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Abstract

Purpose Prospective evaluation of the prevalence of incomplete distal renal tubular acidosis (idRTA) in idiopathic calcium
stone formers (ICSF) diagnosed by half-dose ammonium chloride loading (NH,Cl, 0.05 g/kg body weight/day) and impact
of alkali treatment of idRTA.

Methods Evaluation of 386 consecutive idiopathic calcium stone formers (ICSF) (280 males, 106 females) for idRTA. If
screening fasting urine pH was > 5.80, 1-day NH,Cl loading was performed without severe adverse effects. Normally, urine
pH falls below 5.45.

Results Sixty-four idiopathic calcium stone formers exhibited idRTA, one complete dRTA. Prevalence was higher in women
(25.4%) than in men (13.6%). Thus, for more equilibrated comparisons, we formed pairs of 62 idiopathic calcium stone
formers (ICSF) with and 62 without idRTA, matched for gender, age, BMI and serum creatinine. Idiopathic calcium stone
formers with idRTA more often had hypercalciuria (p < 0.025) and urine citrate <2 mmol/d (p <0.05), formed calcium
phosphate stones more frequently, exhibited higher numbers of stones/year (1.4 +1.5 vs. 0.9+0.8, p=0.034) and 2.5 times
more intrarenal calcifications (4.6 +5.9 vs. 1.8 +3.6, p=0.002). All idiopathic calcium stone formers with idRTA were
recommended chronic alkali therapy. After 4-15 years of follow-up, stone events /years follow-up (stone passage or uro-
logic intervention) were higher in patients non-adherent to alkali therapy (0.61 +0.92) than in patients adherent to treat-
ment (0.11+0.21, p=0.006).

Conclusion Incomplete distal renal tubular acidosis is 1.8-fold more prevalent among female idiopathic calcium stone
formers, predicts more stone recurrences, predisposes to calcium phosphate stones and is associated with 2.5 times more
intrarenal calcifications vs. non-idRTA patients. Chronic alkali treatment reduces clinical stone recurrences by 5.5 times.
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Graphical abstract

Prospective long-term evaluation of incomplete distal renal tubular acidosis in idiopathic calcium nephro-
lithiasis diagnosed by low-dose NH,Cl loading — gender prevalences and impact of alkali treatment
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Introduction

On a diet rich in animal proteins, the kidneys have to excrete
up to 100 mmol of hydrogen ions per day [1]. Reduced H*
secretion by collecting tubules causes distal renal tubular
acidosis (dRTA) [2-4], either complete (overt metabolic
acidosis, elevated urine pH) or more frequently incomplete
(idRTA, no systemic acidosis, elevated urine pH) [2, 4, 5].
In both forms, chronic H* retention predisposes to calcium
nephrolithiasis [2—4] and low bone mass [6-8].

The routine diagnosis of idRTA is based on urine pH
measurements after a defined acid load, originally described
by Wrong and Davies [9]. They arbitrarily loaded patients
with 0.1 g ammonium chloride (NH,CI) per kg of body
weight which was considered to produce maximally acid
urine. An inability to lower urine pH below 5.3 without sys-
temic acidosis signifies a “subtle” defect in distal tubular H*
secretion [9]. However, the high NH,Cl dose applied often
causes gastric irritation and vomiting [5, 10]. Alternatively,
administration of furosemide and fludrocortisone with sub-
sequent urine pH measurements produces equal results with
better tolerance [5, 10].

We previously introduced lower NH,CI loading (0.05 g/
kg body weight) over 3 days [11, 12]. This never caused
vomiting, and the drop in urine pH matched the results of
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the classic test, although a formal direct comparison of both
protocols was not performed [11]. For practical reasons, we
later developed a 1-day test with the same NH,CI load in
3 doses before main meals. In healthy controls, urine pH
fell by 0.62 units to below 5.45 without systemic acidosis
[8]. This NH,Cl test was applied in the present prospective
11-year study in order to establish gender prevalences of
idRTA among unselected consecutive idiopathic calcium
stone formers (ICSF). Moreover, we studied gender-matched
pairs of idiopathic calcium stone formers (ICSF) with and
without idRTA and assessed the impact of alkali treatment
on stone recurrences in those with idRTA.

