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The impact of potassium citrate therapy 
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Objectives: The present  study was carried
out to evaluate the effectiveness of medical

therapy with potassium citrate in preventing calculosis compli-
cating Medullary Sponge Kidney (MSK) without renal acidifica-
tion defects.
Materials and methods: In a open, uncontrolled, retrospective
analysis, 49 MSK patients with nephrolithiasis without renal
tubular acidosis, underwent a complete metabolic evaluation
and  received potassium citrate therapy 4-6 g/day. The course
of stone disease before and after citrate therapy was deter-
mined in each patient from a combination of clinical history,
past records, radiographs and kidney ultrasound. The rate of
new stone formation/pt/yr, of endourological and extracorpore-
al procedures, of urinary tract infection (UTI) and number of
hospitalization before and after medical treatment were calcu-
lated.
Results: Metabolic anomalies (hypercalciuria, hypocitraturia,
hyperuricuria and hyperoxaluria) were present in 83% of the
patients. Follow-up before and after alkali citrate therapy was
comparable (4.7+/-1.4 and 4.9+/-1.7 years respectively).
Medical treatment significantly reduced rates of stone forma-
tion from 2.0+/-1.0 to 0.2+/-0.5 pt/yr, ureteroscopy (URS) from
0.9+/0.8 to 0.4+/-0.5 pt/yr, extratracoporeal lithotripsy (ESWL)
from 1.1+/-0.8 to 0.4+/-0.6 pt/yr, urinary tract infections
(UTIs) from 0.8+/-1.2 to 0.3+/-0.5 pt/yr and hospitalization
from 1.1+/-0.6 to 0.2+/-0.3 pt/yr, p < 0.001. This effect was
observed  also in MSK patients without metabolic anomalies. 
In 35 patients the asymptomatic disappearance of calcium
stones was also observed.
Conclusions: Our study documents the effectiveness of potassi-
um citrate therapy in preventing neprolithiasis in MSK patients
also in the absence of  distal tubular acidosis.  It suggests that
in MSK patients alkali citrate may promote calcium stone dis-
solution by oral administration.
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according to radiographic criteria that include the char-
acteristic “paint brush” appearance of the dilated tubules
draining into flattened calyces (2) which may favour salts
crystallization and precipitation with consequently stone
formation.    
Nephrolithiasis in MSK causes pain and urinary infection
and requires radiological and ultrasound exams and uro-
logical treatments for stone removal.
Medical treatment to prevent nephrolithiasis has been
known from 30 years and numerous studies suggest the
effectiveness of potassium citrate in preventing stone for-
mation in different form of nephrolithiasis with econom-
ic advantages (3, 4).         
Previous works have demonstrated in MSK a variety of
metabolic abnormalities which, together the papillary
collecting duct dilatation, could play a role in stone for-
mation, including hypercalciuria, hypocitraturia, hyper-
uricuria and urinary acidification defects (5-7). Also the
concurrence of hyperparathyroidism and MSK has been
reported which suggest that renal hypercalciuria from
disordered nephron function may lead to parathyroid
hyperplasia and adenoma (8). 
In the past medical treatment with potassium citrate was
performed only in the presence of acidification defects
and hypocitraturia was shown to normalize with concor-
rent reduction in stone formation (9).
The present study was carried out to evaluate the effec-
tiveness of medical therapy with potassium citrate in
preventing calculosis complicating MSK in the absence
of acidification defects.

