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Iconographic Essay

Bosniak classification of renal cystic lesions according
to multidetector computed tomography findings*

Classificação de Bosniak das lesões císticas renais segundo achados na tomografia computadorizada
multidetectores
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Abstract

Resumo

Renal cystic lesions are usually diagnosed in the radiologists’ practice and therefore their characterization is crucial to determine the clinical

approach to be adopted and prognosis. The Bosniak classification based on computed tomography findings has allowed for standardization

and categorization of lesions in increasing order of malignancy (I, II, IIF, III and IV) in a simple and accurate way. The present iconographic

essay developed with multidetector computed tomography images of selected cases from the archives of the authors’ institution, is aimed

at describing imaging findings that can help in the diagnosis of renal cysts.
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As lesões renais císticas são diagnósticos frequentes na prática do médico radiologista, sendo sua caracterização fundamental na deter-

minação da conduta e prognóstico. A classificação de Bosniak permitiu, por meio de tomografia computadorizada, uniformizar e catego-

rizar tais lesões em ordem crescente de malignidade (I, II, IIF, III e IV), sendo esta avaliação realizada de maneira simples e precisa. Este

ensaio iconográfico realizado com tomografia computadorizada multidetectores, de casos selecionados dos arquivos do nosso serviço,

tem como objetivo demonstrar achados de imagem que possam auxiliar no reconhecimento dos principais aspectos diagnósticos dos

cistos renais.

Unitermos: Classificação de Bosniak; Cistos renais; Tomografia computadorizada multidetectores.
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Renal cysts can be easily identified by means of diag-

nostic imaging methods and in many cases it is not neces-

sary to resource to histopathological analysis(4). However,

complex renal cysts or those with solid components may be

found, requiring a more detailed characterization to allow

the determination of differential diagnoses and, consequently,

of the corresponding therapeutic approach and prognostic

evaluation(1,7–9).

Because of such a necessity, Bosniak, in 1986(4), devel-

oped a classification system based on computed tomogra-

phy (CT) imaging criteria allowing for the analysis of renal

cysts’ contour and contents, presence of septations and/or cal-

cifications, and enhancement after contrast agent injection.

By means of such a classification system, renal lesions

can be categorized in increasing order of malignancy(1,4,9),

as follows: simple (I); minimally complicated (II); minimally

complicated requiring follow-up (IIF); indeterminate (III);

or cystic neoplasm (IV).

The present pictorial essay is aimed at demonstrating,

by means of multidetector computed tomography (MDCT),

the main imaging findings of renal cysts, according to the

Bosniak classification.

CATEGORY I

Simple renal cysts represent the greatest majority of re-

nal lesions detected by imaging methods. Such lesions are
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INTRODUCTION

Because of their asymptomatic characteristic and non

specificity of their clinical repercussions, renal lesions in gen-

eral are incidentally diagnosed at images or necropsy(1–3).

According to the literature, cystic lesions represent the most

common findings in the radiologists’ daily practice(2,4) and

it is believed that they are acquired lesions, considering that

their incidence and prevalence is related to risk factors such

as aging, male sex, presence of nephrolithiasis, smoking

habit, hypertension and renal dysfunction(5,6).
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characterized by their homogeneous content with fluid at-

tenuation (0–20 UH), regular contour and a clear interface

between the latter the renal parenchyma. Neither septations,

nor calcifications, nor enhancement are observed after in-

travenous contrast agent injection(8,9) (Figure 1). They are

easily identifiable by means of ultrasonography (US) where

they are characterized as thin walled lesions with anechoic

contents(10).

As such lesions are characterized by an appropriate tech-

nique, they are always benign with no chance of malignancy,

and do not require further investigation(8–10).

CATEGORY II

Like those classified as category I, cystic lesions classi-

fied as category II are also considered benign, but with a mini-

mally complicated appearance. Such lesions may present with

thin septations, thickness < 1 mm (Figure 2), besides small

(1–2 mm), linear, parietal or septal calcifications(9–15).

Also in this category, hyperattenuating cysts are ob-

served (attenuation coefficient > 20 UH), being initially

described as cysts with higher attenuation coefficient than

the renal parenchyma (typically 40–90 UH) in the absence

of contrast injection, and with no contrast enhancement as

contrast agent is administered(1,4,9,16). A hyperdense cyst is

categorized as II IF its diameter is < 3 cm, and partially

exophytic, allowing a better evaluation of the wall thick-

ness(9,14) (Figure 3).