Subjects and methods

Whole stone-former cohort 2006-2016

From 2006 until 2016, 531 consecutive renal stone formers
(380 men, 151 women), aged 17 to 82 years, were referred to
our Kidney Stone Center by hospital or practicing urologists
for metabolic evaluation.
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Table 1 Prevalence of major pathophysiologic risk factors among 386 consecutive idiopathic calcium stone formers (ICSF) 2006-2016
Parameter Prevalence overall Prevalence 280 men Prevalence 106 women P value (c2)
men vs.
women
COM stones 190 (49.2%) 152 (54.3%) 38 (35.9%) <0.0001
COD stones 37 (9.6%) 24 (8.6%) 13 (12.3%) <0.025
CaP stones 15 (3.9%) 9 (3.2%) 6 (5.7%) NS
COM/COD stones 50%/50% 10 (2.6%) 9 (3.2%) 1(0.9%) <0.05
CaOx/CaP stones 48 (12.4%) 33 (11.8%) 15 (14.2%) NS
Calcium (radiopaque) stones 86 (22.3%) 53 (18.9%) 33 (31.1%) <0001
Protein intake (> 1 g/kg/d) 265 (68.7%) 201 (71.8%) 64 (60.4%) <0.001
Low volume (<2000 ml/d) 197 (51.0%) 146 (52.1%) 51 (48.1%) NS
Pattern of idRTA/dRTA 65 (16.8%) 38 (13.6%) 27 (25.5%) (1 complete dRTA)  <0.001
Hypocitraturia (< 1.7 (m)/ < 1.9 (f) mmol/d) 63 (16.3%) 41 (14.6%) 22 (20.8%) <0.025
Hypercalciuria (>9 (m)/> 8 (f) mmol/d) 60 (15.5%) 41 (14.6%) 19 (17.9%) NS
Hyperoxaluria (> 0.44 mmol/d) 42 (10.9%) 37 (13.2%) 5 (4.7%) <0.0001
Hyperuricosuria (> 5 (m)/> 4 (f) mmol/d) 32 (8.3%) 25 (8.9%) 7 (6.6%) NS

Normal values are based on 24 h-urine excretion rates previously obtained from 103 male and 73 healthy female Swiss volunteers on a habitual

Swiss diet [14]. ICSF idiopathic calcium stone formers

Idiopathic calcium stone formers (ICSF)

There were 451 calcium stone formers, 65 of whom were
excluded due to secondary causes (bariatric surgery, pri-
mary hyperparathyroidism, Crohn’s disease/colitis ulcerosa,
medullary sponge kidney, treatment with carboanhydrase
inhibitors or HIV medication). Thus, 386 patients remained,
none of whom had a history of autoimmune disorders or had
received immunomodulatory medication, and therefore were
classified as idiopathic calcium stone formers (ICSF).

Matched-pair substudy

For more equilibrated comparisons due to the strong female
preponderance among idRTA patients (results), we formed
62 pairs of idiopathic calcium stone formers (ICSF) with and
without idRTA, matched for gender, age, BMI and serum
creatinine. Eleven idiopathic calcium stone formers (ICSF)
with idRTA and positive family history for nephrolithiasis
were also part of a recent genetic study [13].

Laboratory evaluation
Stone clinic procedure

According to our protocol [14], patients had dinner by 7:00
p-m., as alkali-rich late dinners could falsely raise urine pH
[15]. Patients did not drink after midnight. The next day, first
urine was voided at home, before fasting blood and urine
were obtained at the stone center [8, 14]. Fasting whole
blood was analyzed for ionized calcium, sodium, potassium,

urea and creatinine (blood gas analyzer, i-STAT) and for
phosphate, 25-OH-vitamin D and parathyroid hormone
(UNILABS, Diibendorf/Switzerland). Urine was tested for
infection (dipstick), and pH was measured by ion-selective
electrode (Metrohm 744 pH meter).

24 h-urine

On free-choice diet, patients twice collected 24 h-urines.
Routine chemistries were determined by autoanalyzer, and
oxalate and citrate by ion chromatography. Creatinine clear-
ance was calculated [16]. Prevalence of 24 h-urine abnor-
malities was assessed using normal values obtained from
healthy Swiss volunteers [14] (see Table 1). Normal urine
volume was defined as >2,000 ml/d [17]. Intake of salt and
total protein was calculated from 24-h urine sodium and urea
[18] as follows:

- Urine-Na (mmol/d) X 0.058 = grams salt/day.