PATIENTS AND METHODS
From January 1994 to June 2013 in the Urologic clinic of
the Treviso General Hospital we evaluated 842 patients
with recurrent calcium stones. Sixty-one (7.2%) had the
characteristic features of MSK on intravenous pyelo-
grams (2), i.e. radial distribution of calcification around
enlarged papillae, flattened calyces and dilated collecting
tubules with or without cystic deformities. In 58 patients
the defect was bilateral and in all cases tubular ectasia
involved three or more papillae. For this study, all radi-
ographs were reviewed by one of us and at least one radi-
ologist unaware of the previous diagnosis and diagnostic
conclusion was confirmed in 100% of the cases. 
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INTRODUCTION
Medullary Sponge Kidney (MSK) is a congenital abnor-
mality of the renal medulla characterized by the presence
of multiple small cysts. These changes were described by
the Italian radiologist Leonarduzzi and a decade later
Cacchi e Ricci confirmed these finding histopatological-
ly (1). The condition is diagnosed on excretory urograms
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Starting from 2000, our standard medical treatment for
all MSK stone formers was potassium citrate (4 to 6 gm.
per day orally in 2-3 doses). For the aim of this study, we
have retrospectively evaluated patients with at least 2
years of continuos potassium citrate therapy and in
whom distal renal tubular acidosis (RTA) had been exclud-
ed. Complete RTA is diagnosed when at least 2 of the fol-
lowing conditions are observed: morning urinary pH
higher than 5.5 (in sterile urine), systemic acidemia, uri-
nary citrate excretion lower 100 mg /24 h. When only
one of the three above is observed, an oral ammonium
chloride test (NH4CL load 0.05g/kg/body weight over 3
days) was performed and a fasting urine pH after test
higher than 5.6 coincident with systemic acidemia was
considered diagnostic of RTA. As a whole 49 patients (31
males and 18 females, mean age 37.7+/-16.3 and 30.7+/-
15.2 yrs. respectively) with adequate follow-up and com-
pliance to medical treatment form the bases of this
report; all patients had defect and the fully developed
form of the anatomic features.
Patients had been evaluated before the beginning of
potassium citrate therapy with a clinical and metabolic
protocol, radiological and ultrasound examinations.
Three 24-hour urine samples were collected on an out-
patient basis, while eating the usual diet. Urine was ana-
lyzed for levels of oxalate, uric acid, calcium, citrate, cre-
atinine, sodium and potassium. After at least 10 hours
fasting, venous blood samples were drawn for calcium,
phosphate, uric acid, creatinine, and morning spot urine
was collected. Idiopathic hypercalciuria was defined as
24 hr urine calcium excretion greater than 300 mg, nor-
mocalcemia and exclusion of other hypercalciuric condi-
tions. Hyperuricuria was definited as a 24 hr uric acid
excretion above 800 mg, hypocitraturia as less than 350
mg and hyperoxaluria as more than 40 mg.

Mean follow-up before and after treatment was 4.7+/-1.4
and 4.9+/-1.7 yrs. respectivelly. The course of stone dis-
ease before and after medical treatment was determined in
each patient from clinical history, past records, radi-
ographs (KUB xRay, pielography) and kidney ultrasounds:
namely, the number of passed stones, of not expulsed
stones, of urological procedures (intracorporeal or extra-
corporeal treatments), of urinary tract infections (UTIs)
was registered. UTI episodes were defined as episode of
chills, fever and flank pain that led to medical care. 
These patients were monitored during potassium citrate
theraphy every 6 months with blood creatinine, sodium
and potassium and urine analysis. The compliance to
medical treatment was evaluated by urinary pH since
potassium citrate alkalinizes the urine. Ultrasound was
carried out every 6 months and KUB X-ray with tomog-
raphy once year to ascertain the exact number of stones.
CT scan was only performed in few cases and was
excluded for the aim of this study.
A new stone was defined as the radiographic apperance,
removal, or passage of a stone not present on a prior
radiograph. Passed or removed stone were analyzed
whenever possible.
The rate of new stone formation/year, of endourological
and extracorporeal procedures, of UTI and number of
hospitalization before and after medical treatment were
calculated as means +/- SD of values from each patient.
The statistical analysis was carried out by the Student t-
test for paired data.

RESULTS
Hypercalciuria was present in 21 (43%) patients, hypoc-
itraturia in 23 (47%), hyperuricuria in 14 (28%) and
hyperoxaluria in 8 (16%). Thirteen patients were hyper-

Table 1. 
Effect of potassium citrate therapy on complications in MSK patients with index episodes. 

Pre-treatment Post-treatment p value Pre-treatment Post-treatment p value
(all patients) (all patients) (Student t-paired test) (patients without (patients without (Student t-paired test)

metabolic anomalies) metabolic anomalies)

Stones/pt/yr 2.0 ± 1.0 0.2 ± 0.5 < 0.001 1.6 ± 1.0 0.03 ± 0.07 < 0.005

URS/pt/yr 0.9 ± 0.8 0.4 ± 0.5 < 0.001 0.9 ± 0.6 0.2 ± 0.4 < 0.05

ESWL/pt/yr 1.1 ± 0.8 0.4 ± 0.6 < 0.001 1.1 ± 0.9 0.2 ± 0.3 < 0.05

UTI/pt/yr 0.8 ± 1.2 0.3 ± 0.5 < 0.001 0.8 ± 07 0.2 ± 0.3 < 0.01

Hospitalization/pt/yr 1.1 ± 0.6 0.2 ± 0.3 < 0.001 1.1 ± 0.9 0.2 ± 0.3 < 0.01

Table 2. 
Effect of potassium citrate therapy on complications in MSK patients without index episodes.

