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Abstract
Background—Presence of a few renal cysts are considered of little relevance in healthy adults,
though acquired renal cystic disease occurs in advanced kidney failure. The objective of this study
was to detail renal cystic and solid lesions and to identify any association with clinical
characteristics.

Study Design—Clinical-pathological correlation

Setting & Participants—Potential kidney donors undergoing a standardized evaluation at the
Mayo Clinic from 2000 to 2008.

Predictors—Age, kidney function, and chronic kidney disease risk factors

Measurements—Renal cystic and solid lesions by contrast-enhanced computed tomographic
images
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Outcomes—Cyst number, diameter, and location

Results—After excluding 8 with cystic disease, 7 of whom had ADPKD, there were 1948
potential kidney donors (42% men; mean age, 43 years). A cortical, medullary or parapelvic cyst
≥5 mm was present in 12, 14 or 2.8%. For ages 19 to 49 y, 39%, 22%, 7.9%, and 1.6% had a
cortical or medullary cyst ≥ 2, 5, 10, and 20 mm in diameter. For ages 50 to 75 y, 63%, 43%,
22%, and 7.8% had a cortical or medullary cyst ≥ 2, 5, 10, and 20 mm in diameter. The 97.5th

percentile for number of cortical and medullary cysts ≥5 mm increased with age (10 for men and 4
for women in the 60–69 y group). After age-sex-adjustment, cortical and medullary cysts ≥5 mm
associated with higher 24-h urine albumin excretion, as well as increased body surface area,
hypertension, and higher GFR in some analyses. Angiomyolipomas, hyperdense cysts, and
enhancing masses or cysts with concerning features for malignancy occurred in 2.2%, 1.2%, and
0.6% and associated with older age (p≤0.05 for each).

Limitations—Persons with known chronic kidney disease were excluded

Conclusions—Renal cysts are common, particularly in older men, and may be a marker of early
kidney injury since they associate with albuminuria, hypertension, and hyperfiltration.
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Simple renal cysts are common, typically asymptomatic, and usually considered to be of
little clinical relevance. The primary clinical concern centers on the diagnosis of various
forms of polycystic kidney disease or cystic renal cell cancer. Renal cysts are common in the
kidneys of persons with advanced chronic kidney disease,(1) but whether they associate with
early forms of kidney disease is uncertain. The systematic study of simple renal cysts and
their comorbid associations has been limited to clinical populations of small sample size and
most have relied on sonographic imaging.(2–4) Contrast-enhanced computed tomographic
(CT) imaging is superior to ultrasound since it has higher resolution to detect small cysts,
can distinguish cortical, medullary and parapelvic cysts, and can detect vascular
enhancement in malignant cysts. To our knowledge, there has been no systematic study of
renal cysts by contrast-enhanced CT scan in a population not selected on the presence of
disease.

Due to concerns regarding radiation, intravenous contrast toxicity, and expense, general
population studies of the kidneys by contrast enhanced CT scan are not available. However,
potential kidney donors offer an opportunity to systematically study renal cysts by CT scan
in a relatively healthy population. Potential kidney donors undergo a contrast enhanced CT
scan specifically to characterize the kidney and renal vascular anatomy as well as to detect
occult pathology that may preclude donation. We have previously reported that 25% of
potential kidney donors have a kidney or renal artery abnormality reported by a dedicated
kidney radiologist.(5) However, renal cysts are generally not characterized in detail on a
standard radiology report. Therefore, we re-examined a large series of contrast enhanced CT
scans in order to 1) characterize renal cystic and solid lesions with regard to size, location,
internal characteristics, and malignant features, and 2) assess for an association of renal
cysts with kidney function, blood pressure, and other clinical characteristics.

METHODS
Population

A series of 1957 consecutive potential kidney donors scanned between 2000 and 2008 at the
Mayo Clinic in Rochester, Minnesota with research authorization in accordance with
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Minnesota law were studied.(5) CT exams (pre-scheduled as part of the donor evaluation)
were re-examined specifically for presence and characteristics of renal cysts and tumors.
Electronic charts were abstracted for clinical and laboratory findings at the time of the donor
evaluation.