- [Urine-Urea X 0.18] 4+ 13 = grams protein/day. This value
was normalized to kilograms normal body weight by the
Broca index (Height (cm) - 100 = kg normal weight).

Urinary calcium oxalate supersaturation in 124 idiopathic
calcium stone formers (ICSF) (matched-pair substudy) was
calculated using Tiselius” AP (CaOx) index EQ [19].

Fasting morning urine pH measurements and NH,Cl
loading

Fasting urine pH (normal <5.80) was measured at the

stone clinic (pH meter) and by idiopathic calcium stone
formers (ICSF) at home (fine-graded test strips). If urine
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pH was > 5.8 in 4 out of 5 measurements, patients under-
went /-day NH,CI loading [8]. This procedure had been
approved by the Ethics Committee of the Canton of Zurich
[8]. Patients ingested NH,Cl, 0.05 g/kg body weight/day, in
400 mg-capsules, 3 doses/day at home, 25 min before meals.
After an overnight fast of 12 h, second morning fasting urine
and venous blood were analyzed. Normal values are urine
pH <5.45 and venous bicarbonate > 20.5 mmol/1 [8]. NH,C1
was generally well tolerated; 1/3 of patients reported slight
nausea, but never vomiting.

Stones per patient and stone types

Stones per patient were defined as the sum of reported spon-
taneous stone passages plus the number of urologic interven-
tions (URS, ESWL, open surgery) plus the number of loose
stones remaining in kidney pelvis/calyces on CT scans or
X-rays.

Results of stone analyses (X-ray diffraction or infrared
spectroscopy) were either provided by referring urologists
or obtained from stone specimens directly delivered to us.
Stone types were named according to the major component,
if this amounted to > 65%, or were categorized as mixed
stones. If stone analysis was unavailable, stones were cat-
egorized as “calcium” or “non-calcium” according to X-ray
or CT scans.

386 ICSF
(280 men, 106 women)

—

Fasting U-pH < 5.8
250 Non-dRTA ICSF

~N

Fasting U-pH > 5.8
136 ICSF

'
NH,Cl loading

/ T

U-pH < 5.45 =
71 Non-idRTA ICSF U-pH > 5.45 ; 65 ICSF with

/ distal RTA pattern = 16.8 %
v ® 27/106 ? = 25.5 % minus
250 + 71 Non-dRTA ICSF = 1 complete dRTA

= % i
321 Non-idRTA ICSF 26/106 = 24.5% |dRTA
S —— o 38/280 & = 13.6 % idRTA

(all incomplete)

Fig.1 Flow diagram of fasting urine pH screening and ammonium
chloride loading in 386 consecutive idiopathic calcium kidney stone
formers (ICSF) 2006-2016. NH,Cl=ammonium chloride, dRTA dis-
tal renal tubular acidosis, idRTA incomplete distal renal tubular acido-
sis. Prevalence of idRTA in women amounts to 24.5% (26 out of 106
after deduction of 1 patient with complete dRTA)
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Imaging studies

For initial evaluation, CT scans obtained from referring
urologists were mainly used. If CT scans were missing,
they were performed at our institution. For the matched-
pair subanalysis, an experienced uroradiologist (G.K.), una-
ware of the patients’ metabolism, re-screened all available
CT scans at the time of referral and counted the number of
tissue calcifications as well as loose kidney stones in both
kidneys/ureters.

Treatments and follow-up

All idiopathic calcium stone formers (ICSF) received
20 min of dietary recommendations (B.H.), individual-
ized according to personal preferences (evident from
diet histories). The principles consisted of significantly
increasing fluid intake, raising calcium consumption with
meals/snacks in order to reduce intestinal oxalate uptake,
and equilibrating dietary acid—base balance by reducing
meat protein to one serving per day while ingesting at
least 3 servings of alkali (vegetables, salad, fruit) [20].
This strategy significantly reduces urinary calcium oxalate
supersaturation [20]. After 3—4 months, control 24 h-urine
and dietary protocols were obtained and discussed with
the patients before they were sent back to their referring
physicians/hospitals. Further controls at our stone center
were only carried out upon specific request.

Among the 62 matched pairs, those with idRTA, but not
those without, were strongly recommended and prescribed
long-term potassium citrate (40-60 meq/day) besides
dietary measures. Between 4 and 15 years after treat-
ment initiation, idRTA patients were contacted by phone
(B.H.) in early 2021 and asked (1) whether they had been
adherent to alkali until the phone call; and (2) how many
spontaneous stone passages or urologic interventions had
occurred since the therapeutic recommendation. Accord-
ingly, idRTA patients were retrospectively subdivided into
adherents vs. non-adherents to alkali.

