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Summary. Sitone analyses (kidney, upper urinary
tract) of the department of Urology, University

of Erlangen, from a four-year-period (1874-1977)
have been recorded with emphasis to stone compo-
sition, sex and age of the pertinent stone forming
patients.

During this time period there were no substan-
tial changes as regards the per cent frequency of
the various stone types. The most frequent type
was calcium oxalate (CaOx), followed by uric acid,
calcium phosphate (CaP), struvite and cystine.
Stone analyses were mostly requested for patients
between 46 and 55 years of age. Stone incidence
in our clinic is calculated to be 1.22 times higher
in males than females, especially beyond 36 years
of age. The frequency peaks are: pure (= 100 per
cent) CaOx 36-45 years; CaOx with additional
mineral phases (mostly CaP) 46-55 years; uric
acid 56-65 years; CaP 26-35 years.

From those patients who underwent further in-
vestigations in searching for metabolic abnormali-

ties serum concentrations, urine mineral clearances

in fasting urine samples, and activity products of
stone forming mineral phases in sequentially col-
lected specimens from 24 h and 2 h fasting urine
had been measured and compared with values from
healthy control subjects. In urolithiasis (idiopath-
ic) there is a normal parathyroid hormone blood
level, a generally lower serum inorganic phos-
phate and magnesium concentration.

In pure (= 100 per cent) CaOx and uric acid
lithiasis serum uric acid and creatinine are high-
er than in controls, urine pH and calcium clear-
ance in some groups are different too. Clearances
of magnesium, uric acid, phosphate, sodium are
within normal limits in urolithiasis. When expres-

sing the propensity to form stones in terms of ac-
tivity products, then only uric acid lithiasis devi-
ates substantially from normal. All other stone
types differ only slightly or not at all from each
other and controls respectively.

It is concluded that 1) in our geographic re-
gion the various stone types prevail in different
age periods; 2) there are distinct alterations
of parameters of mineral metabolism in urolithia-
sis; 3) measuring urine clearances may lead to as-
sume falsely normal mean urine excretion of
stone forming constituents.

Key words: Kidney stone analyses, Sex and age,
Mineral metabolism data, Serum and urine,
Activity products.

In the past years European (1, 6) and worldwide
(4,10,11,21) investigators have reported data on
the frequency of urolithiasis, but very dissimilar
conditions have been encountered. As regards the
relative contribution of the various stone types
there are different opinions, especially in respect
to uric acid lithiasis where figures vary from 5 to
30 per cent. Markedly less information is avail-
able on the activity products of stone forming min-
eral phases in a given stone type included.

The aim of this work is threefold: 1) to report
the frequency of upper urinary tract stones in our
stone clinic within a short period as based on stone
analysis records; 2) to describe, when knowing
stone composition in a representative number of
stone types, changes of mineral metabolism utilis-
ing those criteria presently practised in many hos-
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Fig. 1. Frequency of renal stones (no bladder stones; see Methods section) in relation to age and sex
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Fig. 2. Distribution of stones composed of pure CaOx (CaOx = 100%), CaOx (CaOx < 100> 75%), CaP
(pH > 75%) and uric acid (UA > 75%) according to age. For details see Methods

pitals; 3) to evaluate activity products using a
published nomogram (9).

MATERIALS AND METHODS

The study comprises two parts: A - Determination
of absolute and relative stone frequency; and stone
composition; B - Clinical investigations.

All stones stem from patients admitted to the
Department of Urology between January 1974 and
July 1977, and who either underwent surgery or

conservative intervention (loop extraction, antispas
modic drugs etc.). Cases with primary hyperpara-
thyroidism as a cause of stone formation were ex-
cluded. Stones, once analysis was available, were
not further categorized into organ regions (calix,
kidney, ureter) or whether they necessitated sur-
gery. The number of stone analyses also does not
correspond exactly with the number of stone pa-
tients seeking medical care during the same time
in this hospital as analysis was occasionally not
performed.