Multidetector CT (MDCT) examination
From 2000 to 2005, all CT exams were acquired on the same 4-channel MDCT scanner
(Qxi, GE Medical Systems, Milwaukee, WI) with a modified table top, which permitted the
acquisition of both axial CT images and traditional film-screen urograms (6). From 2005 to
2008, all kidney donor CT evaluations were obtained on a 64-channel MDCT scanner
(Sensation 64, Siemens Medical Solutions). Item S1 (available as online supplementary
material) gives details on the imaging protocol.

CT scan review
All of the CT images were initially reviewed by board-certified radiologists with expertise in
genitourinary imaging and the reported findings have been previously described.(5) Since
renal cysts were not reported, or when reported lacked sufficient detail, all CT scan images
were re-examined by a radiologist (K.S.) to count and characterize all cystic renal lesions. A
cystic lesion was defined as a sharply defined non-enhancing hypodense circular or nearly
circular region.(7) The smallest detectable cystic lesion was defined as 2 mm based on the
acquisition parameters of the CT exams. For each patient with cystic lesions we determined:
maximum transverse diameter, side (left or right), polarity (upper, middle, or lower) and
parenchymal location (cortical, medulla, or parapelvic/renal sinus), wall outline (smooth or
irregular) and thickness (in mm), presence and number of septa, calcification, and soft tissue
enhancement. Any thickened smooth, thickened irregular, or enhancement of septa were
identified. Any fine, slightly thickened, or thick nodular calcifications were identified.
Hyperdense cysts without enhancement, fat containing angiomyolipomas (attenuation of
−10 HU or less), and enhancing masses were also characterized by number, diameter, and
location.

A second radiologist (T.J.V.) re-examined all CT scan images where 4 or more cysts were
documented by the first radiologist. This included a recount of the number of cysts and
remeasurement of the diameter of largest cyst. The number of cortical and medullary cysts
with a diameter ≥2 mm, ≥ 5 mm, ≥10 mm, and ≥20 mm were counted in each kidney. The
angiographic phase images distinguished cortical from medullary cysts. The number of
parapelvic cysts (cysts located in the renal sinus of lymphatic origin) in each kidney and the
diameter of the largest parapelvic cyst were also assessed. Complex cysts were identified
using the Bosniak classification assessing for risk of malignancy of the cystic lesion based
on enhancement, septa, and calcification.(8) The highest Bosniak category for the cysts
among donors with any cysts was identified. Among 167 donors with 4 or more cysts
(excluding those with innumerable cysts), the interobserver correlation between the two
radiologists was 0.89 for the total number of cysts and 0.92 for the diameter of the largest
cyst.

Clinical characteristics
A diagnosis of autosomal dominant polycystic kidney disease (ADPKD) was identified from
the CT scan reports and confirmed to meet the following criteria: family history of ADPKD
with CT-detected cysts which in the radiologist’s opinion would be detectable by ultrasound
meeting Ravine’s criteria (9) or cystic disease with bilateral renal enlargement typical for
ADPKD in the absence of findings suggesting another cystic disease. The electronic medical
record was reviewed to capture age, sex, race, height, weight, blood pressure, 24-h urinary
albumin excretion, measured glomerular filtration rate (GFR) by iothalamate clearance, and
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serum creatinine. Body mass index (BMI) and body surface area (BSA) were calculated
from height and weight.(10) Obesity was defined by a BMI >30 kg/m2. Estimated GFR was
not used since serum creatinine based equations are inaccurate in donor populations,(11)
though analyses with serum creatinine were adjusted for age and sex. Hypertension was
defined by use of antihypertensive therapy for high blood pressure or a systolic blood
pressure >140 mmHg or a diastolic blood pressure >90 mmHg at the initial evaluation. A
familial relationship between the potential donor and a recipient with ADPKD was
identified.