In spite of being considered benign lesions(10,12), there

are reports in the literature about rare renal lesions classi-

fied into category II, and identified as malignant and poten-

tially malignant according anatomopathological analysis. In

such cases, it is possible that the lesions’ characteristics have

not been completely described, impairing an appropriate clas-

sification of the lesions. Also, other extremely rare cases of

renal cell carcinomas on the walls of benign cysts are included

in this context(9,17–20).

Thus, the differentiation of more complex lesions from

those classified as (non surgical) category II makes the di-

agnosis more difficult, with greater interobserver variation,

although it is extremely important since the prognosis and

therapeutic approach to be adopted are different in such

cases(1,10,11,14,21).

Figure 2. Bosniak category II. MDCT images, axial (A) and coronal (B) reconstructions demonstrating the presence of a cystic lesion with thin septation inside (arrow

on A). Minimally complicated cyst.

Figure 1. Bosniak category I. MDCT image, sagittal reconstruction demonstrat-

ing the presence of homogeneous cystic lesions with fluid attenuation, without

calcifications, septations or enhancement after intravenous contrast injection.

Simple cyst. Note the presence of a major lesion (arrow) located in the superior

renal pole.
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CATEGORY IIF

In 1993, Bosniak reviewed his original classification to

include category IIF(8,21,22) for a group of minimally com-

plicated cysts which do not fulfill the characteristics required

to be included in category III, but are more complex than

those included in category II. Their differentiation is sub-

jective and difficult, with great interobserver variability, but

it is essential, considering the different therapeutic ap-

proaches(1,8,9,11–13,22–24).

Such lesions may present with multiple thin or slightly

thickened septations (Figures 4 and 5), minimally thickened

walls and regular contour. Enhancement may be observed

after intravenous contrast injection, but the cystic content is

not enhanced(9,11–13,22,23,25). Completely intrarenal hyperdense

cysts larger than 3 cm with regular walls are also included

in this category(9,13,22,25).

These lesions may present with thick nodular calcifica-

tions (Figure 5) and irregular contours, increasing in vol-

ume with time, without indicating malignancy(12,13,22,23,25).

Israel et al.(12) have demonstrated that all the lesions classi-

fied as category IIF presented calcifications, but also had their

greatest concentrations. In some cases, because of the high

number of such calcifications, the visualization of contrast en-

hancement may be difficult, so the use of images subtraction

is suggested for differentiation between categories IIF and

III(12). Unfortunately, septations and wall thickening can-

not be quantified to change a cyst category from II to IIF(22).

Lesions classified as category IIF are primarily benign,

but their complexity requires serial follow-up (“F” for fol-

Figure 3. Bosniak category II. MDCT images, coronal (A) and axial (B) reconstructions identifying a round-shaped, hyperattenuating lesion (64 UH density) measuring

about 1.0 cm, possibly corresponding to a hemorrhagic cyst or to a cyst with high protein content (arrows). Minimally complicated cyst. Also, note the presence of

simple cysts. Bosniak category I.

Figure 4. Bosniak category IIF. MDCT, coronal (A), axial (B) and sagittal (C) reconstructions demonstrating the presence of a right renal cystic lesion with parietal

thickening (arrow on B) and a thin septum (arrow on C). Minimally complicated cyst requiring follow-up.
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low-up) to rule out (or not) the presence of malignancy(9,22–

25). The appropriate follow-up time for determining IF a

lesion is really benign is still to be established(9,22,23) and

varies in the literature. Some authors report the beginning

of the follow-up 6 months after the initial evaluation, in as-

sociation with an annual routine for a minimum of 5

years(9,22), while others support a follow-up at 3, 6 and 12

months after the initial evaluation, in association with an

annual routine(26). Such a radiological follow-up has shown

to be a safe strategy, avoiding surgical intervention in 95%

of cases(9,10,23).

Combined US and magnetic resonance imaging (MRI)

should be considered in the follow-up of these patients, par-

ticularly for those under the age of 50, to reduce the exposi-

tion of such patients to radiation along the years(23). A le-

sion category IIF which does not present increase or mor-

phological alterations is probably benign, despite the fact

that the lesion growth rate is not taken into consideration in

the Bosniak classification, and the radiologist should evalu-

ate principally the morphological alterations(9).

CATEGORY III

Such lesions constitute really indeterminate renal find-

ings, with a wide variety of aspects whose differentiation

between malignant and benign cannot be reliably made by

imaging methods. They present wall thickening and contrast-

enhanced, irregular and thick septations, either with or with-

out calcifications(9,13) (Figures 6 and 7), and may be dem-

onstrated as multilocular cysts (whose walls present with lin-

ear fibrosis), hemorrhagic or infected cysts, multilocular

cystic nephromas (containing blastemas cells), or cystic re-

nal cell carcinomas. Therefore, there is a significant risk for

malignancy(1,9,11,12,23).