Statistics

All data are means + SD. For 24 h urine, mean values of
2 collections were used. Comparisons within (paired ¢
test) and between (unpaired ¢ test) groups were performed
by Student’s ¢ test. Frequencies of features between 2
groups were compared using Chi square statistics. Selec-
tion of matched pairs of idiopathic calcium stone form-
ers (ICSF) was performed using IBM SPSS statistics for
Windows, Version 25 (IBM Corp., Armonk NY, USA).
p values < 0.05 were considered statistically significant.
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jl'a.ble 2 .Main _features of Parameters idRTA idiopathic Matched idiopathic p value
idiopathic calc1un.1 st9ne calcium stone formers calcium stone formers
formers (ICSF) with idRTA and (ICSF) (62) (ICSF) (62)
without idRTA, matched for
age, gender, body-mass index Hypercalciuria 15/62 (24.2%) 8/62 (12.9%) <0.025
and serum creatinine 24 h-urine citrate < 2.0 mmol/d 20 /62 (32.3%) 14/62 (22.6%) <0.05
Pure CaOx stones 22/62 (35.5%) 38/62 (61.3%) <0.0005
Stones with CaP 23/62 (37.0%) 5/62 (8.1%) <0.0001
Stones/years of disease 1.36 £1.50 0.92+0.79 0.034
Loose stones/idiopathic calcium stone form- 0.79 +1.50 0.82+1.11 NS
ers (ICSF) (radiologic findings)
idiopathic calcium stone formers (ICSF) 42/57 (73.7%) 29/55 (52.7%) <0.005
with intrarenal calcifications
Intrarenal calcifi- cations/patient 4.61+5.85 1.84+3.63 0.002

idRTA incomplete distal renal tubular acidosis, /CSF idiopathic calcium stone formers. For details, see text

LTSRN

Fig.2 CT scan demonstrating a loose intracalyceal stone in the right
kidney (arrow) and papillary calcifications in both kidneys

Results
Whole stone former cohort

Body mass index (BMI) was 27.0 + 4.6 kg/m?, and 22% of
stone formers were obese (BMI > 30 kg/mz, 21.6% men,
23.0% women). Recurrent stone formation was present in
89.5%, and 247 patients (46.5%) had a positive family his-
tory. Mean number of stones was 7.8 +13.8 (range 1-156).
Stone number was much higher in cystinurics (26.6 +32.8
stones). Stone types were 84.9% calcium, 10.4% uric acid,
1.5% mixed calcium oxalate/uric acid, 1.5% infection and
1.7% cystine stones.

Idiopathic calcium stone formers ICSF (n=386)
Figure 1 shows that fasting urine pH remained > 5.80 in

136 out of 386 ICSF who thus underwent NH,Cl1 loading:
acidification was normal in 71 cases, but 65 failed to lower

pH, indicating disturbed distal renal-tubular acidification.
With venous bicarbonate remaining within normal limits,
64 patients had incomplete dRTA, and only one female idi-
opathic calcium stone formers (ICSF) had complete dRTA.
Overall, idRTA was the third-most common stone risk factor
among idiopathic calcium stone formers (ICSF).

The prevalence of incomplete dRTA in women is almost
double that in men (Fig. 1). In comparison with Non-idRTA
patients, idiopathic calcium stone formers (ICSF) with
idRTA were younger (44 + 16 vs. 51 + 18 years, p =0.0002)
and more often had a positive family history (52 vs. 47%,
p <0.05). Blood parameters showed lower serum potassium
in idRTA patients (3.91 +£0.32 vs. 4.00+0.36, p=0.016).
When comparing the 71 idiopathic calcium stone formers
(ICSF) without idRTA who underwent NH,CI loading (see
Fig. 1) to those with manifest idRTA, venous bicarbonate
before (27.68 +2.56 mmol/l with vs. 27.42 +4.50 without
idRTA) as well as after acid loading (26.55+2.56 mmol/l
with vs. 26.12 +3.78 mmol/l without idRTA) did not dif-
fer between groups. A significant decrease in venous bicar-
bonate after acid loading was noted, both in patients with
idRTA (—1.13 +2.32 mmol/l, p=0.0002 vs. before) and in
those without (— 1.30 +3.96 mmol/l, p <0.00001 vs. before),
without group differences. Venous pH before (7.364 +0.040
with vs. 7.358 +0.054 without idRTA) and after acid loading
(7.357+0.048 with vs. 7.347 +0.054 without dRTA) was
also not different between groups.