Statistical analysis
The number, size, and location of renal cystic lesions were compared by demographics,
body size, blood pressure, and kidney function. To assess these associations with age-sex-
adjustment, logistic regression was used to predict the presence of any cyst and linear
regression was used to predict the diameter of the largest cyst among donors with any cyst
(cyst diameter was log-transformed for homoscedasticity). Multivariable models assessed
for independence among characteristics that associated with cysts after age-sex-adjustment.
The 97.5th percentile for number of cysts by each age group was calculated by determining
the rank ordered value at rank = 0.975 (n + 1) where n is the sample size of the age group. If
this calculated rank was not an integer, the value was linearly interpolated from the rank
ordered values above and below. All statistical analyses were performed using JMP, version
8.02 (SAS Institute, www.jmp.com).

RESULTS
Among 1957 potential kidney donors with CT scan reports, 1956 had images that could be
identified and re-examined. There were 7 donors diagnosed with ADPKD based on renal
cyst characteristics (number of cysts ranging from 26 to innumerable). Six of the seven
donors with ADPKD were related to a recipient with ADPKD and met the Ravine’s criteria,
while the seventh patient had more than 50 cysts in each kidney with an appearance
consistent with ADPKD despite no family history of ADPKD. There was one other donor
with innumerable tiny cysts likely from lithium-induced microcystic disease.(12)

After excluding these 8 donors with cystic diseases, 1948 were left for further analysis.
Table 1 describes the clinical characteristics and Table 2 describes the cortical and
medullary cysts both tables stratifed by age group (18–49 y and 50–75 y). The older age
group was more likely to have cysts and their cysts were more numerous and wider in
diameter. The increase in cyst prevalence from the younger to older age groups was stronger
for cortical cysts ≥ 5 mm (12% vs 33%, p<0.001) than medullary cysts ≥ 5 mm (12% vs
17%, p=0.007). Men compared to women were more likely to have cortical cysts ≥ 5 mm
(23% vs 15%, p<0.001), but a gender difference in medullary cysts ≥ 5 mm was less clear
(15% vs 13%, p=0.09) Cortical or medullary cysts ≥ 5 mm were equally likely in the left
versus right kidney (17% vs 16%, p=0.5 by McNemar’s Test). The prevalence of a cortical
or medullary cyst ≥ 5 mm did not differ between the 5% of donors related to a recipient with
ADPKD versus those who were not (33% vs 28%, p=0.4). Further, findings were not
substantively different after excluding these donors with a family history of ADPKD (data
not shown).

Table 2 also characterizes angiomyolipomas, hyperdense cysts, and cysts or masses with
concerning features for malignancy. These were all more prevalent in the older age group.
Among persons with any cortical cyst ≥ 5 mm, 41% had a septa in a cortical cyst and among
persons with any medullary cyst ≥ 5 mm, 36% had a septa in a medullary cyst. By the
Bosniak criteria,(8) only 3 of donors had a concerning cyst (Category IIF, III, or IV); two
underwent surgical resection that confirmed renal cell cancer and the third was managed
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elsewhere. Enhancing masses were found in 9 donors, and after surgical resection 3 were
confirmed renal cell cancers, one was a papillary adenoma, and one was an angiomyolipoma
(the remaining 4 were managed elsewhere). Older age associated with enhancing masses or
concerning cysts (OR per decade, 1.9; p=0.01), hyperdense cysts (OR per decade, 1.4;
p=0.05), and angiomyolipomas (OR per decade, 1.4; p=0.01).

