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Abstract

characteristics that may help establish a diagnosis.

Background: Medullary sponge kidney (MSK) is a rare disease characterized by cystic dilatation of papillary
collecting ducts. Intravenous urography is still considered the gold standard for diagnosis. We identified a cohort of
patients from our outpatient clinic with established diagnosis of MSK to outline some ultrasonographic

Methods: We conducted a retrospective study of patients seen between January 1st 2009 and January 1st 2019 in
our clinic. Out of 4321 patients, 18 had a diagnosis of MSK. We reviewed their clinical and family history, laboratory
data and imaging studies. Specifically, we focused on ultrasound imaging.

Results: Patients were referred to our outpatient clinic because of renal impairment (44%), family history of
nephropathy (17%), nephrolithiasis or an established diagnosis of MSK (39%). Seventy-two percent of patients
presented with chronic kidney disease, 22% required hemodialysis. Urinary tract infections (44%), nephrolithiasis
(33%), microscopic hematuria (50%) and proteinuria (44%) were reported. Seven patients underwent computed
tomography; all of them received ultrasound. Ultrasound examination showed bilateral renal cysts, usually small and
located in the renal medulla, and microcalcifications located in the medulla or within the cysts.

Conclusion: We identified a peculiar tetrad associated with MSK: 1) hypoechoic medullary areas, 2) hyperechoic
spots, 3) microcystic dilatation of papillary zone, 4) multiple calcifications (linear, small stones or calcified intracystic
sediment) in each papilla. The presence of this diagnostic tetrad, added to laboratory data and clinical history, could
be helpful in the differential diagnosis to identify patients with MSK.

Keywords: Renal cystic disease, Ultrasonography, Medullary sponge kidney, Nephrolithiasis, Chronic renal failure

Background

Medullary sponge kidney (MSK) is a rare renal disease,
characterized by ectasia and cystic dilatation of intrapa-
pillary portions of medullary collecting ducts that give
the renal medulla a “spongy” appearance at autopsy. Its
prevalence in the general population is not exactly
known, but is estimated to be about 1/5000 persons and,
among patients with recurrent nephrolithiasis, it ranges
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from 12 to 20% [1-7]. MSK is typically associated with
nephrocalcinosis and recurrent renal stones formation,
distal renal tubular acidosis, hypocitraturia, hypercalce-
mia, renal concentration defects and defects of the prox-
imal tubule, such as low molecular weight proteinuria
and an altered Tm (transport maximum) for glucose,
phosphate and para-aminohippuric acid [1, 2, 7].
Intravenous urography (IVU) is still considered the
gold standard for the diagnosis of MSK. This technique
reveals pathognomonic images of collection of contrast
medium in dilated papillary ducts, giving the appearance
of a blush or linear striations in the mildest cases or of a
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bouquet of flowers in full-blown cases [1-4, 6, 8-10].
However, as in patients with nephrolithiasis urography is
now less used in favor of computed tomography (CT),
the chances to diagnose MSK are likely reduced [11]. In
fact, neither ultrasonography, nor CT or magnetic reson-
ance (MR) are thought to provide specific findings for
the diagnosis of the disease [1, 2, 8]. Nevertheless, recog-
nizing MSK is clinically important because — even if
there is no specific therapy- these patients should receive
prophylaxis against stone formation and urinary tract in-
fections to avoid progression to renal failure [1, 2, 5-7].
Herein, we analyzed a cohort of patients with an estab-
lished diagnosis of MSK to define ultrasonographic char-
acteristics that can help establish a correct diagnosis.

