 

 

(59.6%) 

(40.4%) 

Independent continuous variables 
Total sample  

Median    (SD) 
Supervision No supervision 

Discrepancy discovery duration (days) 

▪ Range 

5.50        (370.23) 

1597 

7.0          (520.04) 

1597 

3.0             (216.65) 

968 

Training progress radiology residents (years; 

months) 

▪ Range 

3;5          (1;7) 

5;7 

1;11 d    (1;5) 

5;0 

4;2 d          (1;4) 

5;4 
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Table 2 

Univariate logistic regression radiology residents’ supervision (n = 88) 

 

 

 

 

 

 

 

 

residents, explains the most variance in supervision (Cox & Snell R Square = 22.8%; Nagelkerke R Square = 

31.4%). L.R. 1 explains between 18.5% (Cox & Snell R Square) and 25.4% (Nagelkerke R Square) of the variance 

in supervision. L.R. 2 explains between 15.7% (Cox & Snell R Square) and 21.7% (Nagelkerke R Square) of the 

variance in supervision. The category MRI-scan within the variable imaging modality (L.R. 2), was the strongest 

predictor of supervision, with a significant odds ratio of 12.8 (p = 0.002). The category outpatient setting within 

the variable setting (L.R. 1), showed a statistically significant odds ratio of 6.7 (p = 0.001). The category inpatient 

setting did not have supervised discrepancies and could therefore not be included in the logistic regression. The 

variable training progress radiology residents (L.R. 3), showed a statistically significant odds ratio of 0.5 (p < 

0.001). No other significant results were found. 

4. Discussion 

This study analysed 88 (0.5% discrepancy rate) neuroradiological discrepancies made by radiology 

residents, discovered between April 2017 and March 2019. Unsupervised radiology residents made 64.8% of the 

discrepancies. The other 35.2% of the neuroradiological discrepancies were made by supervised radiology 

residents. Detailed investigation showed that discrepancies in an emergency setting were significantly more often 

made by unsupervised radiology residents, than supervised radiology residents. Radiology residents who assess 

imaging in an emergency setting need at least competence level four, where they are expected to be able to work 

independently [6]. Significantly more discrepancies were made unsupervised, which draws the hypothesis that 

radiology residents work unsupervised to quickly and that competence level four is inappropriate in an emergency 

setting. Literature already stated that radiology residents in emergency settings need better supervision [25]. 

Besides, this study confirms in line with literature that radiology residents cause most discrepancies in an 

emergency setting (65.9%) [12, 13]. These findings urge to investigate the competence levels described in 

CORONA, to test the hypothesis. 

In the outpatient setting was found, that supervised radiology residents make significantly more 

discrepancies than unsupervised radiology residents. Besides, if radiology residents assess imaging in an outpatient 

Radiology residents 

 

Dependent categorical variable 

supervision 
 

   OR 95% C.I. 

Independent variables OR Sig. Lower Upper 

Logistic Regression 1 

Setting 

▪ Emergency department  

▪ Outpatient setting  

▪ General practitioner 

▪ Inpatient setting  

 

 

Ref. 

6.7 

1.1 

- 

 

 

 

0.001

0.878 

- 

 

 

 

2.177 

0.201 

- 

 

 

 

20.552 

6.546 

Logistic Regression 2 

Imaging modality 

▪ CT-scan  

▪ MRI-scan 

▪ X-ray 

 

 

Ref. 

12.8 

0.4 

 

 

 

0.002 

0.206 

 

 

 

2.579 

0.073 

 

 

 

63.859 

1.756 

Logistic Regression 3 

Training progress radiology 

residents (years; months) 

 

0.5 

 

0.001 

 

0.320 

 

0.665 
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setting, it is 6.7 times more likely that supervised radiology residents cause discrepancies, compared to supervised 

radiology residents who assess imaging in an emergency setting. It was impossible to control for other factors that 

might affect the supervision, because there were not enough cases in this study. Radiologists with a neuro 

subspecialisation are most involved in supervised discrepancies made by radiology residents. These findings draw 

the hypothesis that the supervision needs improvement. Further investigation should test whether these findings 

are also visible within other radiology specialisations to confirm the hypothesis with more certainty. This might 

open educational opportunities for the supervision of radiology residents.  