The introduction of the category IIF covering benign

lesions that were previously classified as category III results

in a higher percentage of malignant lesions, since probably

benign lesions previously considered as category III are now

classified as category IIF and duly undergo follow-up(9). In

case of doubt as regards classification, the lesion should be

considered as category III, thus avoiding underdiagnosis of

malignant lesions.

Figure 6. Bosniak category III. MDCT images axial (A), coronal (B) and sagittal (C) reconstructions identifying a cystic lesion in the left kidney, with thin septum and

septal calcifications (arrows on B). Indeterminate cyst.

Figure 5. Bosniak category IIF. MDCT images, sagittal (A), axial (B) and coronal (C) reconstructions demonstrating the presence of a cystic lesion in the right kidney,

with nodular, parietal calcifications. Minimally complicated cyst requiring follow-up.
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The prevalence of malignancy among resected lesions

classified as category III ranges from 31% to 100%(9,24), while

other studies report a rate of malignancy between 40% and

60%(10). Such variations are due to the way the radiologist

establishes the category, to the philosophy and preferential

practice of the urologist who is treating the patient with in-

determinate lesions(9).

Nowadays it is possible to undertake a serial follow-up

of such lesions with safety, provided soft parts components

are not present. In case a septum or wall become thickened

or irregular with no sign of growth of soft parts component,

or simulation of soft parts component by the septum, the le-

sion should be considered as III (or IV), thus being surgi-

cally approached(9,11,12,22,26).

The option for an evaluation by means of percutaneous

puncture is still seen with scepticism(26). In the case of pa-

tients presenting a complex renal cyst with enhanced thick-

ened and irregular walls, besides a history or findings (even

remotely) suggestive of infection, or trauma resulting, for

example, from a previous puncture, needle biopsy will be

indicated(1).

CATEGORY IV

Lesions in this category are cystic neoplasms which may

present imaging findings similar to those of category III (wall

thickening or gross and nodular septal thickening), but con-

trast-enhanced solid components are still observed adjacent

to the lesion wall or septa(1,9) (Figures 8 and 9). Until proven

otherwise, such lesions are considered renal cell cancer with

eminently surgical indication, since they are malignant in

95–100% of cases(9,10).

Occasionally, the differentiation between lesions in cat-

egories III and IV may be difficult, but it is not essential since

both categories require surgery, despite the difference in the

operative approach(10,13).

CONCLUSION

The Bosniak classification is a practical and accurate

method to evaluate renal cystic lesions, also limiting the

number of patients wrongly diagnosed with complex lesions

and submitted to unnecessary surgeries. Because of the high

prevalence of these lesions, radiologists and urologists must

be familiar with their existence, imaging findings and pos-

sible associated complications in order to identify and clas-

sify them in their daily practice, allowing the establishment

of the therapeutic approach.

In spite of the fact that the Bosniak classification was

based on CT findings, the same approach can be established

on the basis of MRI that is capable of identifying character-

istics which otherwise are not identifiable at CT. However,

such evaluations by different imaging methods may not be

clearly correlated. MRI does not demonstrate calcifications,

but can demonstrate some parietal or septal thickenings which

cannot be seen at CT, resulting in an upgrade in the classi-

fication for malignancy(1,13).

US is another imaging method that is widely utilized

for initial assessment of renal lesions, since it is a low cost

and easily accessible method that does not require ionizing

Figure 7. Bosniak category III. MDCT images, axial (A,B,C,E) and coronal (D,B) demonstrating a hyperattenuating mass in the left kidney, with peripheral Gross

calcifications (arrow on E). Indeterminate cyst.
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Figure 8. Bosniak category IV. MDCT images,

sagittal (A,D) and axial (B,C) reconstructions dem-

onstrating a cystic lesion with gross and nodular

parietal thickening.

Figure 9. Bosniak category IV. MDCT images,

sagittal (A,B) and axial (C,D) reconstructions dem-

onstrating lobulated cystic lesions with contrast-

enhanced, thickened septa.
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radiation and use of intravenous contrast agents(27). Its main

characteristic is the identification of focal parenchymal le-

sions, classifying them into: simple cysts, solid or indeter-

minate (cystic but not simple) mass(10,27). The inaccuracy

of this method for the Bosniak classification is principally

due to the absence of contrast material, considering that the

enhancement of the solid components of a cyst is a crucial

factor(25). However, studies report the utilization of contrast-

enhanced harmonic US with a diagnostic capability similar

to that of MDCT, also suggesting its utilization for those

patients requiring follow-up with lower degree of exposure

to radiation(25).
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