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Introduction

The Bosniak classification of cystic renal masses version 2019 
(Bosniak.v2019) presents a major revision to the original 
Bosniak classification (Bosniak.original). Among many chang-
es, Bosniak.v2019 aims to improve inter-observer agreement 
compared to Bosniak.original through rigorous definitions of 
imaging features and Bosniak classes.1 Preliminary studies 
comparing inter-observer agreement between the two clas-
sification systems have shown either no difference or only 
modest improvement.2-4 Recently published support aids for 
use of Bosniak.v2019 aim to simplify use of Bosniak.v20195 
but the impact of these decision support aids have not yet 
been determined. The purpose of this study was to compare 
inter-observer and intra-observer agreement of Bosniak.v2019 
to Bosniak.original and the effect of decision support aids on 
inter-observer agreement using an online support calculator 
developed for Bosniak.v2019. 

Methods

This institutional review board-approved, cross-sectional 
study evaluated 103 consecutively identified cystic (≤25% 
enhancing1) masses: 70.9% (73/103) with pathological con-
firmation (80.8% [59/73] malignant, 19.2% [14/73] benign), 
and 29.1% (30/103) Bosniak 2/2F masses, classified by an 
expert genitourinary radiologist, each with minimum of five 
years stability on followup; the latter group added to the bal-
ance distribution of cystic masses among the Bosniak catego-
ries (Fig. 1). Cystic masses were identified through a PACS and 

pathology database search for the term “Bosniak” between 
2010 and 2020. All masses were imaged with renal protocol 
computed tomography (CT) or magnetic resonance imaging 
(MRI). For patients with both CT and MRI, MRI was evaluated 
since MRI is known to result in a higher Bosniak class.6 A por-
tion of the study population has been evaluated previously;7 
however, the purpose of specifically comparing agreement 
between the two systems over time with and without use of 
a support calculator has not been previously studied. 

Three blinded, fellowship-trained abdominal radiologists 
(R2–R4, years of experience 5–8) independently assigned 
Bosniak.original class first and then Bosniak.v2019 class sec-
ond during one session. After a ≥2-month washout period, 
R2–R4 re-assigned Bosniak.original and Bosniak.v2019 class 
during a second session. Before the second session, radiolo-
gists were provided with a pictorial review of the Bosniak.
v2019 system, decision support flow diagrams,5 and an online 
support calculator developed for Bosniak.v2019 (bosniak-
calculator.herokuapp.com). The radiologists jointly trialed 
the calculator using five test cases in conjunction with R1. 
Inter-observer and intra-observer agreement were calculated 
using Cohen’s Kappa and agreement between Bosniak.origi-
nal and Bosniak.v2019 was also calculated for both sessions. 
Kappa values of 0–2.0 indicated slight agreement, 2.1–4.0 fair 
agreement, 4.1–6.0 moderate agreement, 6.1–8.0 substantial 
agreement, and 8.1–10.0 almost perfect agreement. 

Results

A summary of inter-observer and intra-observer agreement, 
using Bosniak.original and Bosniak.v2019 is provided in 
Table 1. In the first session, marginally higher moderate inter-
observer agreement was noted comparing Bosniak.v2019 
(K=0.44) to Bosniak.original (K=0.39). There was no change 
in inter-observer agreement comparing Bosniak.v2019 classifi-
cation with (K=0.42) or without the online calculator (K=0.44). 
Comparatively, inter-observer agreement for Bosniak.original 
decreased in the second session (K=0.25). Within-reader intra-
observer agreement was similar for both Bosniak.orginal and 
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Original vs. 2019 version of Bosniak classification of cystic renal masses

Bosniak.v2019 and within-reader level of agreement com-
paring class designation using Bosniak.original and Bosniak.
v2019 was also similar for both sessions (Table 2). 

Discussion

Bosniak.v2019 presents a major revision to the original 
Bosniak classification and aims, through rigorously defined 
imaging features and classes, to improve upon inter-observer 
agreement, which is a known limitation of Bosniak.original.1 
Studies to date have shown only a modest improvement in 
inter-observer agreement using Bosniak.v2019 or no differ-
ence.2-4 A challenge of Bosniak.v2019, compared to Bosniak.
original, is new definitions for existing imaging features, which 
theoretically should improve inter-observer agreement but 

may be difficult for inexperienced 
users. Online decision support 
tools are now available for many 
standardized radiological reporting 
systems. These calculators aim to 
improve uptake, ease, and fidelity 
of use or inter-observer agreement 
of reporting systems. We aimed 
to compare agreement between 
Bosniak.v2019 and Bosniak.origi-
nal and explore the impact of deci-
sion support aids. 

Our results indicate that Bosniak.
v2019 has higher inter-observer 
agreement compared to Bosniak.
original, though agreement was 
moderate. The difference was more 
pronounced during the second ses-
sion, where inter-observer agree-
ment for Bosniak.original dropped 
substantially.  The observation of 
improved stability in inter-observ-
er agreement when comparing 
Bosniak.v2019 to Bosniak.original 
is, to our knowledge, previously 
unreported. In our study, the use 
of an online calculator developed 
for Bosniak.v2019 did not improve 
inter-observer agreement among 
three radiologists. 