The majority of the neuroradiological discrepancies made by radiology residents were in CT-scans 

(68.2%). This result could be expected, since radiology residents also assessed and reported most imaging in this 

modality (60.2%). However, hindsight bias might affect the registration of CT-scan discrepancies. It is unknown 

whether CT-scan discrepancies were about realistic or unrealistic expectations of prospective findings. It can also 

be that the probability to find certain diagnosis in prospect was overestimated, which would cause hindsight bias 

and unrealistic expectations of radiologists [26, 27]. So, some CT-scan discrepancies might be based on unrealistic 

expectations and should not be classified as discrepancies. With these comments in mind, further research into 

CT-scan discrepancies made by radiology residents is desirable to decrease the number of discrepancies in the 

future. The significantly lower number of supervised CT-vertebral column discrepancies might indicate proper 

supervision and more supervision might decrease discrepancies further. The significantly higher number of 

supervised MRI-scan discrepancies is again in line with the hypothesis that supervision needs improvement. Future 

studies need to test this hypothesis, to identify educational opportunities for radiological departments. The 

discrepancy rate of X-rays is lower (0.29%) compared to CT-scans (0.57%) and MRI-scans (0.73%), this might 

indicate that X-rays are less sensitive to discrepancies. If radiology residents assess MRI-scans, it is 12.8 times 

more likely that radiology residents are supervised, compared to radiology residents who assess CT-scans. Again, 

it was impossible to control for other factors that might affect the supervision, because there were not enough cases 

in this study. 

This study cannot confirm that second-year radiology residents cause the most discrepancies as it was 

found in the study of Huntley et al. [9]. This study found that third-year radiology residents caused the most 

discrepancies. Besides, if radiology residents are one year further in their training, it becomes 0.5 times less likely 

that they are supervised when causing discrepancies. However, it was impossible to control for other factors that 

might affect the supervision, because there were not enough cases in this study. The Dutch radiology training plan 

(CORONA) might prevent most discrepancies made by radiology residents in their first and second year of training, 

because the supervision is stricter in the beginning of the training due to competence level one and two [6]. Further 

investigation is necessary to confirm this hypothesis.  

The discrepancy rates for radiology residents overall (0.5%) and for significant/ severe discrepancies 

(0.22%) are both much lower compared to literature, respectively between 2.0–2.7% and 1.7–8.6% [1, 3, 4, 7-10]. 

The aggregate discrepancy rate of radiology residents in an emergency setting is also much lower (0,54%) 

compared to literature (3.3%) [11]. More interesting, the outpatient setting shows a higher discrepancy rate than 

the emergency setting (0.64%; 0.54% respectively). This indicates that the relative number of discrepancies is 

higher in the outpatient setting. As mentioned before, both the emergency and outpatient setting need to be further 

investigated within radiology departments. There is no evidence-based explanation for the lower discrepancy rates 

in this study, compared to previous (American) studies. However, it is unknown when discrepancies made by 



8 

 

radiology residents are part of their learning process or whether it are ‘real’ discrepancies that were not expected 

to occur in the training phase of a specific radiology resident. So, a difference in discrepancy registration might 

explain the difference between the discrepancy rates of this study and those in literature. Besides, there might be 

a registration bias. Radiologists might registrate discrepancies made by radiology residents easier than 

discrepancies made by other, sometimes even more specialised, radiologists. Again, there is no evidence for this 

assumption available.  

To successfully use the educational opportunities for radiology departments identified by this study, the 

focus must be on changeable factors. Besides, hypotheses made in this study must be tested in future studies to 

identify proper targets of future interventions. So, the supervision of radiology residents should be further 

investigated as well as the competence levels described in CORONA. Future studies should include more 

radiological specialisations, like abdominal discrepancies, to establish evidence-based conclusions. This study has 

shown that analysing discrepancies of a certain time period is useful, to discover patterns and future study and 

educational opportunities. 

This study is related to some limitations. First, a 100% registration of discrepancies will never happen, 

due to several reasons like a lack of focus on discrepancy registration, no time to register discrepancies (emergency 

setting), the medical culture of autonomy and personal responsibility and some discrepancies might never be found 

[5, 25]. The number of discrepancies is probably underestimated and relatively low in this study compared to 

literature. Some patterns might therefore never be discovered, and further investigation is necessary to draw 

evidence-based conclusions. Besides, it is unknown if the results are representative for all Dutch hospitals. Second, 

there is variance in the opinion of radiologists. This makes it impossible to define a true error, because that implies 

that someone knows what the truth is. Third, some discrepancies could not be prevented due to the inability of 

modalities to show minimalistic deviations. Fourth, the clinical relevance of discrepancies is based on radiologists’ 

expectations but cannot be stated with certainty. These limitations must be considered while interpreting the 

results.  

5. Conclusion and recommendations 

This study indicates that improvement and educational opportunities lie within the competence levels of the Dutch 

CORONA radiology training plan and the supervision, especially in an emergency and outpatient setting and in 

MRI-scans. It is recommended to increase the awareness of supervisors and radiology residents about the high 

discrepancy rates in an emergency and outpatient setting and in MRI-scans, to stimulate earlier feedback, of which 

the effectiveness needs to be monitored. Further investigation is necessary to confirm the hypotheses made in this 

study and to provide recommendations to decrease the number of discrepancies in an outpatient and emergency 

setting and in MRI-scans.  

This study identified not only possible educational opportunities for radiology residents, but also for 

radiological departments and national guidelines. A feedback loop to analyse neuroradiological discrepancies 

annually should be implemented in hospitals, to improve diagnostic care by discovering new patterns, 

improvement possibilities and educational opportunities. 
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