Each stone was analysed by polarisation micro-
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Fig. 3. Frequency of CaOx containing stones in relation to age and sex

scopy (20). When grouping on the basis of mineral
components we, from practical reasons, started
with the assumption that the dominant mineral
phase either took part in initial processes of nuclea-
tion resulting in formation of a nidus or, in later
growth periods, would better reflect the prevailing
urine milieu and metabolic circumstances, There-
fore, the lower limit for a detected mineral was
set at 75 per cent, Stones containing <75 per cent
or more than two phases were assigned "mixed"
stones, Calcium oxalate {CaOx) had been sub-
classified: 1) 100 per cent (= pure) CaOx; 2) at
least > 75 per cent but <100 per cent CaOx, the
remaining constituent(s) being mostly calcium
phosphate (CaP)l. In the uric acid type stone the
minor part (1-25 per cent) either was CaOx or
CaP, in the cap?! type stone CaOx and in some
cases struvite,

The clinical investigations were carried out ac-
cording to guidelines previously set out (17). In
brief: record of serum values, kidney function test
by a 2 h morning creatinine clearance, supply of a
24 h urine having been carefully collected accord-
ing to our written information while on unlimiteol
home diet. Only in struvite cases a previous pro-
teus infection of urine was documented, in all others
bacteria were missed several months preceding ex-
amination. Healthy controls were hospital person-
nel, students and physicians and family members
without a stone history or disorders of metabolism.

1 this context synonymous with brushite/apatite

Analyses in serum and urine: total and free
(= ultrafiltrable) calcium (fluorimetric titration
by EGTA, Calcein indicator), the latter after anae-
robic filtration of serum through Millipore filters/
chambers; phosphate and creatinine (colorimetry;
autoanalyser); sodium (flame photometry); magne-
sium (AAS); uric acid and oxalic acid enzymatically
(7, 15); urine pH (glass electrode); activity pro-
ducts by the Marshall and Robertson nomogram (9).

Parathyroid hormone by radioimmunoassay
utilising antibody 211/32, showing carboxy- and
amino-terminal antigenic recognition sites in a
modified earlier assay technique (16). Clearances
were calculated conventionally. Results are given
in means and 1 standard error (Gaussian distribu-
tion) or as median and range (non-Gaussian data).
Total variance of all groups was tested by the non-
parametric Kruskal-Wallis method (13), and sig-
nificanee of differences between two groups by
U-test (Mann-Whitney, 13).

RESULTS
A. Stone Frequency and Composition

1. Distribution of Analyses in the Observation
Period (Table 1). The number of analyses, separat-
ed for males and females and per year, are de-
picted. The second last column contains the figures
for the total period 1974-1977 and per cent frequen-
cy of males and females. The last column gives the
per cent contribution of each stone type in rela-
tion to the total number. The greatest frequency




165

D. Scholz et al.: Renal Stone Composition and Mineral Metabolism

onooﬂ\f STOJJU0D SA 000 > d 5 10 °0 > d q G0 0 > nH.m
(9)
10 8T1°0 $0 0 2170 60 "0 2 6¢ "0 g1°0 11°0  %9-1% S 4 (%0S/%0%)
Z% "0 28 o_mw T GL"'S €L 6 44! 6L°G 05 "4 IT'T  L°0§ L 231AnI18/ JBD
(9)
90 °0 220 90 0 L0°0 P10 2 S% 0 61°0 L0 0 1¢-0% 6 4
1% 0 LE ¢ G6 ' T 06 G 69 '6 £FT 12°6 LG "L 201 LE 11 (%GL<) deD
(171)
90 ‘0 60 0 £0°0 90 0 L0°0 T 0% "0 60 °0 $0°0  L9-G¢ 6 01
660  _V6°C nmm T 86 'S 086 SPT O_E ‘9 9% L 0T gUeY 61 (%SL <) proe d1IN)
(om)
60 "0 17°0 %0 0 90 0 80 "0 T €80 2170 600 €9-0¢ L e
0%°0  9T°€ L06°T 16 °G 69 '6 S¥T $6 ¢ v "L L6°0  6°0F 0% (%S L <001>) XOBD
(61)
S0 "0 1°0 20 0 90 0 G0 "0 T €270 80 0 €0°0 89-871 21 8z
070 ,8C°¢ nmm T 86 "G 28°6 A nmo 9 ge'L  ,90°T 9G¥ 0% (%0071 =) XO®D
(¢1)
€00 60 °0 €0 "0 90 0 L0°0 1 %20 80 0 €0°0 69-61 g7 12
£ °0 6G ‘¢ 20°2 00 9 9.6 A LT G 0¢ "L ¥6°0 €£°CF 9¢ ST0J1UO0D)
a3ue
[w /Teambe-3u  [p/8w  p/8w /8w 1p/Sw  1/TRAW 1P/ 8w /8 1p/8w Q.mmHM 5 ab
1 3
HIJ d SN Peq es eN v dL  1esad °dvy