Associations between clinical characteristics and presence of cortical or medullary cysts at
different diameter thresholds (2, 5, 10, and 20 mm) are shown in Table 3. The presence and
number of cysts ≥ 5 mm was strongly associated with older age (Figure 1) and male gender.
After age-sex-adjustment, urine albumin excretion was associated with the presence of any
cyst ≥ 2 mm, ≥ 5 mm, ≥ 10 mm, or ≥20 mm. There was evidence that higher blood
pressure, hypertension, higher GFR, and lower serum creatinine levels associated with cyst
presence, but this was not consistent across all analyses. The association of any cyst ≥ 10
mm with age (OR per decade, 1.8; p<0.001), male gender (OR, 2.4; p<0.001), BSA (OR per
1-SD, 1.2; p=0.04), hypertension (OR, 1.5; p=0.06), 24-h urine albumin excretion (OR per
doubling, 1.1; p=0.007), and serum creatinine (OR per 1-SD, 0.8; p=0.009) all persisted in a
multivariable model. Conversely, the presence of very small cysts alone (2–4 mm) was not
statistically significantly associated with age (OR per decade, 1.1; p=0.1), male gender (OR,
1.0; p=0.9), or 24-h urine albumin excretion (OR per doubling, 1.0; p=0.9) and had the
opposite association with BSA (OR per 1-SD, 0.7; p<0.001, hypertension (OR, 0.7; p=0.06)
and serum creatinine (OR per 1-SD, 1.2; p=0.008) in a multivariable model.

Table 4 compares these same clinical characteristics with the presence of any cyst in the
cortex and in the medulla, as well as with the diameter of the largest cyst in each location.
After age-sex-adjustment, higher urine albumin excretion was associated with both cortical
cysts and medullary cysts. Medullary cysts associated with higher measured GFR and lower
serum creatinine. Higher BSA or BMI was associated with larger cysts in both the cortex
and the medulla. Gender associations with cortical cyst diameter (14% larger in men, p=0.1)
and medullary cyst diameter (2.5% larger in men, p=0.7) were substantially attenuated after
adjusting for BSA in multivariable models. However, the higher likelihood of a cortical or
medullary cyst in men did not change substantively with adjustment for BSA. The
magnitude of association between largest cortical cyst diameter with diastolic BP per SD
(6.1% difference, p=0.08) and with 24-h urine albumin excretion (4.0% difference, p=0.07)
were not substantially changed in a multivariable model.

Table 5 presents the upper limit (97.5 percentile) by age and gender groups for the number
of cortical and medullary cysts ≥ 5 mm in both kidneys and in the kidney with the most
cysts. There were 20 donors whose number of cysts exceeded these thresholds; one was
related to a recipient with ADPKD, but did not meet the Ravine criteria. In 7 of these
potential donors, the presence of these cysts specifically prevented donation, though a
definitive diagnosis ADPKD was not made. Urine albumin excretion was higher in these 20
donors compared to the other donors (median values of 11 vs 5 mg/24 h; p<0.001 by the
Rank-Sums Test). There were no statistically significant differences in the age, gender,
BSA, BMI, systolic or diastolic blood pressure, treated hypertension, GFR, or serum
creatinine between these two groups (p>0.1 for all).

Parapelvic cysts (3.0%) were less common than cortical and medullary cysts, but the largest
parapelvic cyst had a mean ± SD diameter of 26 ± 13 mm. This was wider than seen with the
mean diameter of the largest cortical or medullary cyst (Table 2). Among the 58 donors with
parapelvic cysts, 41% had 1 cyst, 26% had 2 to 5 cysts, 21% had 6 to 10 cysts, and 12% had
11 or more parapelvic cysts. Bilateral parapelvic cysts were present in 15 (21%). Parapelvic
cysts were less likely to contain internal septa (16% of donors with parapelvic cysts) than
was seen with cortical or medullary cysts. Table 6 describes the clinical characteristics that
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associate with parapelvic cysts, including age, male gender, and BSA. Unlike cortical and
medullary cysts, the presence of parapelvic cysts did not associate with urine albumin
excretion.

