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Abstract

Resumo

The Bosniak classification for renal cysts was developed in the late 1980s in an attempt to standardize the description and management
of complex cystic renal lesions. Alterations were made to such a classification in the 1990s and, the last one, in 2005. Currently, five
categories of cystic renal lesions are defined - namely, I, Il, II-F, lll and IV —, according to their degree of complexity and likelihood of
malignancy. Despite being initially described for computed tomography, this classification has been also utilized with some advantages
also for magnetic resonance imaging. The present article reviews the different phases of this classification, its diagnostic efficacy and the
most controversial features of its use.
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A classificagao de Bosniak para cistos renais surgiu na década de 1980 para tentar padronizar a descricao e condutas em relacao as
lesbes renais cisticas complexas. Esta classificagdo sofreu alteragdes na década de 1990 e, a Ultima, em 2005. Atualmente, séo
definidas cinco categorias de lesoes cisticas renais — 1, Il, II-F, lll e IV —, de acordo com o grau de complexidade e maior probabilidade de
malignidade. Apesar de inicialmente ter sido descrita para a tomografia computadorizada, esta classificagéo é utilizada, com algumas
vantagens, também na ressonancia magnética. O presente artigo revisa as diferentes fases desta classificagéo, sua eficacia diagndstica

e 0s aspectos mais controversos de sua utilizagao.

Unitermos: Cistos renais; Bosniak; Tomografia computadorizada; Ressonancia magnética.

INTRODUCTION

With the disseminated use of imaging methods for the
investigation of abdominal diseases, the identification of in-
cidental findings whose management is not always easy or
consensual has become increasingly common. Complex re-
nal cysts are fully representative of such a situation.

In 1986 Morton Bosniak published a review article in
which he suggested a classification and further management
of cystic lesions of the kidneys based on findings on contrast-
enhanced computed tomography (CT)". The classification
was gradually adopted by imaging specialists and urologists,
and is currently a reference in the field (Figure 1).

However, in spite of the standardized description that
was suggested by Bosniak, there remained a subjective com-
ponent to the assessment of these lesions, in particular for
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distinguishing between minimally complex and benign le-
sions (Bosniak II) whose surgical approach is not manda-
tory, or complex and possibly malignant cysts (Bosniak I11),
for which surgical approach is recommended® . In order
to address this problem, a few years later Bosniak and his

I-F

Figure 1. lllustration demonstrates the main findings in the Bosniak classifica-
tion for renal cystic lesions. A: Category |. B and C: Category Il, hyperdense on B.
D: Category IIF. E: Category Ill. F: Category IV.
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collaborators suggested the introduction of a fifth category,
called II-F (“F” as follow-up), in his classification®®. The
classification would undergo another small change in 2005,
reaching its current format""”, which is shown in Table 1.
According to the current classification, lesions in category
correspond to simple cysts without septa or vegetations, with
thin and smooth walls, and no contrast enhancement after
the administration of intravenous contrast agents (Figure 2A).
Category Il includes cysts with thin septations, minimally
thick walls and fine parietal calcifications, and no contrast
enhancement after intravenous contrast agent injection (Fig-
ure 2A). Homogeneous hyperdense cysts < 3.0 cm are in-
cluded in this category. Lesions with irregular and/or thick
septa, with course calcifications, and clear enhancement af-
ter intravenous contrast injection are described as category
ITI (Figure 2B). Category IV is reserved for lesions with septa
or walls with well-defined solid components that demonstrate
contrast-enhancement after intravenous contrast injection
(Figure 2C). Category II-F corresponds to indeterminate
lesions with findings described on Table 1, which, although
not sufficient to indicate surgical exploration, suggest a slight
risk of malignancy (Figure 3).

VALIDATION AND CONTROVERSIES

Several studies, most retrospective, have evaluated the
effectiveness of the Bosniak classification'!!!>. A recent meta-
analysis that included nine studies with at least 30 cases
each'® showed that the inclusion of the category II-F led to
a reduction of the number of cases included in category I11
and, consequently, to a decrease in the number of surgical
exploration of benign lesions. The negative predictive value
of categories I and II remained the same"®. The percent-
age of malignant lesions in category I was 0%, 15.6% for
category II, 0% for category II-F, 65.3% for category III,
and 91.7% for category IV. The high frequency of malig-
nant lesions in category Il was driven by a single study in
which two lesions were classified as Bosniak IT and one was
malignant'". In another recent study, patients with cysts
classified as II-F and III were followed either until proved
stable or submitted to surgical resection!”. The frequency
of malignant lesions was 25% and 54% for categories 1I-F
and ITI, respectively. The authors have also observed that
previous history of malignant renal neoplasia, and coexist-
ence of malignant solid lesion, Bosniak category IV, or
multiple Bosniak III cysts represent risk factors and increase

Table 1—Imaging findings and Bosniak classification (adapted from references 1, 5, 6 and 9).