Methods

After obtaining the approval of the Institutional Review
Board, we conducted a retrospective study of patients
evaluated at the Outpatient Clinic of the Nephrology
Department of the University Hospital of Parma from
January 1st, 2009 through January 1st 2019. We
screened the “Diagnosis” field of the 4321 patients whose
medical records were stored in our computer system
and we identified 18 patients highly suspected for MSK.
After patients had given informed consent, data were
collected from medical reports of outpatient visits, with
particular attention to the following points: previous
medical history, presence of a family history of kidney
disease, presence of comorbidities that can affect renal
function, age of referral or diagnosis of MSK, symptoms
compatible with MSK, the imaging and laboratory ana-
lysis performed.

We reviewed all reports of imaging studies, including
CT, ultrasound (US) and x-ray, and the indications to
perform the above studies, with particular attention to
the description of kidney morphology: the pole-to-pole
diameter, the presence of cysts, their location (cortical,
medullary or both) and size, the presence of renal stones
or parenchymal calcifications, along with their size and
location. Finally, the diagnosis suggested by the radiolo-
gist was recorded. If more studies of the same type were
available, analyzing them, we gave particular attention to
the most recent. So, even if patients began their follow
up over a period of 10 years, the imaging studies
reviewed belonged to a shorter period of 3 years increas-
ing their comparability. All ultrasonographic data were
obtained from existing records and were reviewed by an
expert sonographer with 20 years of experience (R.G.),
whereas CT images were reevaluated by a radiologist
with 15 years of experience (G.S.)

Biochemical data were also evaluated, with particular
attention to serum creatinine and eGFR (estimated
glomerular filtration rate), urinalysis for the presence of
proteinuria and microscopic hematuria, and quantitative
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measurements of 24-h urine excretion of sodium, potas-
sium, calcium, phosphate and citrate to assess the indi-
vidual risk of kidney stone formation.

Checking patients laboratory and clinical data other
causes of nephrocalcinosis are excluded.

Statistical analysis
Only descriptive statistics were performed, with continu-
ous variables being reported as mean (SD) or median
(range) as appropriate, and categorical variables being
reported as n (%).

Results

Clinical and biochemical data

Fourty-4 % of the patients included in the study was
started on nephrological follow-up because of the detec-
tion of increased serum creatinine at routine laboratory
analysis, 17% was referred because of a family history of
kidney disease, 39% because of a previous diagnosis of
MSK, nephrocalcinosis or because of recurrent episodes
of nephrolithiasis. Overall, there were 5 patients (28%)
with normal kidney function, 13 (72%) with chronic kid-
ney disease (CKD) at different stages; among these pa-
tients 5 (the 28% of the cohort) reached the end-stage
renal disease (ESRD) and of them 2 (11%) were on
hemodialysis and 3 (17%) had received a kidney trans-
plant (Tab. 1).

Ten patients (56%), belonging to two different families,
had a family history of kidney disease, characterized by
autosomal dominant inheritance; among them, the inci-
dence of ESRD was highest: in the first family, 3 mem-
bers began hemodialysis and 2 of them received kidney
transplant; in the second one a patient is still on
hemodialysis.

The diagnosis of MSK was always established in adult-
hood (age ranging from 28 to 82 years).

Apart from CKD, 33% of patients presented with
recurrent renal stones and the 44% had urinary tract
infections (UTI). Proteinuria was documented in 44%
of cases, ranging from mild (about 0.5 g/day) to neph-
rotic range (>3.5g/day). Microscopic hematuria was
detected in 50% of cases and one patient had episodes
of macroscopic hematuria, during renal stone colic.
Signs and symptoms could present with different
combinations: only two patients had the entire
spectrum, such as proteinuria, microhematuria, renal
stones and UTI, three displayed a combination of
renal stones and UTI and three of proteinuria and
microhematuria. Moreover, three patients complained
only one sign/symptom (isolated proteinuria or iso-
lated microhematuria or renal stones). Only 2 patients
(11%) were asymptomatic: one of them was diagnosed
because of family history of MSK and the other dur-
ing follow-up after unilateral nephrectomy. Of 1
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Table 1 Clinical and ultrasound characteristics of the patients