DISCUSSION
Renal cysts are common and rarely have concerning features for malignancy. Older age and
male gender are associated with renal cysts, but more strongly with cortical cysts than with
medullary cysts. A renal cyst in the cortex or medulla ≥5 mm may be a marker of early
kidney injury given the association with albuminuria, hyperfiltration, and hypertension in
relatively healthy adults. This is further supported by similar associations with cyst size
among those with cysts. Kidney function may associate more with cyst growth than cyst
development since these same associations are not evident for 2–4 mm cysts. Conversely,
parapelvic cysts do not associate with kidney function and hence do not appear to be
markers of kidney injury. This is consistent with their lymphatic origin(13) in contrast to the
tubular origin of cortical and medullary cysts.(14)

The age- and gender-specific 97.5th percentile threshold for number of cortical and
medullary cysts ≥ 5 mm may be a useful tool for future studies on the relevance of cysts.
Donors whose number of cysts exceeded these thresholds had a median 24-h urine albumin
excretion of 11 mg compared to 5 mg for other donors. Notably, a spot urine albumin
excretion of 10–29 mg/g is associated with a higher risk of mortality than <10 mg/g.(15)
Further work is needed to determine the clinical relevance of these cyst thresholds, their
pathogenic origin, and whether they provide independent prognostic information. Since
these cyst thresholds associate with albuminuria, they may identify patients at increased risk
for developing CKD. They may also help identify patients that should be monitored more
closely for ADPKD in the absence of a family history for ADPKD. It was recently shown
that some PKD mutations do not inactivate the gene, but result in hypomorphic alleles with
incomplete penetrance.(16, 17) Individuals with two hypomorphic alleles in trans have
severe ADPKD, whereas individuals with only one hypomorphic allele have a much milder
phenotype, with only a few cysts, which may be interpreted as benign simple cysts of
limited clinical significance. We cannot rule out the possibility that some potential donors
with an elevated number of cysts could indeed have a mild form of ADPKD.

The threshold for detection and the size of cysts was dependent on body size for cortical,
medullary, and parapelvic cysts. Smaller BSA and BMI were associated with more detection
of 2–4 mm cysts. This likely reflects decreased detection of small hypovascular lesions by
MDCT when more tissue surrounds the kidneys.(18) Ironically, having only very small cysts
may reflect a state of improved health because peri-renal obesity likely interferes with the
detection of these cysts. Individuals with smaller BSA may also have less cyst growth than
persons with higher BSA. The finding that a larger BSA was associated with detection of
cortical and medullary cysts >10 mm as well as increased cyst diameter for both cortical and
medullary cysts supports this hypothesis. Body surface area is the strongest correlate of
kidney size,(19) and larger kidneys may form larger cysts. Men were both more likely to
have cysts and to have larger cysts than women. The larger cyst size in men than women
was mostly explained by gender differences in BSA, however the higher prevalence in men
of cysts ≥5 mm was not entirely explained by gender differences in BSA, suggesting
pathways associated with gender but independent of body size also contribute.

This study found the prevalence of cysts was strongly dependent on the threshold for cyst
diameter ranging from 47% for ≥ 2 mm to 3.5% for ≥ 20 mm. This is consistent with
previous prevalence estimates of 11% by ultrasound,(20) and 27 to 65% with higher
resolution magnetic resonance imaging and CT scan studies.(21–23) Further, this study
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uniquely characterizes the prevalence of cysts in the cortex, medulla, and renal sinus
(parapelvic) where the origin and relevance of the cysts may differ. This study also describes
the prevalence of angiomyolipomas, hyperdense cysts, and enhancing masses or cysts with
concerning features for malignancy (Bosniak Category IIF, III, or IV). Hyperdense cysts are
likely due to hemorrhage, but occasionally are malignant.(24, 25) Some have advocated
radiographic surveillance of Bosniak Category II cysts (cysts with thin septa or hyperdense
cysts),(25) but given the overall prevalence of 15% in this healthy population a more
granular classification would be needed.

Several other studies have explored the relationship of renal cysts with CKD and CKD risk
factors. Among patients presenting for routine health-care, sonographic renal cysts
associated with older age, male gender, hypertension, but not GFR or dipstick proteinuria.
(2) A similar ultrasound study found older age, male gender, dipstick proteinuria, elevated
serum creatinine, and smoking to associate with presence of cysts.(20) Among hospitalized
patients, renal cysts by contrast computed tomography (CT) were associated with older age,
male gender, reduced GFR, but not hypertension or dipstick proteinuria.(3) Similar to our
study, other investigators have found large cysts to be more strongly associated with
hypertension than are small cysts.(4) We further found renal cysts to associate with
increased GFR (hyperfiltration) and with urine albumin excretion at levels that would have
been missed by urine dipstick. The exclusion of overt CKD in the potential donor population
may explain associations with increased GFR since hyperfiltration may precede a
subsequent GFR decline.

