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Abstract
Renal cysts are common incidental findings in clinical practice. Most renal cysts detected in medical imaging are benign simple cysts.
However, some are complicated by hemorrhage or infection or are associated with calcification. In these instances, difficulties can be
encountered distinguishing the complicated cysts from cystic renal tumors such as cystic renal cell carcinoma, multilocular cystic nephroma, and
mixed epithelial and stromal tumors. The Bosniak classification is widely used to categorize cystic renal lesions but is used to classify those
discovered via computed tomography. Ultrasonography (US) and color Doppler US are the most frequently used imaging techniques for
abdominal surveys and long-term follow-up because of their noninvasiveness, relatively low cost, wide availability, and frequently, lack of
contrast medium. Herein, we review the features of various cystic lesions of the kidney that can be found using US, discuss differential diagnoses
using US, and propose a feature-oriented algorithmic approach to classifying renal cystic lesions using US.
Copyright © 2018, the Chinese Medical Association. Published by Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Because of its noninvasiveness, relatively low cost, and
wide availability, renal ultrasonography (US) has become one
of the most commonly used medical imaging techniques in
patients presenting with suspicious renal disease. Although it
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is less sensitive than computed tomography (CT) in detecting
a renal mass, it can be used in differentiating a simple, benign
renal cyst from a complex cyst or a solid tumor.1 Renal cysts
are common incidental findings during clinical practice. Most
renal cysts are benign simple cysts and can be ignored.2 It has
been estimated that the incidence of simple renal cysts is
about 50% in people older than 50 years and about 60% in
those older than 60 years.2 However, some benign renal cysts
may be complicated by hemorrhage or infection or are
associated with calcification.2 These can be difficult to
differentiate from cystic renal tumors such as cystic renal cell
carcinoma (RCC), multilocular cystic nephroma, and mixed
epithelial and stromal tumors (MESTs). Ultrasonography
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Fig. 1. A 49-year-old woman with a simple cyst. Gray-scale ultrasonography

shows a renal cyst (arrow) with a hairline-thin wall and anechoic content

without septa, calcifications, or solid components, representing a Bosniak

Category I lesion.

Fig. 2. Complex renal cysts: (A) A 47-year-old man with a complex renal cyst.

Ultrasonography shows a renal cyst (arrow) with fine calcifications (arrow-

head) in a short segment of the septa, representing a Bosniak Category II

lesion. (B) A 39-year-old man with complex renal cyst. Ultrasonography

shows a renal cyst (arrows) with a thick nodular calcification (arrowhead),

representing a Bosniak Category IIF lesion.
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accompanied by color Doppler US (CDU) is the most
frequently used imaging technique for abdominal surveys and
long-term follow-up.3,4 Therefore, it is important that all
clinical specialists involved in abdominal US be aware of the
features of cystic renal lesions that can be distinguished with
this technique. With this review, we will illustrate the features
of various cystic lesions of the kidney that can be revealed via
US. We will then propose an algorithm for using these fea-
tures to separate cystic lesions that can be ignored and left
alone (Bosniak Categories I and II) or followed (Bosniak
Category IIF) from those requiring contrast-enhanced US or
CT and/or magnetic resonance imaging (MRI) (Bosniak
Categories III and IV).

2. Ultrasonography techniques

The operator should select the greatest proper frequency
transducer. The practical range for broad-band frequency in
general abdomen and renal studies is between 2 and 5 MHz
in adults. In children aged less than around 18 months, a
6e12 MHz probe is preferred, but for older children, better
images are obtained using a 3.5e5 MHz probe. Color and
power Doppler techniques are useful adjuncts to the exam-
ination because vascularity within a nodule or septum
greatly increases the likelihood of malignancy. Real-time
compound US is one of the more important advances
introduced in this technology. The principle of compound
scanning is used to combine slices obtained from various
spatial orientations, generating an improved sonographic
image, delineated margins, reduced image artifacts and
noise, and enhanced image contrast. Tissue harmonic im-
aging can reduce unwanted background noise, eliminating
low-level echoes within an otherwise simple cystic lesion.
Schmidt et al. reported that using pulse inversion harmonic
imaging increased the accuracy of classifying renal cystic
lesions from 64% to 84%.5 Recent reports suggest that
harmonic US performed with second-generation contrast
agents reveal promising perspectives in the diagnosis of
renal cystic lesions.6 Quaia et al. and Park et al. found that
contrast-enhanced US was better than unenhanced US or CT
in diagnosing malignancy in complex cystic renal masses.7,8