Characteristic Value (n =18)
Men/Women (n/n) 4/14
Age —mean y (range) 50 (28-82)
Family history —no. (%) 10 (56)
Prognosis-no.(%)
Normal kidney function 5(28)
CKD 13 (72)
Hemodialysis 2071
Kidney transplant 3(17)
Clinical signs and symptoms-no. (%)
Microhematuria 9 (50)
Proteinuria 8 (44)
Urinary tract infection 6 (33)
Renal colic 6 (33)
Asymptomatic 201
Not available 1 (5.5
Imaging study-no. (%)
Intravenous urography 0(0)
cT 7 (39)
Ultrasound 18 (100)
Renal cysts characteristics at ultrasound
Unilateral/bilateral (n/n) 2/15
Not described (n) 1
Medullary (n) 6
Cortical (n) 1
Cortical and medullary (n) 5
Parenchymal (n) 3
Not described (n) 3

Diameter of medullary cysts (mm) From 1 mm to 30 mm

Diameter of cortical cysts (mm) From 25 mm to 65 mm

Renal calcifications or renal stones-no. (%) 16 (89)
Indication for ultrasound-no. (%)

Follow up of CKD 8 (44)

Follow up of MSK or renal stones 7 (39

Family history of renal disease 3(17)
Relevant comorbidities (n)

Diabetes 3

Nephrectomy 1

Hypertension 1

CKD Chronic kidney disease, CT Computed tomography, MSK Medullary
sponge kidney, y Years

patient data about signs and symptoms were not
available. The others referred two signs/symptoms
combined in different ways.

The analysis of urinary electrolytes, performed in 4 pa-
tients, revealed hypocitraturia and low potassium excretion.
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As for comorbidities, 3 patients (17%) presented with
diabetes mellitus, one (6%) underwent unilateral neph-
rectomy because of benign renal tumor, two (11%) had
mild hypertension. Among them diabetes was constantly
present in patients with also CKD or ESRD, but in only
one case it could be responsible of renal impairment
(renal biopsy gave a diagnosis of diabetic nephropathy),
in the other two patients we had no signs of renal in-
volvement (absence of proteinuria and of microvascular
complications like diabetic retinopathy). The 67% had
no comorbidities that could affect kidney function
(Table. 1). For what concern metabolic bone disease,
two patients presented osteoporosis. Clinical data are de-
tailed in Supplementary Table 1.

Imaging studies

All patients underwent US examination at the beginning
of nephrological follow-up, and US imaging was re-
peated yearly in the majority of them (72%) to check the
presence of renal stones and look for changes in cyst ap-
pearance. We identified three major reasons for pre-
scribing US: follow-up of CKD (44%), a family history of
kidney disease (17%) and follow-up of renal stones or
renal calcifications (39%).

Seven patients (39%) underwent CT, 5 without use of
intravenous contrast medium for the detection of renal
stones during a renal colic and 2 with mean of contrast.
Only two (11%) of them were examined with abdomen
X-ray to screen for vascular calcifications in the setting
of kidney transplant.

For what concern diagnosis in one case the radiologist
performing CT reported a diagnosis of MSK; in the
other cases CT records describe multiple small calcifica-
tions within the renal parenchyma or the presence of
renal stones with or without the concomitant descrip-
tion of cysts, but a specific diagnosis was not suggested.
When CT studies were revised by the expert radiologist
only one showed the typical CT-appearance of MSK,
whereas the others, could detect cysts and calcifications
or renal stones without addressing a specific diagnosis.,
probably mainly because of the lack of contrast media or
of the specific urographic sequence.

On the other hand, US examination suggested a diag-
nosis of MSK in 13 patients (72%), nephronophtisis in
one (6%) and an overlap between MSK and medullary
cystic disease in 4 cases (22%).

Ultrasound imaging
Kidney size, as evaluated by pole-to-pole diameter, par-
enchymal echogenicity and cortico-medullary differenti-
ation were variable according to the degree of chronic
kidney disease.