While 24-h urinary oxalate, uric acid, urea, phosphate,
citrate and magnesium did not differ between idRTA and
Non-idRTA patients (data not shown), idiopathic calcium
stone formers (ICSF) with idRTA exhibited higher 24-h
urinary calcium excretion (7.0 +3.2 vs. 5.9+ 1.8 mmol/d,
p=0.003). This was not explained by differences in sodium
and protein consumption, known modifiers of calciuria [21].
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Matched-pair substudy
Clinical and laboratory data

Of the 64 idiopathic calcium stone formers (ICSF) with
idRTA, 62 could be matched to 62 Non-idRTA patients
for gender (26 women/36 men in each group), age (44 + 16
vs. 44 + 16 years), BMI (24.7 +4.0 vs. 24.2 +3.2 kg/m?),
and serum creatinine (77 + 16 vs. 82 +24 pmol/l). Venous
bicarbonate, Ca™, 25-OH-vitamin D and creatinine clear-
ance were not different between groups (data not shown). By
definition, fasting urine pH was higher in idRTA patients,
both before (6.45+0.47 vs. 6.08 +1.03, p=0.05) and after
NH,CI (5.93+0.47 vs. 5.17 +0.40, p=0.0002). As depicted
in Table 2, hypercalciuria and low citrate (< 2.0 mmol/24 h)
were more common among idRTA patients. All other
24 h-urine parameters were not different between groups,
nor was calcium oxalate supersaturation (0.91 +0.47 with
idRTA vs. 0.89 +£0.55 without, p =0.65).

Associated pathologies, stone history, stone types
and radiological stone burden

Patients with idRTA rather had formed apatite/brushite, but
more rarely calcium oxalate stones (Table 2). Numbers of
stones per years of disease were higher in idRTA patients,
indicating more active disease. Finally, initial CT scans were
available for 57 out of 62 idiopathic calcium stone formers
(ICSF) with and 55 out of 62 without idRTA for re-evalu-
ation. Figure 2 distinguishes a small calyceal loose stone
from bilateral intrarenal (papillary) calcifications. At equal
numbers of loose stones, idRTA patients exhibited 2.5-fold
more intrarenal calcifications (Table 2).

Impact of long-term alkali treatment

We lost 13 idRTA patients to follow-up. Of the remaining 49
idRTA patients, 30 were still adherent to alkali 4-15 years
after treatment initiation, but 19 had stopped or never taken
medication. After the phone contact, two female non-adher-
ents returned to our stone clinic: transition from idRTA
(venous bicarbonate 23.8 mmol/l in 2009) into mild com-
plete dRTA (venous bicarbonate 20.3 mmol/1 in 2021) in
one, and a tremendous increase in the number of intrarenal
calcifications on CT (from 15 in 2009 to 48) in the other
non-adherent female were noted.

At equal follow-up time periods (6.9 + 3.2 years in adher-
ents vs. 7.2 +2.9 years in non-adherents), 53% (10/19) of
non-adherents to alkali reported clinical stone events during
follow-up vs. 33% (10/30) of adherents (p <0.05). Moreover,
clinical stone event numbers per years of follow-up were
5.5-fold higher in non-adherents (0.61 +0.92, range 0-3.33/
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year) than in adherents to alkali (0.11+0.21, range 0—1.33/
year, p=0.006).

Discussion

The present study represents the largest prospective long-
term evaluation for idRTA in non-selected idiopathic
calcium stone formers (ICSF) to date. Four key findings
emerge: first, NH,CI loading at half the “classic” dose can
be performed at home with results equal to those originally
published [9]; second, incomplete idRTA is highly prevalent,
especially in women; third, idRTA patients exhibit more
active stone disease and more marked nephrocalcinosis; and
fourth, alkali therapy reduces clinical stone recurrences in
idRTA patients.