Contrast-enhanced US is a valuable alternative to CT in
assessing complex cystic or solid renal lesions where
iodinated CT contrast or gadolinium is inappropriate.9 The
compression elastography technique, also called the static
elastography technique, provides a qualitative strain map of
the organ by comparing an image recorded before
compression with one recorded after compression. This
technique is inadequate for renal tissue stiffness assessments
because for one thing, the kidneys are usually located deep
in the body and therefore do not easily allow direct access
for applying external compression. For another thing, no
normal tissue is available for comparing with abnormal tis-
sues in the kidney. Therefore, an absolute stiffness assess-
ment of the tissue must be attained using newer elasticity
techniques such as acoustic radiation force imaging (ARFI);
quasi-static elastography does not provide quantitative data.
Although ARFI can be used for differentiating benign le-
sions from malignant renal tumors, it can be effectively
applied only to solid masses, excluding its utility for cystic
or partially cystic renal masses.10e12



Fig. 3. Complex renal cysts: (A) A 67-year-old woman with a complex renal cyst. Ultrasonography shows a renal cyst with a hairline-thin septum (arrow),

representing a Bosniak Category II lesion. (B) A 45-year-old woman with a complex renal cyst. Ultrasonography shows a renal cyst (arrows) with multiple hairline-

thin septa, representing a Bosniak Category IIF lesion. (C) An 81-year-old man with a complex renal cyst. Ultrasonography shows a renal cyst (arrows) with

irregular thickening of the septa and calcification (arrowhead), representing a Bosniak Category III lesion.
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3. Bosniak classification of renal cystic lesions

The Bosniak classification categorizes renal cysts into
Category I, II, IIF, III, or IV.2
3.1. Bosniak Category I
Bosniak Category I indicates a simple renal cyst with a
hairline-thin wall and anechoic content without septa, calcifica-
tions, or solid components. ACategory I renal cyst can be ignored
(Fig. 1).
Fig. 4. A unilocular renal cystic lesion with internal echoes. An 8-year-old boy

with an infected renal cyst. Ultrasonography shows a renal cystic lesion (ar-

rows) with a thickened irregular wall and weak internal echoes, representing a

Bosniak Category III lesion. Fluid aspiration yielded a pus component.
3.2. Bosniak Category II
Category II indicates a complex renal cyst with fine
calcifications in a short segment of the wall or septa
(Fig. 2A), single or few hairline-thin (<2 mm thick) septa,
or smooth septa (Fig. 3A). A Category II renal cyst can also
be ignored.
3.3. Bosniak Category IIF
A renal cyst that has a 5%e15% probability of malignancy
is classified as Category IIF.13e18 They are not complicated
Fig. 5. A unilocular renal cystic lesion with internal echoes. A 62-year-old

man with a hemorrhagic cyst. Ultrasonography shows a renal cystic lesion

(arrows) with a relatively thickened irregular wall and internal echoes, rep-

resenting a Bosniak Category III lesion.



Fig. 6. A unilocular renal cystic lesion with internal echoes. An 18-year-old

man with trauma history. (A) Ultrasonography (US) show a hypoechoic zone

with a liquefied fluid space caused by an old injury to the right kidney (ar-

rows). (B) Color Doppler US shows no evidence of increased vascularity,

representing a Bosniak Category IIF lesion.

Fig. 7. A multilocular cystic mass in a 21-year-old male. (A) Ultrasonography show

septa, representing a Bosniak Category III lesion. (B) Poor vascularity of the mul

resonance imaging shows a multilocular cystic tumor in the left kidney (arrows).
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enough to fall into Category III, but are too complicated to fall
into Category II.19 They can contain irregular or nodular cal-
cifications but without soft tissue components (Fig. 2B) or can
have multiple hairline-thin septa but without wall thickening
(Fig. 3B). They are probably benign, but need to be followed.
Initially, follow-up studies at 6 months and 1 year succeeded
by 3- to 5-year follow-ups are generally recommended.
Nevertheless, a Category IIF mass that exhibits no growth or
morphologic change after 5 years is likely benign.13 It should
be emphasized that growth rate is not a feature of the Bosniak
cyst classification. Benign renal cysts grow, sometimes
rapidly. Conversely, malignant lesions can grow slowly.20