STENPIATPUT JO JOqWINU ‘U {(S]830BJI( Ul SUOTIBUIUWIILISP JO JoquUInu) dUOWIOY plotiyjesed 9A110ESJ
-ounwwil ‘HIJd foyeudsoyd otuedaour ‘1 g ‘wnisouSew Tejoy ‘IS | 'dsoJa wnioTed aTqeJIITIFedIIn pue eio) ‘Pry pue ivd
‘wnipos ‘eN (p1oe otan ‘y ‘urejoad 1elo} ‘41 ‘eururleaJo ‘ead) -sjoolgns Joaiuocd AyiTesy Ul pUe SQUO0}S [BUSJ Jo s9dL)
SNOTJeA UM SjUailed Ul UOTIBUIIO] SUO}S 0} JUBAJTAJ (98ued pue uesw :ode 1dooxe ‘HQ 1 7 SUB9W) s3NJeA WNJIAG ‘g AIYRT,



Renal Stone Composition and Mineral Metabolism

Scholz et al. :

D.

(UOX0DTIM) STOIIUOD SA T00°0 >d _ 600 >d

(9) (9) (9) (9) (9) (9) (9)
LZ°1-9€°0 69 "21-25°¢ 6L 61769 "9 £8°¢-19°2 $L°2-08°0 €€ °L-LG°G  00°021-0L L% (%0S/%06)
$6 °0 80 6 GG g1 LG € LE°T 299 08°18 211anag/Jed

(o1) (11) (11) (6) (01) (o1) (11)

€T °1-6% 0 08°02-91°0 66 "9T1-LL "9 19 "6-60 "0 86 "€-¢S 0 TV L-P0°9 0% °SZ1-0%Z°S9
¥L°0 g9 '8 €017 e "% 161" T4 9 00 '¥6 (%SL <) dBD

(LT) (LT) (L1) (91) (LT) (oam) (81)
£0°2-£0°0 08 °%¥1-50 2 00 22-%% ¥ IL°€-9%G°0 92°2-21°0 0L°9-0T°¢ 00°I8T1-0C G2 (%G <
G590 80 "L €9 °1T 6% 2 L8°0 LS 00 °G8 p1oe otap

(02) (02) (02) (02) (02) (02) (02)
$8°1-80°0 $T°02-%T°1 01°02-06°2 0S°6-€9 0 18 '%-28 "0 GG L-0Z°'S 0Z°2IE-0%°9%  (%SL <001 >
080 9¢ '8 91-6 91°¢ 2812 8¢ '9 GG ‘g6 XO®’D

(ag) (Lg) (Lg) (¥¢) (9¢) (8¢) (6¢)

61°2-21°0 89 °91-19°T 96 °02-%9 2 09°6-20 1T 08 °¢~%%°0 G9°L-06"F £€£°981-GT°¢¢
9L°0 26 "L 06 '8 LL°Z 69 °1 66 °G 20°26 (%001 =) XO®D

(9g) (9¢) (9¢g) (9g) (9¢) (9¢) {9¢)