Type Imaging features without contrast

Contrast enhancement features

| Water density (0—20 HU), thin margins, sharp delineation with the renal parenchyma,

thin and smooth walls, homogeneous

Il Presence of one or few thin septations, small and fine calcifications; hyperdense

cysts measuring up to 3.0 cm (60-70 HU)

IIF More complex lesions which cannot be included in category Il or Ill. Multiple septa.

Walls or septa with nodular or irregular calcifications

No contrast enhancement

No contrast enhancement, or no measurable or perceptible enhan-
cement of septa

Absent, dubious or hair-like enhancement

Hyperdense cysts > 3.0 cm or with only 25% of their walls visible (exophytic)

I Thick-walled cystic lesion, septum irregularity and heterogeneous septum and wall

Wall or septum enhancement

and/or contents. Gross and irregular calcifications with measurable enhancement

\% Lesions with all the findings of category Ill, and solid component, soft parts, indepen-

dent of finding of wall or septa

Enhancement of wall and/or solid component(s)

Figure 2. A: Categories | and Il. Contrast-enhanced, axial CT section demonstrates a cyst with smooth and imperceptible walls, category |, and another with fine
calcifications on its walls (arrow), category Il, both without perceptible contrast-enhancement. B: Category lIl. Contrast-enhanced axial CT section demonstrates a cyst
with smooth walls and a thin septum with perceptible and measurable enhancement after intravenous contrast injection (arrow). C: Category IV. Contrast-enhanced axial
CT section demonstrates a mixed, thick-walled cystic-solid lesion with a solid component in the posterior wall (asterisk) that shows homogeneous enhancement after
intravenous contrast injection.
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the proportion of malignant lesions in cysts category III.
Except for one study, the review of the most relevant articles
(n> 30 patients) published until 2012 (Table 2) shows that
one should expect a very low frequency of malignancy in
category II-F.

The introduction of category II-F has allowed for a more
systematic approach to distinguish between categories Il and
I1T; however, there remains room for improvements, as find-
ings that define a cyst as II-F are not always clearly notice-
able. For example, in addition to being tenuous, the identi-
fication of enhancement in hair-like septa is subjective (Fig-
ure 3). It is widely known that experience and, mainly, the
correlation with surgical exploration and histopathological
findings improve the individual performance in the utiliza-
tion of the Bosniak classification.

The Bosniak classification suggests the necessity of fol-
low-up of lesions classified as II-F, but it does neither estab-
lish an interval for imaging repetition nor the total follow-
up duration period. This has led to distinctive approaches
reported in recent publications"*!>!7), Bosniak himself rec-

Table 2— Frequency of malignancy in cystic lesions, stratified by Bosniak
classification; studies with more than 30 patients.

Bosniak category

Study I I IIF Il v
Siegel et al.® 0/22 1/8 — 5/11 26/29
Koga et al.®V) 0/11 1/2 — 10/10 12/12
Israel et al.*®) — — 0/39 2/3 —
0'Malley et al.?? — — 0/81 27/33 —
Song et al.*® 0/3 3/26 0/3 21/38  32/37
Smith et al.®? — — 4/16  58/107 —

Figure 3. Bosniak II-F cyst. Contrast-enhanced CT image shows a partially exo-
phytic cyst with a fine septation inside. Subtle nodularity is observed in the sep-
tum, which has perceptible but not measurable contrast-enhancement (arrow).
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ognizes the presence of heterogeneity among lesions in cat-
egory II-F®) | some of which have lower risk of malignancy
and require short-term imaging follow-up every six months
for a two-year period; and others with more suspicious find-
ings that are likely to benefit from longer follow-up period
(up to four years) before being reclassified as category I, if
stable®°~22), In the authors’ experience, more suspicious le-
sions might be followed-up during the first year at shorter
intervals (three to four months), alternating ultrasonogra-
phy (US) and contrast-enhanced enhanced cross-sectional
imaging (CT and magnetic resonance imaging — MRI), and
every six months thereafter (Figure 4). In these instances,
the observation of changes in the internal architecture of the
complex cyst is equally or more important than the evalua-
tion of its growth.

UTILIZATION OF OTHER DIAGNOSTIC METHODS:
MRI AND US

MRI has been widely used in the evaluation of cystic le-
sions in kidneys and other organs, usually with better perfor-
mance than CT. In a study published in 2004, Bosniak recog-
nized that the method is appropriate for his classification®®.

MRI better demonstrates the presence of thin septa in
cystic lesions, in particular within cysts < 2.0 cm). Yet, be-
cause of artifacts inherent to MR imaging, septa in renal cystic
lesions may appear thicker than on CT (Figure 5). This may
lead to disagreements, and lesions classified as II or II-F on
CT might be classified as II-F or IIT on MRI®¥, Addition-
ally, less experienced observers tend to classify a higher
number of lesions as I1-F and ITI probably because of to the
higher tissue and contrast resolution provided by MRI, pos-
sibly leading to a higher number of surgical explorations of
benign lesions(?2).

The enhancement of thin septa, described as capillary
or hair-like enhancement, is much more conspicuous at MRI
than at CT, providing greater confidence in their detection
and for denying the absence of contrast-enhancement. This
fact, however, is unlikely to change management the vast
majority of lesions will be classified within category I1, rather
than I. Other advantage of MRI is the identification of con-
trast-enhancement of internal septa within hemorrhagic
cysts®?, The high density of blood hinders the perception
of contrast enhancement on CT, but subtraction techniques
on MR imaging can bypass this situation (Figure 5).