Potential kidney donors are selected from the general population on apparent health not
disease. Therefore, the associations revealed by this study may be even stronger in the
general population where overt kidney disease was not excluded. A prospective study could
better represent the general population, but concerns regarding radiation exposure and use of
radiocontrast would be potential barriers.

In conclusion, this study details the characteristics of renal cysts in healthy adults. Older age,
male gender, larger body size, hypertension, urine albumin excretion, and increased GFR
associated with cysts ≥ 5 mm in the cortex and medulla. Smaller cysts (2–4 mm) did not
have these same associations suggesting cysts growth is relevant to the pathophysiology
behind these associations. Obesity may lead to both larger cysts and impair the detection of
very small cysts. The upper limit for number of cortical and medullary cysts was defined.
Parapelvic cysts, hyperdense cysts, angiomyolipomas, enhancing masses, and cysts with
concerning features were also characterized in this population. All renal cysts and masses,
regardless of type, are associated with older age.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Mosaic plot of the number of cortical and medullary simple cysts ≥ 5 mm by age group
among 1948 potential kidney donors. The width of each column is proportional to the
sample size of each age group. Black represents the fraction with 3 or more cysts and white
represents the fraction with no cysts.
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Table 1

Characteristics of potential kidney donors.

fCharacteristic Ages 18 to 49 y (n=1345) Ages 50 to 75 y (n=603) p-value*

Age, y 38 ± 8 58 ± 6 <0.001

Male 579 (43%) 243 (40%) 0.3

White 1157 (90%) 543 (95%) 0.02

Height, cm 172 + 10 170 + 9 <0.001

Body Surface Area, m2 1.99 + 0.25 1.96 + 0.23 0.002

BMI (kg/m2) 28.5 + 5.7 28.2 + 4.7 0.9

BMI > 30 kg/m2 466 (35%) 201 (33%) 0.6

Systolic BP, mmHg 123 + 14 130 + 18 <0.001

Diastolic BP, mmHg 74 + 10 76 + 10 <0.001

Hypertension 109 (8.1%) 176 (29%) <0.001

24-h urine albumin excretion, mg 8.1 + 13.6 8.2 + 25.5 0.006

24-h urine albumin >30 mg 46 (3.7%) 22 (3.8%) 0.9

mGFR (ml/min/1.73 m2) 106 + 18 92 + 18 <0.001

SCr (mg/dl) 0.87 + 0.17 0.87 + 0.17 0.9

N = 1948. Continuous variables are given as number (percentage); categorical variables as mean ± SD.

Abbreviations: BMI, body mass index; BP, blood pressure; mGFR, measured glomerular filtration rate; SCr, serum creatinine.

*
Wilcoxon test or Fisher’s exact test

Conversion factors for units: SCr in mg/dL to μmol/L, ×88.4; GFR in mL/min/1.73 m2 to mL/s/1.73 m2, ×0.01667.
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Table 2

Cortical and medullary cyst and mass characteristics among potential kidney donors.

Characteristic Ages 18 to 49 y (n=1345) Ages 50 to 75 y (n=603) p-value*

Simple cysts

 Largest cyst 2 to 4 mm 223 (17%) 120 (20%) 0.08

 Any cyst ≥ 2 mm 521 (39%) 377 (63%) <0.001

 Any cyst ≥ 5 mm 298 (22%) 257 (43%) <0.001

 Any cyst ≥ 10 mm 106 (7.9%) 134 (22%) <0.001

 Any cyst ≥ 20 mm 21 (1.6%) 47 (7.8%) <0.001

 Number of cysts ≥ 5 mm <0.001†

  0 1047 (78%) 346 (57%)