06 " T-LT°0 0T LI-00 ¢ L%2-%¢ "1 08°8-02°0 0L°2-9T°0 06°L-0Z2°C 09 €LT-0€ 1§
6L°0 £T°6 L6 €0 ¢ G% T 01°9 09 "G6 ST0I3U0D

utwI /Tux utur /T urwr /T utw /T uraI /T utaL /T

T
e : 3 e 1e8da
N v d, N SN 11d N

166

S19¥0®Iq Ul STENPIAIPUL JO JOqUINU {U2ALIS aJe a3ued pue UBIPOIA ‘g 9Ide.] 99S suoljeraddqde Jo,f ‘Hd Axeuran pue
‘Z @21qBJ, ul pajotdep SB STBNPIAIPUI SUIBS 9} Ul WINTPOS ‘pPIdE OIJdn ‘wnisoudeul ‘WINIo[ed ‘sulullesaJo Jo (D)) S9dueJdedad ‘g 2I9el



D. Scholz et al.: Renal Stone Composition and Mineral Metabolism

24 h-urine Fasting urine (2h)
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Fig. 4. Relative saturation products (medians)

of different stone forming mineral phases in 24 h
urine (left panel) and 2 h fasting urine (right pan-
el). For total number of specimens see figures
in Table 3. Calcium oxalate relative saturation
products are not available from CaP /Struvite
stones (Ph/Struvite 50/50; 24 h, 2 h urine) and
from CaP (Ph > 75; 2 h urine) owing to lack of
oxalate determinations

(per cent) have CaOx stones (=56), followed by uric
acid (= 17), CaP (= 8), struvite (= 2), cystine

(= 1) and "mixed" stones (s. Methods) (= 16). The
table also shows that, in the material available

to us, there is no shift toward a single concrement.
Except 1976, when the stone investigator of these
authors was not available throughout, the number
of stones analysed per year was comparable. It is
evident that males dominate in the uric acid stones
and females in the CaP stones.

2. Relationship of Analyses to Sex and Age of
Patients. Figure 1 shows all analyses obtained

and sub-divided in the underlying males and females
and into age periods of 10 years respectively. As
already visible from Table 1 (second last column,
bottom row), stones occur more frequently in
males than females. Up to five years of age stones
also are more frequent in boys than girls but eva-
luation is hampered by the small number. Females
are preponderant until the 35th year, whereas
males are preponderant in the remaining age ranges.
In both sexes stone frequency peaks between 46

and 55 years.
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3. Stone Types and Age of Patients. Figure 2 de-
picts the stone types la-3 from Table 1 (CaOx,

uric acid, CaP) in age ranges of 10 years irrespec-
tive of sex. Pure CaOx (= 100 per cent) represents
the most frequent stone type and it peaks between
36-45 years. This coincides with clinical experi-
ences that stone disease requires medical treat-
ment most often in this age. CaOx with additional

" phases does not peak until 46-55 years which, on

the basis of numerous reports, is the period of
life with most cases of documented primary hyper-
parathyroidism. In younger years uric acid stones
are a rare or missing disorder. Its peak is be-
tween 56-65 years. Conversely, when related to
the total number of analyses, CaP is a relatively
frequent stone only in younger people.

4. CaOx-Lithiasis. This type (groups la) and 1b)
of Table 1) has been considered as one group and
sub-classified according to age and sex of perti-
nent patients. Pure CaOx (= 100 per cent) in males
peaks between 36-45 years, in females between
56-65 years. CaOx with additional phases (mostly
CaP) is most frequent from 46-55 years in either
sex. Thus, although every stone type has its fre-
quency maximum in a different age period, the sum
of all stones is highest in the fifth and sixth decade
(s. Fig. 3).