The original NH,Cl loading test requires serial blood and
urine measurements in a hospital unit (5, 9, 10), and the
high NH,C1 dose often causes unpleasant gastrointestinal
side effects [5, 10]. The key criteria for diagnosing idRTA
is the drop in urine pH [9]. In the 10 normals of the original
test, average urine pH had fallen by 0.7 units, from about 5.5
(extrapolated from Fig. 1 in [9]) to 4.81. After lower-dose
NH,C1 loading, our 21 healthy controls lowered their aver-
age urine pH by 0.62 units (5.71-5.09) [8], and Non-idRTA
patients in the present matched-pair substudy reduced mean
pH by even 0.91 units (6.08-5.17). Moreover, our controls
exhibited an acidemic reaction (blood pH fell by 0.03 units)
and a drop in urinary citrate, a sensitive marker of renal
intracellular acidosis [8]. Thus, our better tolerated proce-
dure appears to be a valid alternative for screening subtle
defects in distal tubular acidification. In addition, the test
can be performed at home and thus is more practical for
outpatient evaluation which may be important at times of
restricted health care budgets.

Widely variable prevalences between 2.3% and 31%
[22, 23] have been described for idRTA. Our overall preva-
lence of 16.8% matches the 13.7% that others have found
in stone formers of both genders [24]. The prevalence was
unexpectedly high in women, as every fourth female idi-
opathic calcium stone formers (ICSF) exhibits idRTA. This
matches the findings in patients with low bone mass [8] and
resembles earlier findings [2, 22, 23]. The reason for this
remains unclear, also because autoimmune disorders—more
common in females and predisposing to idRTA—were not
represented among our idiopathic calcium stone formers
(ICSF). However, our findings certainly explain why stud-
ies exclusively [12] or mainly [5] investigating men found
lower idRTA prevalences.

We confirm that idRTA patients are younger [22, 24, 25],
and more often have a positive family history of stones [22]
and lower serum potassium [5, 24]. The higher urinary cal-
cium in stone formers with idRTA, not explained by higher
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salt and protein intake, most likely is due to idRTA itself, as
chronic acid retention raises calciuria by combined effects of
calcium mobilization from bone and reduced renal tubular
calcium reabsorption [21, 26].

We find that idiopathic calcium stone formers (ICSF) with
idRTA exhibit more active disease. Intuitively, the increase
in stone activity by almost 50% must relate to the reten-
tion of H* ions which permanently favors urinary calcium
phosphate crystallization by elevated urine pH, increased
calciuria and reduced urinary citrate excretion, as intracel-
lular acidosis induces a rise in citrate uptake by tubular cells
[4]. Altogether, idRTA represents a subclinical acidotic or
“preacidotic” [5] state which manifests initially with eubi-
carbonatemic H + -retention [27] and may progress to mild
complete dRTA, as indicated by one of our idiopathic cal-
cium stone formers (ICSF) (see results). Indeed, a recent
analysis has nicely demonstrated that idRTA apparently is a
continuous trait [5] which may allow for transitions to overt
dRTA over time. The abnormality might be either acquired
or genetic [28]. Evidence for the latter, however, was only
found in 10% of idRTA patients with positive family history
for stones in a recent genetic study [13].

We demonstrate that idRTA stone formers exhibit more
pronounced nephrocalcinosis. Previously, nephrocalcinosis
was found in 29% of distal RTA patients [29]. The CT scan
analysis in our highly active idiopathic calcium stone form-
ers (ICSF) revealed 74% calcifications in idRTA patients,
and the number of calcifications were 2.5-fold higher than in
Non-idRTA patients. It appears conceivable that nephrocal-
cinosis is a consequence of idRTA, since chronic H* reten-
tion increases the release of calcium and phosphate from
bone into blood which may promote intrarenal calcifications
[26], as impressively demonstrated by one of our idRTA
patients never taking alkali (see results). On the other hand,
preexisting calcifications, for instance following pyelone-
phritic tissue necrosis, might secondarily impair renal H*
excretion.

An important finding is the effect of long-term alkali
treatment in idRTA patients. Chronic alkali treatment, well-
known to reduce stone recurrences also in Non-idRTA-
ICSF, is considered the cornerstone of therapy in idRTA
[28], although prospective studies on alkali treatment are
rare. In 9 highly active stone formers with idRTA, potassium
citrate completely inhibited new stone formation [30]. Our
retrospective comparison of alkali-adhering to non-adhering
idRTA patients demonstrates that clinical stone recurrences
are 5.5-times less frequent in those adhering to long-term
alkali treatment. The most important long-term effect of
alkali therapy, however, might be the inhibition of progres-
sive nephrocalcinosis.