  1 240 (18%) 155 (26%)

  2 41 (3.0%) 59 (9.8%)

  3 13 (0.9%) 26 (4.3%)

  4 3 (0.2%) 7 (1.2%)

  5 or more 1 (0.1%) 10 (1.7%)

 Diameter of largest cyst ≥ 5 mm 10 ± 7.5 15 ± 13 <0.001

 Any cortical cysts ≥ 5 mm 156 (12%) 198 (33%) <0.001

 Any medullary cyst ≥ 5 mm 163 (12%) 101 (17%) 0.007

 Unilateral cyst or cysts ≥ 5 mm 267 (20%) 189 (31%) <0.001

 Bilateral cysts ≥ 5mm 31 (2.3%) 68 (11%) <0.001

 Any left kidney cyst ≥ 5mm 167 (12%) 168 (28%) <0.001

 Any right kidney cyst ≥ 5mm 162 (12%) 157 (26%) <0.001

 Largest cyst ≥ 5 mm in upper pole 66 (4.9%) 96 (16%) 0.001

 Largest cyst ≥ 5 mm in lower pole 78 (5.8%) 69 (11%) <0.001

 Ravine Criteria‡ for ADPKD 1 (≥5 mm cysts) 4 (0.3%) 5 (0.8%) 0.1

Angiomyolipomas and hyperdense cysts

 Any angiomyolipoma 25 (1.9%) 18 (3.0%) 0.1

 Largest diameter among angiomyolipomas, mm 5.4 ± 4.4 4.5 ± 2.0 0.8

 Any hyperdense cyst without contrast enhancement 12 (0.9%) 12 (2.0%) 0.04

 Largest diameter among hyperdense cysts, mm 9.6 ± 5.0 9.6 ± 3.2 0.9

Cysts or masses with concerning features for malignancy

 Septa in any of the cysts 149 (11%) 129 (21%) <0.001

 Any thickened irregular septa 0 (0.0%) 1 (0.2%) 0.3

 Any thickened smooth septa 0 (0.0%) 0 (0.0%) 0.9

 Any enhancement of septa 0 (0.0%) 3 (0.5%) 0.03

 Any irregular cyst walls 0 (0.0%) 1 (0.2%) 0.3

 Any thickened cyst walls (>1mm) 3 (0.2%) 4 (0.7%) 0.1

 Any fine cyst calcification 2 (0.15%) 7 (1.2%) 0.005

 Any slightly thickened cyst calcification 0 (0.0%) 0 (0.0%) 0.9
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Characteristic Ages 18 to 49 y (n=1345) Ages 50 to 75 y (n=603) p-value*

 Any thick nodular cyst calcification 0 (0.0%) 0 (0.0%) 0.9

 Any cyst soft tissue enhancement 0 (0.0%) 1 (0.2%) 0.3

 Any enhancing masses 4 (0.3%) 5 (0.8%) 0.2

 Bosniak Classification** <0.001†

  No cysts 817 (61%) 207 (34%)

  Category I 372 (28%) 257 (43%)

  Category II 156 (12% 136 (23%)

  Category IIF 0 (0.0%) 0 (0.0%)

  Category III 0 (0.0%) 3 (0.5%)

  Category IV 0 (0.0%) 0 (0.0%)

 Enhancing mass or Category III cyst diameter, mm 19.3 ± 8.0 14.0 + 8.6 0.4

N = 1948. Continuous variables are given as number (percentage); categorical variables as mean ± SD.

Abbreviation: ADPKD, autosomal dominant polycystic kidney disease.

*
Wilcoxon test or Fisher’s exact test

**
highest if multiple cysts

†
Likelihood Ratio test

‡
Ravine Criteria for ADPKD are intended for assessing ultrasound cysts in 1st degree relatives with ADPKD.

The cyst thresholds are ages 15–29 years: at least 2 cysts, 30–59 years: at least 2 cysts in each kidney, and ages 60 and older: at least 4 cysts in each
kidney.(9)
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