Studies evaluating the value of 
support calculators for radiology 
classification systems are lacking, 
despite their proliferation and pro-
motion by various groups. One 
study evaluating Prostate Imaging-
Reporting & Data System (PI-RADS) 
scoring with and without a calcula-

tor reported increased speed of reporting with no difference 
in diagnostic accuracy or inter-observer agreement.8 We simi-
larly showed no improvement in Bosniak.v2019 agreement 
when using a calculator. It is possible the calculator did not 
improve agreement in our study because its intended use is for 
inexperienced readers unfamiliar with Bosniak.v2019. Thus, 
the calculator may have limited impact on radiologists in our 
study, since they had already used Bosniak.v2019 in the first 
interpretation session. In our study, inter-observer agreement 
for Bosniak.original classification decreased substantially 
between sessions, which differed from Bosniak.v2019, where 
inter-observer agreement was stable. Intra-observer agreement 
was similar for both systems within readers and the degree 
of agreement between the two systems did not substantially 
change at either session for any reader. A moderate level of 

20 consecutive cystic masses assigned an original 
Bosniak class II and 20 consecutive cystic masses 

assigned an original Bosniak class IIF

669 masses identified through PACS1 search for terms 
“Bosniak” and “2F/IIF, 3/III and 4/IV” under search 

filters “CT” and “MRI”

573 excluded masses due to 
absent histopathological 

diagnosis

96 masses with 
histopathological diagnosis

23 masses excluded:

16 solid (≥25% enhancing) 
composition

1 underlying genetic 
syndrome

5 incomplete CT or MRI 
examinations

1 mass from CT that could 
not be assigned a Bosniak 
v2019 class, requiring MRI

15 consecutive original Bosniak class II 
and 15 consecutive original Bosniak 

class IIF cystic masses

73 cystic (≤25% enhancing) 
masses

103 cystic masses with both CT and MRI

10 masses excluded:

2 incomplete CT 
examinations

1 incomplete MR 
examination

2 downgrade to Bosniak 1

5 upgrade to Bosniak 3

Fig. 1. Flow diagram of patient inclusion for the current study. CT: computed tomography; MRI: magnetic resonance 
imaging.
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agreement using Bosniak classification has been reported 
previously using both the original and v2019 systems.3,9 This 
level of agreement is not optimal; however, implications on 
clinical care are not directly correlated to agreement. Yan et al 
recently demonstrated that disagreement in Bosniak classifica-
tion occurs mainly in class 2 vs. 2F and 2F vs. 3 masses.7 Since 
class 2, 2F, and increasingly many class 3 masses are managed 
with surveillance in modern urological practices, disagreement 
in Bosniak class may not directly impact management.10 

This study is limited by the combined use of both CT 
and MRI and assignment of Bosniak.original before Bosniak.
v2019 class during the same session, which may bias the 
outcome towards higher Bosniak.v2019 agreement. Our 
study population included an increased number of patho-
logically proven cystic renal masses, which is not reflective 
of the true prevalence of cystic masses in clinical practice, 
a consequence of a retrospective sample of cystic masses 
with adequate imaging reference standard. 

Conclusions

Bosniak.v2019 inter-observer agreement is improved com-
pared to Bosniak.original and levels of inter-observer agree-
ment are more stable with Bosniak.v2019 over serial inter-
pretation sessions but do not improve when using an online 
support calculator. 
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Table 1. Inter-observer and intra-observer agreement between 3 radiologists for Bosniak class assignment in 103 cystic renal 
masses

Inter-observer agreement

Interpretation session #1 Interpretation session #2  
(Using online calculator for Bosniak v2019)

Original Bosniak 
classification

Bosniak v2019 
classification

Original Bosniak 
classification

Bosniak v2019 
classification

Reader 2 vs. Reader 3 0.40 0.42 0.20 0.41

Reader 2 vs. Reader 4 0.42 0.48 0.34 0.40

Reader 3 vs. Reader 4 0.39 0.43 0.27 0.44

Overall 0.39 0.44 0.25 0.42

Intra-observer agreement

Original Bosniak classification Bosniak v2019 classification
Reader 2 0.43 0.42

Reader 3 0.38 0.38

Reader 4 0.66 0.55
Masses were imaged with CT and MRI. Radiologists evaluated each mass independently using the original Bosniak and Bosniak version 2019 classification with and without a Bosniak version 
2019 digital calculator support aid. CT: computed tomography; MRI: magnetic resonance imaging. 

Table 2. Agreement between 3 radiologists for Bosniak 
class assignment in 103 cystic renal masses

Interpretation session #1 Interpretation session #2
Reader 2 0.79 0.71

Reader 3 0.43 0.42

Reader 4 0.72 0.68
Masses were imaged with CT and MRI. Radiologists compared class assigned to each mass 
using the original Bosniak and Bosniak version 2019 classification systems. CT: computed 
tomography; MRI: magnetic resonance imaging.