Sixteen out of 17 patients (94%) showed bilateral cysts
(one patient had previously undergone unilateral
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nephrectomy). Cysts were usually small (diameter ran-
ging from 1 mm to 30 mm), sometimes referred to as
microcysts, and were usually located in the medullary or
papillary areas of the kidneys (Fig. 1a). Six patients (33%)
also had cortical cysts that were larger than the medul-
lary ones (diameter ranging from 25 to 65 mm). Micro-
calcifications were also frequently reported (16 patients,
89%), and were frequently described as ‘hyperechoic
spots’, ‘hyperechoic lines’ or frank renal stones with a
diameter ranging from 3 to 10 mm. The calcifications
were usually localized in the renal medulla, in close rela-
tionship with the medullary cysts, and were frequently
described as papillary/medullary calcifications or calcific
deposits within the cysts (Fig. 1b) (Table. 1). In some
cases the description reported a peripheral hyperechoic
aspect of medulla due to multiple microcalcific depos-
ition named nephrocalcinosis (Fig. 2a). The ultrasound
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exams were conducted both with a convex 1-5MHz
probe and with a higher frequency linear probe (9-3 and
also 12-5MHz) (Fig. 2b). Data about renal ultrasonog-
raphy are detailed in Supplemetary Table 2.

Discussion

MSK was recognized as a distinct disease with the intro-
duction of urography in clinical practice. However, this
pathological entity seems to be disappearing, likely be-
cause urography has almost been abandoned in favor of
abdominal CT, usually without administration of con-
trast medium, which lacks specific/pathognomonic signs
of MSK [1, 2, 4, 6, 12]. In fact unenhanced abdominal
CT has replaced IVU in the diagnostic work-up of acute
renal colic from ureteral calculi because of a higher sen-
sitivity and specificity [11]. This scenario was confirmed
by the analysis of our cohort, in which intravenous

+ Dist 0.434 cm

Fig. 1 a B-mode image representing the right kidney, scanned with a 5.0 MHz convex probe. Note the several cystic dilations of the inner
medulla (white arrow) and segmental linear hypercoic strands (arrowhead) (Esaote MylLab Seven, 5.0 MHz convex probe); b Renal stone (4 mm) in
the mid calyx and parenchimal cyst in a patient with MSK (Philips iU 22, multifrequency convex probe C5-1)

~
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+ Dist 10.1cm

;2 Dist 0.723 cm
= Dist 0.817 cm
» Dist 0.717 cm

MHz linear probe)

Fig. 2 a Right kidney showing inversion of the normal cortico-medullary echogenicity pattern: in this patient with nephrocalcinosis, the pyramids
and medulla are strikingly hyperechogenic, because of the deposition of crystals (Philips iU 22, multifrequency convex probe C5-1); b B-mode
image of the right kidney, obtained with a 12.5 MHz linear probe. Cysts of the inner medulla are better recognized (Esaote MylLab Seven, 12.5

urography was not available for review and CT was
mainly performed without contrast medium (for a
study of kidney stones) limiting its resolution power.
The use of contrast medium-enhanced CT urography
(CTU) with 3D volume-rendered imaging could be
useful to diagnose MSK [10, 13, 14]. There are two
studies published about using CTU to diagnose MSK.
The first one is a series of 15 patients that underwent
CTU because of a recurrent symptomatic nephro-
lithiasis. Four of them presented the characteristic
radiologic findings of MSK (collecting tubules dilata-
tion, medullary nephrocalcinosis, nephrolithiasis and
medullary cysts) [15]. The second is a trial that com-
pared IVU and multidetector CTU for diagnosis of
MSK in 10 patients. It demonstrated that multidetec-
tor CTU had a sensitivity of 90% and a specificity of