Therefore, when following cystic renal lesions, the radiolo-
gist should examine the lesion for morphologic change (e.g.,
septa becoming thicker or more nodular). Overall growth and
lesion size are less important.21
3.4. Bosniak Category III
A Category III renal cyst bears a 50%e70% risk of ma-
lignancy.15,16,22 It can have a thickened irregular wall or septa
(Fig. 3C), but no enhancing solid lesions are present. It is
further classified into one of two subtypes based on the pres-
ence of septa as a unilocular or multilocular cystic mass.

Unilocular cystic lesions include RCCs (clear cell or
papillary) showing the unilocular cystic pattern (from intrinsic
cystic growth or massive tumor necrosis) and benign compli-
cated cysts with complex features resulting from infection
(Fig. 4), hemorrhage (Fig. 5), or other causes such as trauma
(Fig. 6), renal surgery, or a percutaneous procedure. They are
s a mutiloculated renal cystic lesion (arrows) with a lobulated contour and thick

tilocular renal cystic lesion on a color Doppler image (arrows). (C) Magnetic

The lesion turned out to be a multilocular cystic nephroma.
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smooth or slightly irregular and can be associated with grossly
thickened (S 2 mm) walls. Thick or irregular calcification can
be present.

Multilocular cystic masses are consistent with multilocular
cystic neoplasms including malignant (clear cell RCC with a
multilocular cystic growth pattern or multilocular cystic renal
neoplasm of low malignant potential) and benign tumors (e.g.,
cystic nephroma [Fig. 7] and cystic MESTs [Fig. 8]).19 They
are encapsulated cystic masses that contain numerous thick-
ened smooth or slightly irregular septa and uniform smooth or
slightly irregular wall thickenings. The cyst wall and septa are
grossly thickened (S 2 mm). Thick or irregular calcifications
can be present.
3.5. Bosniak Category IV
Category IV cysts are inevitably malignant and must be
surgically excised. They can exhibit features similar to those
seen in Category III lesions including multilocular and uni-
locular patterns, but they also demonstrate solid components
with vascularity or enhancements (Figs. 9 and 10).
Fig. 8. A 39-year-old female with a mixed epithelial and stromal tumor. (A)

Ultrasonography shows a mutiloculated renal cystic lesion (arrows) with a

lobulated contour and thick septa. (B) Poor vascularity in a multilocular renal

cystic lesion, representing a Bosniak Category III lesion.
4. A systematic approach for characterization of renal
cystic lesions (algorithm)

A systematic approach should be applied to initially iden-
tify unilocular and multilocular cysts (Figs. 7 and 8). In uni-
locular cysts, those with solid components will fall into
Category III or IV (Fig. 9), then contrast-enhanced US, CT, or
MRI should be arranged. For those without solid components,
calcification patterns and septa or wall thickening should be
interpreted next.

Renal cysts without calcifications, septa, or wall thick-
enings shall be classified into Category I. Category II cysts
have fine calcifications in short segments or slightly thick-
ened calcifications on the cystic wall (Fig. 2A), whereas
Category IIF lesions have thick or nodular calcifications
(Fig. 2B). Calcifications that are greater in number or size do
not warrant upgrade to anything above Category IIF unless
solid soft tissues appear.23,24 Therefore, calcification does
not affect the differentiation between masses that are in
Categories IIF and III.

Category II lesions have regular and hairline-thin septa
(Fig. 3A). Category IIF lesions have smoothed multiple
hairline-thin septa (Fig. 3B). Warren and McFarlane suggest
that if the wall or septa thickness exceeds 1 mm, it is a sign of
malignancy.23,25 However, other authors suggest that walls or
septa of “more than hair-line thin” thicknesses favor malig-
nancy.2,13 Accurate measures are difficult to obtain; some
interindividual or intraindividual differences in measurements
can be found.23,25 A unilocular cyst with slightly irregular and
grossly thickened (S 2 mm) septa (Fig. 3C) falls into Cate-
gory III, and contrast-enhanced US, CT, or MRI is required.
Wall thickening in cystic lesions can also be seen in hemor-
rhagic cysts, infected cysts, or abscesses (Figs. 4e6). Some-
times it is difficult to differentiate cysts from tumors using US;
therefore, patient history is important for the differential
diagnosis and follow-up or intervention is needed.