Pre-treatment Post-treatment p value Pre-treatment Post-treatment p value
(all patients) (all patients) (Student t-paired test) (patients without (patients without (Student t-paired test)

metabolic anomalies) metabolic anomalies)

Stones/pt/yr 1.9 ± 1.0 0.2 ± 0.5 < 0.001 1.5 ± 0.9 0.03 ± 0.07 < 0.005

URS/pt/yr 0.9 ± 0.7 0.4 ± 0.5 < 0.001 0.9 ± 0.6 0.2 ± 0.4 < 0.05

ESWL/pt/yr 1.1 ± 0.7 0.4 ± 0.6 < 0.001 1.0 ± 0.8 0.2 ± 0.3 < 0.05

UTI/pt/yr 0.8 ± 1.1 0.3 ± 0.5 < 0.001 0.8 ± 07 0.2 ± 0.3 < 0.01

Hospitalization/pt/yr 1.0 ± 0.6 0.2 ± 0.3 < 0.001 1.0 ± 0.9 0.2 ± 0.4 < 0.01
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calciuric and hypocitraturic, 4 hyperuricuric and hyper-
calciuric and 5 hyperuricuric, hypercalciuric and hypoc-
itraturic). In 9 patients (17%) no metabolic anomaly was
found. No patient with MSK was hypercalcemic and
none had hyperparathyroidism. 
The chemical analysis of stone removed or passed was
calcium oxalate (CaOx) and /or calcium phosphate (CaP)
and mixed (CaOx plus uric acid) in 5 patients. 
Starting from the first control after beginning potassium
citrate therapy urinary pH significantly increased (from
5.63+/-0.61 to 6.74+/-0.55 respectively, p < 0.0001) with-
out significant changes in plasma creatinine, calcium,
phosphate, uric acid, sodium and potassium. 
Furthermore medical treatment significantly reduced
rates of stone formation from 2.0+/-1.0 to 0.2+/-0.5
pt/yr, ureteroscopy (URS) from 0.9+/0.8 to 0.4+/-0.5
pt/yr, extratracoporeal lithotripsy (ESWL) from 1.1+/-0.8
to 0.4+/-0.6 pt/yr, urinary tract infections (UTIs) from
0.8+/-1.2 to 0.3+/-0.5 pt/yr and hospitalization from
1.1+/-0.6 to 0.2+/-0.3 pt/yr, p < 0.001. 
This effect was observed also in MSK patients without
metabolic abnormalities (Table 1). 
To rule out that these results were due to a ”regression to
the mean” bias, we excluded from the analysis the index
episodes bringing patients to our attention. 

Table 2 shows the amended results and confirms the
favourable activity of alkali citrate treatment.
Furthermore, in 35 patients we have observed the disap-
pearance of stones present on previous x-Ray (Figures 1, 2).

DISCUSSION
The frequency of radiographic features of MSK may vary
from 2.3 to 21% of patients with calcium stones (5, 8).
The incidence of MSK in our patients whith recurrent
calcium nephrolithiasis was 7.2%; for the aim of this
study only those patients with the fully developed form
of the anatomic defect, easily recognized on routine
intravenous pyelograms, were considered.
Patients with MSK usually come to the attention of
physicians because of kidney stones. The frequent occur-
rence of kidney stones is both dependent on the meta-
bolic and anatomic abnormalities. Anatomical abnormal-
ities, which determine stasis of urine and infection, may
account for renal stones in 17% of our cases lacking
metabolic abnormalities. The fact that not all MSK
patients have metabolic abnormalities has been already
reported (5, 10). Therefore, when urinary infection is
present, it could be the result rather than the cause of the
stones (11).
Our data show a dramatic reduction in the stone rate

Figure 1. 
Woman 57 yrs old
affected by recurrent
calcium nephrolithiasis. 
A, B, X-Ray plus urogram
performed  before the
start of treatment with
potassium citrate (6 g per
day orally in 3 doses). 
C, X-Ray after 6 yrs
continuous therapy. Most
of the left kidney stones
disappeared
asymptomatically, while
for the right ureteral
stone ureteroscopy was
required.

Figure 2. 
Man 39 yrs old
admitted to our clinic
for right flank pain. 
A, B, X-Ray plus
urogram showed
bilateral
nephrolithiasis, more
evident on the right
kidney. The patient
was given potassium
citrate  (4 g per day
orally in 2 doses). 