100% when compared with IVU [16]. However, the
routine use of this imaging technique has some limi-
tations in patients and in particular in renal ones.
First of all, there is a need to reduce the use of radio-
contrast media in the presence of CKD (like in our
cohort), due to the potential risk of contrast-induced ne-
phropathy. Secondly, CT urography could not be ethically
proposed as a mean of screening for asymptomatic family
members. Finally, it cannot be repeated frequently as a
follow-up imaging method, due to a substantial patient ex-
posure to radiations [8]. The previous cited studies, pro-
posing multidetector CTU, lacked considerations about
patients renal function as a possible limitation in using
contrast media and only one of them reflected about the
opportunity to use dose reduction protocol to limit pa-
tients radiation exposures [15, 16].
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In contrast with CT use, we found that there was an
extensive use of US imaging in our patients, in most
cases with a dedicated operator. The typical ultrasono-
graphic description of MSK is the following: hypoechoic
medullary areas with hyperechoic spots and microcystic
dilatation of papillary zone, with multiple calcifications
being detected in each papilla. These calcifications can
be described in different ways (linear, spots, small
stones) or can assume the aspect of nephrocalcinosis.
Nephrocalcinosis is usually the only US feature de-
scribed in literature as being associated with MSK [1, 2,
17, 18]. In our cohort, these alterations were almost al-
ways bilateral and considering the usual presence of
microcysts and microcalcifications when the presence of
MSK is suspected, it would be recommended to
complete the US examination with a high-frequency lin-
ear probe to increase exam sensitivity. We would like
also to point out that the presence of cortical cysts, as
displayed by some of our patients, does not exclude the
diagnosis of MSK because, once autosomal dominant
polycystic kidney disease (ADPKD) and multicystic dys-
plastic kidney disease have been ruled out, cortical cysts
could be simply related to aspecific kidney degenerative
changes associated with aging or progression of CKD
[19-22]. ADPKD can be recognized because of bilateral
enlarged kidneys with multiple cysts of variable size,
with cortical and medullary distribution and increasing
with time; the multicystic dysplastic kidney disease is al-
ways unilateral, detected at birth, with peripherally lo-
cated cysts with a central region of solid tissue and
absence of renal vessels and pelvicalyceal system [18-
23]. Moreover, as cysts could be the expression of kidney
aging, it is also important to rule out the so called ac-
quired cystic kidney disease, an acquired disorder with-
out any kind of familial clustering, that is characterized
by small, hyperechoic kidneys with cysts and is diag-
nosed in patients with ESRD [20, 21] (Table. 2).

As we observed in our patients, the general aspect of
the kidneys, in terms of diameter, parenchymal echo-
genicity and corticomedullary differentiation is not re-
lated to MSK but to the presence of CKD.

Based on reports that were available for our patients, the
US specialist can suggest two different diagnoses, namely
nephronophtisis and medullary cystic kidney disease
(MCKD, redefined as ADTKD, autosomal dominant tubu-
lointerstitial kidney disease in 2015) [26], instead of MSK.
In fact, their ultrasound appearance can be very similar to
that of MSK. In nephronophtisis kidneys are small to nor-
mal in size, with increased echogenicity, reduced cortico-
medullary differentiation, and renal cyst formation on the
corticomedullary border. In MCKD kidneys are normal to
small in size, with multiple cysts at the corticomedullary
junction and sometimes in the renal medulla. Neverthe-
less, renal stones and microcalcifications, as well as the
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mainly medullary distribution of cyst, are not usually de-
tected in these cases [18-21, 27]. Moreover, the clinical
presentation is different, as patients with nephronophtisis
typically present with polydipsia and polyuria, growth re-
tardation or chronic iron-resistant anemia and develop
ESRD in childhood or adolescence, while patients with
MCKD present with polyuria and polydipsia, usually de-
velop hyperuricemia and gout and have no history of
nephrolithiasis [19, 20, 27].