Multilocular cysts separated from the normal renal paren-
chyma and lacking solid components can be classified into
Category IIF. Contrast-enhanced US, CT, or MRI is required
when cysts have solid components.26,27

A multilocular Category III cyst (Figs. 7 and 8) is an
encapsulated cystic mass containing numerous thickened
smooth or slightly irregular septa and uniform smooth or
slightly irregular wall thickening. The cyst wall and septa are
grossly thickened (S 2 mm), but vascularity in soft tissue
components is not enhanced or increased. If it is, the cyst will
be classified into Category IV (Fig. 9).2 Multilocular cystic
renal masses with lobulated contours but no soft tissue com-
ponents (Fig. 7) shall be classified into Category III.

5. Unilocular cystic lesions
5.1. Infected cysts
Untreated or inadequately treated acute pyelonephritis
can lead to the formation of an infected cyst or abscess
(Fig. 4). Ultrasonography will show a thick-walled, hypoechoic



Fig. 9. A 58-year-old perimenopausal woman with a mixed epithelial and stromal tumor. (A) Gray-scale ultrasonography (US) shows a renal cyst lesion

(arrowhead) containing a soft tissue component (arrows). (B) Color Doppler US shows minimally increased color flow signals in the soft tissue component

(arrows), representing a Bosniak Category IV lesion. (C) Contrast-enhanced computed tomography (CT) image in the corticomedullary phase and CT nephrogram

phase. (D) A minimally enhanced soft tissue component in the lesion (arrows) with cystic components (arrowheads).

Fig. 10. A 51-year-old man with a renal cystic tumor. (A) and (B) Ultrasonography (US) shows a renal cyst lesion (arrows) containing a soft tissue component and

thickened septa, but equivocal color Doppler ultrasonography, representing a Bosniak Category III or IV lesion. (C) Contrast-enhanced US shows enhancement.

(D) Contrast-enhanced computed tomography at the nephrogram phase shows septal enhancement (arrows). Renal cell carcinoma was diagnosed based on contrast-

enhanced US and confirmed upon surgical pathologic evaluation.
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complex mass with internal mobile debris and, on occasion,
septations. Infected cysts are difficult to distinguish from other
Category IIF and III cystic masses. The clinical history of the
patient can help differentiate between infected cystic masses
and cystic neoplasms. These infected cysts must be followed
up with an US study after antibiotic treatment or drainage.28
5.2. Hemorrhagic cysts
Hemorrhagic cysts can have various appearances and can
be classified into Category II, III, or IV. Hemorrhagic cysts
with irregular walls or septal thickenings are classified into
Category III (Fig. 5); they are the most common benign le-
sions among the surgically-removed Category III masses.23,29

Hemorrhagic cysts with contrast-enhancing soft tissue in the
cystic walls or lumen are classified into Category IV.23 Either
CT or MRI can easily differentiate hemorrhagic cysts from
other malignant tumors using high density or high signal
change on the T1-weighted image.
5.3. Renal artery aneurysm
Fig. 11. A 41-year-old female with a renal artery aneurysm. (A) Gray-scale

ultrasonography shows a cystic lesion (arrows) associated with small mural

calcifications (arrowheads). (B) Color Doppler imaging shows color flow

signals (appearing like a yin-yang sign) within the cystic lesion (arrows).
Renal artery aneurysms are saccular or fusiform dilations of
the renal artery or one of its branches. The incidence of renal
artery aneurysm is 0.09%e0.3%.30,31 Etiology can be
congenital, inflammatory, traumatic, atherosclerotic, or related
to fibromuscular disease. If large (>2.5 cm), noncalcified, or
associated with pregnancy, the possibility of rupture increases,
and treatment is recommended. On a gray-scale US image, a
cystic mass can be seen. Adding either duplex or color
Doppler imaging readily demonstrates arterial flow within the
cystic mass30 (Fig. 11).