C, X-Ray 3 yrs later revealed the asymptomatic
disappearance of  most of the stones. No urological
treatment had been performed.    

A B

B C

A
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during citrate therapy in MSK patients without RTA and
irrespective of the presence of metabolic stone risk factor.
As consequence, also a parallel reduction in urological
treatment, UTI and hospitalization was observed. Such
an effect is neither prejudiced by a “regression to the mean”
bias (Table 2) nor by an ascertainment bias of episodes
due to the retrospective nature of the study period before
the establishment of potassium citrate therapy. Although
we cannot rule out some imprecision in counting the
number of episodes, particulary the number of stones,
we are confident that our conclusion about the clinical
actvity of citrate treatment is correct, since the given esti-
mates before the treatment could only be lower than in
real ones. 
It is well known that renal tubular acidosis is a common
cause of calcium neprolithiasis and nephrocalcinosis.
This defect is associated with high urinary pH and low
urinary citrate causing the formation of calcium stones.
It has also been reported that potassium citrate can cor-
rect the acidosis and ameliorate the hypocitraturia pre-
venting calcium nephrolithiasis (9). Citrate is known to
reduce the urinary saturation of calcium oxalate by com-
plexing calcium and reducing its ionic concentration;
it also inihibits nucleation and crystal growth of calci-
um, oxalate and phosphate. Citrate treatment increases
urinary citrate excretion, urinary pH and decreases
stone formation also in normocitraturic patients (3).
Furthermore, it has also been reported that potassium
citrate therapy seems to be effective in preventing renal
stones in patients with MSK and nephrolithiasis (12).
Thus, citrate therapy modifies the urinary milieu leading
to condition less prone to stone formation. However,
we also unexpectedly observed by x-Ray examination
the disappearance of preesisting stones in 35 patients
(Figures 1, 2). 
In some patients during the citrate therapy follow-up, we
observed at first a fragmentation of the stones (similar to
the effect of shock wave lithotripsy), thereafter the dis-
appearance of small fragments, and at last of all frag-
ments. The initial disaggregation of stones suggests that
citrate may exert some dissolving effect on the concre-
tions occurring in MSK. While the effect of citrate thera-
py on dissolution of uric acid is known from a long time,
the effect of citrate therapy on dissolution of calcium
stones is astonishing. However, in a previosus study Pak
too observed a similar finding, i.e., the dissolution of cal-
cium stones after citrate therapy in 8 patients (13). 
It is generally assumed that calcium stones cannot be dis-
solved by systemic therapy. Only the local irrigation with
different solution, some containing also potassium cit-
rate, is considered to be capable to dissolve calcium
stones (14). In this case, the high citrate concentration,
the high levels of calcium complexing molecules such as
EDTA and high fluxes used most likely explain the effi-
cacy of local irrigation. It is difficult to speculate on the
mechanism explaining the dissolving effect of potassium
citrate after oral administration. Of course, one has to
admit that citrate may enter into the stone, destroyng the
binding between calcium and oxalate or phosphate and
fragmenting the stone in chippings that later are asymp-
tomatically eliminated with the urine. However, the uri-
nary levels of citrate after oral assumption are much

lower than those constituing the irrigation solution and
certainly do not have the same strong calcium chelating
power. This migh be congruent with the slower dissolu-
tion of the stones in our MSK patients. Furthemore, also
the fact that stones in MSK, because of the anatomical
abnormalities of precaliceal collecting tubules, are immo-
bilized longer than in non-MSK stones, might play a role. 
In fact, a longer immobilization should allow a more
intense and prolonged effect of even relatively low con-
centrations of citrate, so that these might be effective.
Since the occurrence of mixed calcium and urate stones
in MSK is not unsual (in our case population was
observed in 9% of patients), the alternative hypothesis
that citrate therapy dissolve the urate component of
stones and in such way disaggregated stone may also be
advanced. 
We have previously reported that citrate therapy
improves the clearance of residual stone fragments after
ESWL and hypothesized that the action may due to the
inhibition of growth and aggregation of calcium salts.
According to present results we could advance that cit-
rate therapy promotes the dissolution of calcium stones,
like for uric and cistinuric stones. If urinary infection is
present, adeguate antibiotic therapy could prevent the
growth of infection stones, also reported in our previous
study (15). 
MSK rarely causes renal failure, but if not treated it could
worse the quality of life. However, further studies are
necessary to investigate this last issue.
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