Limitations of the study are that, although data had been
collected prospectively, we retrospectively re-analyzed
endpoints such as number of stones and calcifications on

CT scans. In addition, patients with idRTA were not pro-
spectively randomized to alkali treatment vs. no alkali, but
only subdivided into adherents vs. non-adherents to alkali
with respective clinical outcomes, based on personal phone
interviews.

In conclusion, this study establishes key features of
idRTA (summarized above). In idiopathic calcium stone
formers (ICSF with hypercalciuria, low urinary citrate and
fasting morning urine pH > 5.8 as well as apatite or brush-
ite stones, searching for idRTA seems mandatory. The high
prevalence of idRTA among I idiopathic calcium stone
formers (CSF), the higher activity of stone disease and the
more marked nephrocalcinosis in those with idRTA as well
as the beneficial effect of alkali treatment on clinical stone
recurrences raise the question whether or not calcium stone
formers with idRTA should still be classified as “idiopathic”.

Acknowledgements The assistance of Silvia Lenz in collecting/manag-
ing data is greatly appreciated.

Author contributions JS: Data analysis, data management, manuscript
editing. GK: Data collection, data management, manuscript editing.
MEF: Project development, data collection. BH; Protocol/project devel-
opment, data collection, data management, data analysis, manuscript
writing/editing.

Funding No funding was received for conducting this study.

Declarations

Conflict of interest The authors have no conflicts of interest to declare
that are relevant to the content of this article.

Ethics approval Approval was obtained from the ethics committee of
the University of Zurich. The procedures used in this study adhere to
the tenets of the Declaration of Helsinki.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Maurer M, Riesen W, Muser J, Hulter HN, Krapf R (2003) Neu-
tralization of western diet inhibits bone resorption independently
of K intake and reduces cortisol secretion in humans. Am J Phys-
iol 284:F32-F40