6. Multilocular cystic lesions

When a cystic lesion has more than three or four septa, it
should be considered a multilocular cyst. Contrast-enhancing
US was found to be useful for evaluating cystic renal masses
using Bosniak classifications, and it was superior to CT in
terms of detecting additional septa and the thickness of walls
and/or septa.7,8 Multilocular cystic lesions of the kidney
include multilocular cystic nephroma (MLCN), multilocular
cystic RCCs, and MESTs.32
6.1. Multilocular cystic nephroma
In MLCN, US will show a multilocular cystic mass with
hairline-thin septa. Peripheral and curivilinear calcifications
and irregular borders can be present (Fig. 7). It is difficult to
differentiate MLCN from multilocular cystic RCC using US.
Therefore, multilocular cystic masses are classified into Bor-
niak Category III, and a biopsy or excision is suggested. Color
Doppler ultrasonography shows cystic lesions with poor
vascularity (Fig. 7B). Contrast-enhanced imaging studies of
MLCN show poor enhancement within the septa.23 Central
sinus and renal pelvis extensions can be found in MLCN.33
6.2. Mixed epithelial and stromal tumors
First defined in 1988, MESTs are benign cystic renal tu-
mors. They are characterized by a biphasic proliferation of the
epithelium and stroma cells.34 These tumors always occur in
perimenopausal women and are closely related to hormonal
status.35 Malignant transformation, recurrence, and metastasis
rarely occur in MESTs. However, a few recent cases of MEST
with metastasis have been reported in the literature.36e38 In
one case, translocation t (1; 19) was described in a gene
study.39 Ultrasonography will show cystic lesions with septa,
calcifications, and solid components (Fig. 9), rendering clas-
sification into Borniak Category III or IV. It is difficult to
distinguish MESTs from other cystic renal masses in image
studies; therefore, biopsy or excision is suggested.
6.3. Multilocular cystic renal cell carcinoma
Multilocular cystic RCC is a cystic mass with internal
septations, nodules, and possibly calcifications (Fig. 10).
Nodular and septal enhancements in cystic tumors are highly
sensitive for differentiation between RCC and MLCN. Renal
cortex extension can be found in cystic RCC.32

7. Multiple renal cysts
7.1. Polycystic kidney disease
Autosomal dominant polycystic kidney disease (ADPKD),
also known as adult PKD, is an inherited renal disease in
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which multiple or numerous cysts of variable size develop in
the kidneys bilaterally. On US, they are seen as multiple round
or oval smoothly-walled cysts of varying size. They are
separated by normal renal parenchyma (Fig. 12). Cysts pre-
senting with hemorrhage or infection will have thick walls,
internal echoes, and debris in the fluid.30 Small wall calcifi-
cations or a calcium milk is commonly seen inside the cysts.
The prevalence of RCC is higher in patients with ADPKD
under dialysis; therefore, ADPKD cysts should be classified
into Category IIF.
7.2. Localized cystic disease
Localized cystic disease of the kidney is an uncommon
benign condition that can be confused with PKD or simple
renal cysts. In a study of 18 patients without family histories of
PKD, the age at diagnosis ranged from 24 to 83 years
(average, 54 years).40 Imaging studies revealed multiple cysts
of various sizes separated by normal or atrophic parenchyma
Fig. 12. A 26- year-old female with polycystic kidney disease, where both

kidneys are enlarged. The right kidney measures 13 cm; the left kidney 16 cm.

(A) A coronal scan of the right kidney shows cystic lesions. (B) A coronal scan

of the left kidney depicts numerous cysts of various sizes, some of which have

calcified spots or a calcium milk. The cysts are separated by normal renal

parenchyma.
in one kidney (Fig. 13). In contrast to PKD, localized cystic
disease is neither bilateral nor progressive, and in contrast to
simple renal cysts, it is often symptomatic (hematuria, flank
pain, or abdominal mass).

In conclusion, sometimes, clear-cut differentiations be-
tween Categories IIF and III are not as obvious as those be-
tween other categories. Herein, we proposed an algorithm for
classifying renal cystic lesions (Fig. 14A and B). Contrast-
enhanced US can be superior to unenhanced US or CT in
diagnosing malignancy in complex cystic renal masses using
features such as the presence of septa, thickenings in walls
and/or septa, and solid components.7,8 Using contrast-
enhanced US when evaluating renal cystic lesions is
becoming more common partly because attempts are being
made to decrease radiation exposure in the general population
and also because in brings additional information to renal
lesion evaluations.