Clinical history and laboratory findings in our cohort
supported the diagnosis of MSK. Particularly, the diag-
nosis in adulthood, the presence of recurrent nephro-
lithiasis or of nephrocalcinosis and the detection of
hypercalciuria and hypocitraturia. Moreover, the absence
of polyuria and polydipsia, hyperuricemia, diagnosis dur-
ing childhood or unilateral involvement with contralat-
eral kidney hypertrophy could exclude different
nephropathies (nephronophtisis, MCKD, multicystic dys-
plastic kidney disease). Considering the absence of clin-
ical symptoms that could be highly suggestive of MCKD
(such as hyperuricemia and gout (ADTKD-UMOD),
anemia in childhood or adolescence (ADTKD-REN),
MODY5 (ADTKD-HNF1p) or nephronophtisis (poly-
uria, polydipsia, anemia during childhood)) we decided
not to perform a genetic analysis aimed at diagnose
these diseases.

Thus, the presence of this ultrasonographic tetrad: 1)
hypoechoic medullary areas, 2) hyperechoic spots, 3)
microcystic dilatation of papillary zone, 4) multiple calci-
fications (linear, small stones or calcified intracystic sedi-
ment) in each papilla, together with the analysis of
clinical finding, can help address the correct differential
diagnosis (Table. 2).

We acknowledge that our study has limitations. Firstly,
it is retrospective and enrolled a small number of pa-
tients. Secondly, the cohort studied was followed at our
nephrology clinic, consequently there is a greater repre-
sentation of patients with CKD; conversely, in the litera-
ture MSK is considered in most cases a benign disease
that can lead to renal impairment only because of com-
plicated and recurrent urinary tract infections or recur-
rent nephrolithiasis. Moreover, ten patients came from
two families, in which the most severe cases (ESRD pa-
tients) were over-represented. So, the presence of CKD
in a great percentage of our patients could be due both
to familiar clustering of severe cases and to patients re-
cruitment from a nephrology clinic. Finally, we lacked
the IVU studies to confirm the diagnosis reported on
medical records. Nevertheless, the review of CT images,
available for 7 patients, by our expert radiologist, de-
tected typical features of MSK in one patient according
to what was reported in the studies by Koraishy [15] and
Gaunay [16] and confirm the presence of cysts and calci-
fications in the other cases strengthening our diagnosis.
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So, we believe that a thorough differential diagnosis
and a critical appraisal of both clinical findings, history,
biochemical analysis and imaging studies, can help make
the diagnosis of MSK with good accuracy even in the ab-
sence of the gold standard imaging technique.

Even in the presence of the above biases, we think that
the our preliminary study has important points of clin-
ical relevance, namely: 1) given the diffuse availability of
bedside US imaging, a wider use of our proposed ultra-
sonographic tetrad could increase the frequency of the
recognition of MSK among patients with compatible
clinical findings and avoid patient exposure to radiations
and radiocontrast media; 2) US may offer a better
follow-up for patients and relatives that need specific
treatment of urinary tract infections and nephrolithiasis
[1, 2, 5, 24]; 3) the possibility to intercept more diagno-
ses of MSK will allow to continue the research about its
pathogenesis and specific treatment [25]; 4) it could en-
courage to explore the possibilities of ultrasound to de-
fine more and more specific characteristic of the disease.

Conclusion

MSK is a rare kidney disease that is at risk to be under-
diagnosed in the next future because urography is less
and less used in the diagnostic work-up [12, 28]. After
reviewing the results of US findings in our cohort, we
believe that the diagnostic performance of US is greater
than generally stated in the literature and that, when
complemented with clinical findings, history and bio-
chemical analysis, it may help establish the diagnosis of
MSK [1, 2, 24]. Thus, promoting greater expertise of
sonographers and imaging specialists in addressing spe-
cific MSK features could increase the number of correct
diagnoses and provide patients with adequate follow-up
and appropriate treatment.
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