The use of ultrasound (US) in the Bosniak classifica-
tion has never been unquestionably accepted, as the detec-
tion of neovascularization in malignant lesions, indicated by
contrast enhancement of solid components, septa or walls,

26.27) However, it

is a fundamental part of the classification
is known that US may demonstrate internal septa better than
CT and even MRI. Accordingly, it has been suggested that
simple (Bosniak I) and minimally complex (Bosniak IT) cysts
may be followed with US only®.

Another potential advantage of US is its capacity of

defining the cystic or solid nature of the lesion. In some situ-
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Figure 4. Progression of a complex cystic
lesion. A: Contrast-enhanced CT. Initial
study shows a small hypodense cortical
lesion in the upper pole of the left kidney
(arrow). B: Contrast-enhanced CT image
acquired four months later. Despite the
significant enlargement of the lesion (ar-
row), it was classified as Bosniak II-F. Af-
ter another follow-up scan that demon-
strated further increase in dimensions, the
lesion was resected and a clear cell renal
cell carcinoma was diagnosed.

Figure 5. Evaluation of contrast enhancement at CT and MRI. A: Pre- and post-contrast, axial CT sections shows complex cyst with irregular walls and gross, parietal
calcifications in the central region of the lesion. No defined enhancement is observed within the lesion. B: Post-gadolinium axial T1-weighted image with subtraction
technique. Observe the nodular, irregular enhancement (arrow) adjacent to the calcifications. The lesion was reclassified as Bosniak IV and confirmed to be malignant.

ations, the characterization of remarkably hypovascular le-
sions may be difficult on CT (Figure 6). The papillary re-
nal cell carcinoma is an example of such tumors®” and its
diagnosis may be difficult if the change in density between
pre- and post-contrast phases approaches pseudoenhancement
values (around 20 HU at 64-channel MDCT, and 10 HU at
16-channel MDCT)®?. In addition to their hypovascular
nature, papillary tumors present cystic degeneration with a
frequency similar to the clear cell variant.

Although not used to classify renal cystic lesions accord-
ing to the Bosniak criteria, US can accurately indicate their
degree of complexity and is an excellent method for the ini-
tial evaluation of patients with renal cystic lesions (Figure 7).

NEW PROSPECTS

Recent studies have demonstrated that the use of intra-
venous sonographic contrast agent may allow for the detec-
tion of enhancement in complex cystic lesions, even in cases
of very thin septa (hair-like enhancement), with an accuracy
superior to CT®Y, Limitations of such a technique include
low reproducibility of the method, US operator dependence,

Radiol Bras. 2014 Nov/Dez;47(6):368-373

and the cost of the contrast agent four times higher than the
value of the iodinated contrast agent, a difference that might
increase in cases of multiple cysts requiring repeated con-
trast injections.

Other techniques have been employed in an attempt to
improve the characterization of complex renal cystic lesions.
Among them, diffusion-weighted MRI has attracted more
attention. The method allows for indirect evaluation of the
cellularity of neoplasms, and in complex cystic lesions, re-
stricted diffusion in solid components was shown to have a
high positive predictive value for cancer®*3% (Figure 8).

In summary, the Bosniak classification has allowed for
the standardization of the description and management of
renal cystic lesions. Initially described for CT, the classifi-
cation is now used with some advantages with MRI. The
introduction of the intermediate category II-F has created
conditions to reduce the number benign lesions treated with
surgery. Although not utilized to determine the Bosniak clas-
sification, ultrasound remains as an excellent method for
detecting and defining the complexity of cystic lesions.
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Figure 6. Value of ultrasonography. A,B: Axial CT sections shows homogeneously hypodense, exophytic, circumscribed lesion (asterisks) in the middle third of the left
kidney, with questionable contrast enhancement (18 HU difference). C: Cross sectional US clearly demonstrates a solid lesion (asterisk) with some areas of sound
beam attenuation. Papillary carcinoma was confirmed after surgical resection.

Figure 7. Ultrasonography. A: Sono-
graphic section of the left kidney shows
a cystic lesion with multiple septa inside,
one of them with signal on color Dop-
pler study (arrow). B: Contrast-enhanced
axial MDCT section shows irregular sep-
tal enhancement. While not used to cat-
egorize lesions according to the Bosniak
classification, the findings on US trig-
gered further investigating and the lesion
was confirmed to be a clear cell carci-
noma.

Figure 8. MRI and diffusion-weighted imaging (DWI). A: Axial T2-weighted image shows the presence of septa and solid contents on the anterior wall of the lesion
(arrow). B,C: DWI and ADC mapping of the same lesion shows areas of water motion restriction identified as foci of high signal intensity at DWI and low signal on the
ADC map (arrows). Note the significant difference favoring MRI in the characterization of complex cysts content. Clear cell renal cystic carcinoma was confirmed after
resection
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