Imaging-guided percutaneous core needle biopsies of
indeterminate complex cystic renal masses (Category III)
are more controversial. Biopsies of these complicated cystic
Fig. 13. An 85-year-old male with localized cystic disease. (A) Normal right

kidney. (B) Multiple cysts in the left kidney separated by normal renal

parenchyma.
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lesions are not as reliable and successful as those for solid
masses because they provide less tissue to sample. A bi-
opsy that is negative for malignancy necessitates follow-up
studies to ensure the lesion is truly benign. Biopsies for
Category III lesions are of value in select cases (e.g., to
avoid surgery in a patient who is a poor surgical candidate
and when an infected cyst or abscess might be present).
However, biopsy should not be used when imaging studies
are inadequate or incomplete or when patients have Cate-
gory IIF cystic lesions.41

References

1. Curry NS. Small renal masses (lesions smaller than 3 cm): imaging

evaluation and management. AJR Am J Roentgenol 1995;164:355e62.

2. Bosniak MA. The current radiological approach to renal cysts. Radiology

1986;158:1e10.

3. Nicolau C, Bunesch L, Sebastia C. Renal complex cysts in adults:

contrast-enhanced ultrasound. Abdom Imag 2011;36:742e52.
4. Meola M, Petrucci I, Giovannini L, Colombini E, Villa A. Ultrasound and

color Doppler imaging for kidney and urinary tract tumors. G Ital Nefrol

2012;29:452e66 [In Italian, English abstract].

5. Schmidt T, Hohl C, Haage P, Blaum M, Honnef D, Weibeta C, et al.

Diagnostic accuracy of phase-inversion tissue harmonic imaging versus

fundamental B-mode sonography in the evaluation of focal lesions of the

kidney. AJR Am J Roentgenol 2003;180:1639e47.

6. Ascenti G, Mazziotti S, Zimbaro G, Settineri N, Magno C, Melloni D,

et al. Complex cystic renal masses: characterization with contrast-

enhanced US. Radiology 2007;243:158e65.

7. Quaia E, Bertolotto M, Cioffi V, Rossi A, Baratella E, Pizzolato R, et al.

Comparison of contrast-enhanced sonography with unenhanced sonogra-

phy and contrast-enhanced CT in the diagnosis of malignancy in complex

cystic renal masses. AJR Am J Roentgenol 2008;191:1239e49.

8. Park BK, Kim B, Kim SH, Ko K, Lee HM, Choi HY. Assessment of cystic

renal masses based on Bosniak classification: comparison of CT and

contrast-enhanced US. Eur J Radiol 2007;61:310e4.
9. Oon SF, Foley RW, Quinn D, Quinlan DM, Gibney RG. Contrast-

enhanced ultrasound of the kidney: a single-institution experience. Ir J

Med Sci 2017. https://doi.org/10.1007/s11845-017-1725-6.

10. Lu Q, Wen JX, Huang BJ, Xue LY, Wang WP. Virtual Touch quantification

using acoustic radiation force impulse (ARFI) technology for the

http://refhub.elsevier.com/S1726-4901(18)30174-6/sref1
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref1
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref1
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref2
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref2
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref2
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref3
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref3
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref3
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref4
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref4
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref4
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref4
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref5
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref5
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref5
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref5
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref5
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref6
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref6
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref6
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref6
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref7
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref7
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref7
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref7
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref7
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref8
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref8
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref8
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref8
https://doi.org/10.1007/s11845-017-1725-6
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref10
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref10


1026 S.-Y. Tay et al. / Journal of the Chinese Medical Association 81 (2018) 1017e1026
evaluation of focal solid renal lesions: preliminary findings. Clin Radiol

2015;70:1376e81.

11. Guo LH, Liu BJ, Xu HX, Liu C, Sun LP, Zhang YF, et al. Acoustic ra-

diation force impulse elastography in differentiating renal solid masses: a

preliminary experience. Int J Clin Exp Pathol 2014;7:7469e76.
12. Goya C, Daggulli M, Hamidi C, Yavuz A, Hattapoglu S,

Cetincakmak MG, et al. The role of quantitative measurement by acoustic

radiation force impulse imaging in differentiating benign renal lesions

from malignant renal tumours. La Radiologia Medica 2015;120:296e303.