@ Springer


http://creativecommons.org/licenses/by/4.0/

1626 Journal of Nephrology (2022) 35:1619-1626
2. Osther PJ, Hansen AB, Rohl HF (1989) Distal renal tubular aci- 18. Hess B (1998) ‘Bad dietary habits’ and recurrent calcium oxalate
dosis in recurrent renal stone formers. Dan Med Bull 36:492-493 nephrolithiasis. Nephrol Dial Transplant 13:1033—-1038
3. Gluck SL (1998) Acid-base. Lancet 352:474-479 19. Tiselius H-G (1991) Aspects of estimation of the risk of calcium
4. Hess B (2006) Acid—base metabolism: implications for kidney oxalate crystallization in urine. Urol Int 47:255-259
stone formation. Urol Res 34:134-138 20. Sromicki J, Hess B (2020) Simple dietary advice targeting five
5. Dhayat NA, Gradwell MW, Pathare G, Anderegg M, Schneider L, urinary parameters reduces urinary supersaturation in idiopathic
Luethi D, Mattmann C, Moe OW, Vogt B, Fuster DG (2017) Furo- calcium oxalate stone formers. Urolithiasis 48:425-433
semide/Fludrocortisone test and clinical parameters to diagnose 21. Lemann J, Adams ND, Gray RW (1979) Urinary calcium excre-
incomplete distal renal tubular acidosis in kidney stone formers. tion in human beings. N Engl J Med 301:535-541
Clin J Am Soc Nephrol 12:1507-1517 22. Tto H, Kotake T, Suzuki F (1993) Incidence and clinical features
6. Rodriguez Soriano J (2002) Renal tubular acidosis: the clinical of renal tubular acidosis-1 in urolithiasis. Urol Int 50:82-85
entity. ] Am Soc Nephrol 13:2160-2170 23. Backman U, Danielson BG, Sohtell M (1976) Urine acidifica-
7. Domrongkitchaiporn S, Pongsakul C, Stitchantrakul W et al tion capacity in renal stone formers. Scand J Urol Nephrol Suppl
(2001) Bone mineral density and histology in distal renal tubular 35:49-61
acidosis. Kidney Int 59:1068—1093 24. Shavit L, Chen L, Ahmed F, Ferraro PM, Moochhala S, Walsh
8. Sromicki J, Hess B (2017) Abnormal distal renal tubular acidifi- SB, Unwin R (2016) Selective screening for distal renal tubular
cation in patients with low bone mass: prevalence and impact of acidosis in recurrent stone formers: initial experience and com-
alkali treatment. Urolithiasis 45:263-269 parison of the simultaneous furosemide and fludrocortisone test
9. Wrong O, Davies HEF (1959) The excretion of acid in renal dis- with the short ammonium chloride test. Nephrol Dial Transplant
ease. Quart J Med 28:259-313 31:1870-1876
10. Walsh SB, Shorley DG, Wrong OM, Unwin RJ (2007) Urinary 25. Backman U, Danielson BG, Johansson G, Ljunghall S, Wikstrom
acidification assessed by simultaneous furosemide and fludrocor- B (1980) Incidence and clinical importance of renal tubular
tisone treatment: an alternative to ammonium chloride. Kidney Int defects in recurrent renal stone formers. Nephron 25:96-1010
71:1310-1316 26. Alexander RT, Cordat E, Chambrey R, Dimke H, Eladary D
11. Hess B, Michel R, Takkinen R, Ackermann D, Jaeger Ph (1994) (2016) Acidosis and urinary calcium excretion: insights from
Risk factors of low urinary citrate in calcium nephrolithiasis: low genetic disorders. ] Am Soc Nephrol 27:3512-3520
vegetable fibre intake and low urine volume to be added to the list. 27. Wesson DE (2021) The continuum of acid stress. Clin J] Am Soc
Nephrol Dial Transplant 9:642-649 Nephrol 16:1292-1299
12. Arampatzis S, Ropke-Rieben B, Lippuner K, Hess B (2012) Prev- 28. Fuster DG, Moe OW (2018) Incomplete renal tubular acidosis and
alence and densitometric characteristics of incomplete distal renal kidney stones. Adv Chronic Kidney Dis 25:366-374
tubular acidosis in men with recurrent calcium nephrolithiasis. 29. Brenner RJ, Spring DB, Sebastian A, McSherry EM, Genant HK,
Urol Res 40:53-59 Palubinskas AJ, Morris RC (1982) Incidence of radiographically
13. D’Ambrosio V, Azzara A, Sangiorgi E et al (2021) Results of a evident bone disease, nephrocalcinosis, and nephrolithiasis in var-
gene panel approach in a cohort of patients with incomplete distal ious types of renal tubular acidosis. N Engl J Med 307:217-221
renal tubular acidosis and nephrolithiasis. Kidney Blood Press Res 30. Preminger GM, Sakhaee K, Skurla C, Pak CYC (1985) Preven-
46:469-474 tion of recurrent calcium stone formation with potassium citrate
14. Hess B, Hasler-Strub U, Ackermann D, Jaeger Ph (1997) Meta- in patients with distal renal tubular acidosis. J Urol 134:20-23
bolic evaluation of patients with recurrent idiopathic calcium
nephrolithiasis. Nephrol Dial Transplant 12:1362-1368 Publisher's Note Springer Nature remains neutral with regard to
15. Israni AK, Kasiske BL (2012) In: Taal ML et al (eds) Brenner and jurisdictional claims in published maps and institutional affiliations.
Rector’s the kidney, 9th edn. Elsevier Saunders, pp 868—-896
16. Toto RD (1995) Conventional measurement of renal function
utilizing serum creatinine, creatinine clearance, inulin and para-
aminohippuric acid clearance. Curr Opin Nephrol Hypertens
4:505-509
17. Robertson WG (2016) Dietary recommendations and treatment of

patients with recurrent idiopathic calcium stone disease. Urolithi-
asis 44:9-26

@ Springer



	Prospective long-term evaluation of incomplete distal renal tubular acidosis in idiopathic calcium nephrolithiasis diagnosed by low-dose NH4CL loading – gender prevalences and impact of alkali treatment
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Graphical abstract

	Introduction
	Subjects and methods
	Whole stone-former cohort 2006–2016
	Idiopathic calcium stone formers (ICSF)
	Matched-pair substudy

	Laboratory evaluation
	Stone clinic procedure
	24 h-urine
	Fasting morning urine pH measurements and NH4Cl loading

	Stones per patient and stone types
	Imaging studies
	Treatments and follow-up
	Statistics

	Results
	Whole stone former cohort
	Idiopathic calcium stone formers ICSF (n = 386)

	Matched-pair substudy
	Clinical and laboratory data
	Associated pathologies, stone history, stone types and radiological stone burden
	Impact of long-term alkali treatment

	Discussion
	Acknowledgements 
	References