13. Israel GM, Bosniak MA. Follow-up CT of moderately complex cystic

lesions of the kidney (Bosniak category IIF). AJR Am J Roentgenol 2003;

181:627e33.

14. O'Malley RL, Godoy G, Hecht EM, Stifelman MD, Taneja SS. Bosniak

category IIF designation and surgery for complex renal cysts. J Urol 2009;

182:1091e5.

15. Smith AD, Remer EM, Cox KL, Lieber ML, Allen BC, Shah SN, et al.

Bosniak category IIF and III cystic renal lesions: outcomes and associa-

tions. Radiology 2012;262:152e60.

16. El-Mokadem I, Budak M, Pillai S, Lang S, Doull R, Goodman C,

et al. Progression, interobserver agreement, and malignancy rate in

complex renal cysts (SBosniak category IIF). Urol Oncol 2014;32:

24.e21e7.

17. Hindman NM, Hecht EM, Bosniak MA. Follow-up for Bosniak category

2F cystic renal lesions. Radiology 2014;272:757e66.

18. Hwang JH, Lee CK, Yu HS, Cho KS, Choi YD, Ham WS. Clinical

Outcomes of Bosniak Category IIF complex renal cysts in Korean pa-

tients. Kor J Urol 2012;53:386e90.
19. Helenon O, Delavaud C, Dbjay J, Gregory J, Rasouli N, Correas JM.

A practical approach to indeterminate and cystic renal masses. Semin

Ultrasound CT MR 2017;38:10e27.
20. Volpe A, Panzarella T, Rendon RA, Haider MA, Kondylis FI, Jewett MA.

The natural history of incidentally detected small renal masses. Cancer

2004;100:738e45.

21. Silverman SG, Israel GM, Herts BR, Richie JP. Management of the

incidental renal mass. Radiology 2008;249:16e31.

22. Weibl P, Klatte T, Kollarik B, Waldert M, Schuller G, Geryk B, et al.

Interpersonal variability and present diagnostic dilemmas in Bosniak

classification system. Scand J Urol Nephrol 2011;45:239e44.
23. Park BK, Kim CK, Kim EY. Differentiation of Bosniak categories IIF and

III cystic masses: what radiologists should know. J Comput Assist Tomogr

2010;34:847e54.

24. Israel GM, Bosniak MA. Calcification in cystic renal masses: is it

important in diagnosis? Radiology 2003;226:47e52.

25. Warren KS, McFarlane J. The Bosniak classification of renal cystic

masses. BJU Int 2005;95:939e42.
26. Chu LC, Hruban RH, Horton KM, Fishman EK. Mixed epithelial and

stromal tumor of the kidney: radiologic-pathologic correlation. Radio-

graphics 2010;30:1541e51.

27. Greco F, Faiella E, Santucci D, Lisi D, Vullo GL, Zobel BB, et al. Ul-

trasound imaging of cystic nephroma. J Kidney Cancer VHL 2017;4:1e9.
28. Hartman DS, Choyke PL, Hartman MS. From the RSNA refresher cour-

ses: a practical approach to the cystic renal mass. Radiographics 2004;

24(Suppl. 1):S101e15.
29. Prando A. Incidence of malignancy in complex cystic renal masses

(Bosniak category III): should imaging-guided biopsy precede surgery?

Int Braz J Urol 2003;29:175e6.

30. Carol M. Diagnostic ultrasound. 4th ed., vol. 1. Philadelphia: Mosby;

2011. p. 317e91.

31. Fleshner NE, Johnston KW. Repair of an autotransplant renal artery aneu-

rysm: case report and literature review. J Urol 1992;148(2 Pt 1):389e91.

32. Freire M, Remer EM. Clinical and radiologic features of cystic renal

masses. AJR Am J Roentgenol 2009;192:1367e72.

33. Omar AM, Khattak AQ, Lee JA. Cystic renal cell carcinoma arising from

multilocular cystic nephroma of the same kidney. Int Braz J Urol 2006;32:

187e9.

34. Yoshida S, Nakagomi K, Goto S, Ozawa T. Cystic hamartoma of the renal

pelvis. Int J Urol 2004;11:653e5.

35. Park HS, Kim SH, Paik JH, Hwang SI, Jung SI, Choi YH. Benign mixed

epithelial and stromal tumor of the kidney: imaging findings. J Comput

Assist Tomogr 2005;29:786e9.

36. Arriola AGP, Taylor BL, Ma S, Malkowicz SB, Lal P. Malignant mixed

epithelial and stromal tumor of the kidney with 2 simultaneous renal

carcinomas in a male patient: case report and review of the literature. Int J

Surg Pathol 2018;26:56e63.

37. Ozluk Y, Sari SO, Guzel NT, Firat P, Akbulut F, Kilicaslan I. Mixed

epithelial and stromal tumor of the kidney with sarcomatous trans-

formation metastatic to the lung. A case report. Anal Quant Cytopathol

Histpathol 2015;37:199e205.

38. Sukov WR, Cheville JC, Lager DJ, Lewin JR, Sebo TJ, Lewin M. Ma-

lignant mixed epithelial and stromal tumor of the kidney with rhabdoid

features: report of a case including immunohistochemical, molecular ge-

netic studies and comparison to morphologically similar renal tumors.

Hum Pathol 2007;38:1432e7.
39. Mohanty SK, Parwani AV. Mixed epithelial and stromal tumors of the

kidney: an overview. Arch Pathol Lab Med 2009;133:1483e6.

40. Slywotzky CM, Bosniak MA. Localized cystic disease of the kidney. AJR

Am J Roentgenol 2001;176:843e9.
41. Bosniak MA. The Bosniak renal cyst classification: 25 years later. Radi-

ology 2012;262:781e5.

http://refhub.elsevier.com/S1726-4901(18)30174-6/sref10
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref10
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref10
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref11
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref11
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref11
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref11
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref12
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref12
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref12
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref12
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref12
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref13
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref13
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref13
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref13
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref14
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref14
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref14
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref14
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref15
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref15
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref15
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref15
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref16
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref16
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref16
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref16
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref16
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref17
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref17
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref17
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref18
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref18
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref18
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref18
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref19
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref19
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref19
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref19
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref20
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref20
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref20
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref20
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref21
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref21
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref21
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref22
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref22
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref22
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref22
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref23
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref23
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref23
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref23
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref24
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref24
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref24
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref25
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref25
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref25
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref26
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref26
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref26
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref26
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref27
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref27
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref27
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref28
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref28
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref28
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref28
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref29
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref29
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref29
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref29
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref30
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref30
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref30
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref31
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref31
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref31
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref32
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref32
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref32
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref33
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref33
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref33
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref33
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref34
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref34
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref34
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref35
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref35
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref35
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref35
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref36
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref36
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref36
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref36
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref36
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref37
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref37
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref37
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref37
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref37
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref38
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref38
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref38
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref38
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref38
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref38
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref39
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref39
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref39
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref40
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref40
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref40
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref41
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref41
http://refhub.elsevier.com/S1726-4901(18)30174-6/sref41

	Characterization and management of various renal cystic lesions by sonographic features
	1. Introduction
	2. Ultrasonography techniques
	3. Bosniak classification of renal cystic lesions
	3.1. Bosniak Category I
	3.2. Bosniak Category II
	3.3. Bosniak Category IIF
	3.4. Bosniak Category III
	3.5. Bosniak Category IV

	4. A systematic approach for characterization of renal cystic lesions (algorithm)
	5. Unilocular cystic lesions
	5.1. Infected cysts
	5.2. Hemorrhagic cysts
	5.3. Renal artery aneurysm

	6. Multilocular cystic lesions
	6.1. Multilocular cystic nephroma
	6.2. Mixed epithelial and stromal tumors
	6.3. Multilocular cystic renal cell carcinoma

	7. Multiple renal cysts
	7.1. Polycystic kidney disease
	7.2. Localized cystic disease

	References