B. Metabolic Data

1. Serum Values. Table 2 shows values of stone
types already characterised in Table 1 and two ad-
ditional groups of controls (n = 36; s. Methods)

and CaP /struvite lithiasis (50%/50%; n = 7). The
mean age is comparable but the ranges are smaller
in uric acid and CaP /struvite stones (35-67 and 41-
64 years) than in other stones and controls. Except
CaP all stones have lower magnesium than controls
and CaOx and uric acid stones have in addition
lower phosphate. Immunoreactive parathyroid hor-
mone, total and ultrafiltrable calcium are only in-
significantly higher in stones than controls and the
same holds for total protein. Uric acid in serum

is significantly elevated in pure CaOx and uric acid
lithiasis, whereas sodium concentration is equal in
all groups. Mean creatinine concentration in the
stone population, although in the normal range, is
slightly higher than in controls and the differences
are significant with pure CaOx and uric acid stones,
but not with CaOx containing additional mineral
phases.

2. Urine Values. Table 3 shows clearances and
pPH of controls and the stone groups. Only pH and
calcium clearance are different. pH is higher than
in controls in CaP stonesz, and pH is lower than

In this group four out of eleven CaP stones con-
tained 5-10 per cent struvite.
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in controls and other stones in those patients with
uric acid lithiasis; between pure CaOx and CaP
pH is different too.

Calcium clearance in uric acid stones is marked-
ly lower than in CaOx and CaP stones, and it is
higher than in controls in CaOx stones with addi-
tional mineral phases. Mean clearance values of
all other parameters studied, endogenous creatin-
ine clearance included, are not significantly dif-
ferent from values of the control group.

3. Activity Products (= relative saturation pro-
ducts; RSP) of Stone Forming Mineral Phases in
Urine. Figure 4 depicts RSP as estimated by the
nomogram (9), in aliquots of 24 h and 2 h fasting
urine. From the data of both urine qualities (24 h;
2 H) it is evident that RSP of calcium oxalate is in
the metastable range (0 until +1) in all groups.
Median values are: controls 0. 98; CaOx (Table 1;
la) 0. 95; CaOx (Table 1; 1b) 0. 88; uric acid 0. 80;
CaP 0.70. The total variance under either condi-
tion (24 h; 2 h collection period) does not allow to
consider RSP values as belonging to different popu-
lations, as already published in a previousg study
(14).

RSP of brushite (24 h) is lowest in uric acid
stones (H-value: 11. 97, P < 0. 05), but in all
groups brushite RSP is in the metastable range.

In fasting urine, generally undersaturated with
respect to brushite again this is most expressed
in uric acid stones (H-value 18.76, P < 0. 01).
The quality difference in RSP of brushite, i.e.
metastable range (24 h) versus undersaturation
range (2 h) mainly is based upon the higher urine
concentration of phosphate and calcium in 24 h
urine and the lower pH in the latter.

RSP of octa-~calcium -phosphate (H-values. 24 h
16.06, P< 0.01; 2h 25.2, P < 0.001) shows a pat-
tern similar to RSP of brushite, i.e. relative
saturation is least in uric acid stones. Converse-
ly, uric acid stones show the expected high RSP of
uric acid (H-values: 24 h 25.3, P< 0.001; 2 h 16. 7,
P < 0.01). RSP of sodium acid urate is greatest in
24 h urine of controls and in 2 h urine of CaOx
stones (< 100 < 75) (H-value: 11. 3, P < 0. 05).

DISCUSSION

A critical appraisal of data regarding occurrence
of stones is difficult as other investigators have
used different techniques and stone types have been
differently classgified (e. g. consideration of cal-
cium oxalate hydrates). In addition we deal with a
hospital population, whereas others deal ex-
clusively or mostly with stones referred to the
mineralogist /chemist.

With this in mind our percentage of calcium con-
taining stones (= 64) accords well with a US report
(22; = 66), less well with the reports of Herring

D. Scholz et al.
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(4; = 76), Takasaki (21; = 73) and Pantanowitz

(11; = 53). The figures for uric acid lithiasis vary
strongly among investigators, while our percent-
age (= 17) holds a mean position. There is also no
uniform view regarding the age maximum of stones:
20-29 years (21), 30-40 years (19), 41-45 years
(1)}, 35-55 years (6) and 46-55 years (this study).
The ratio male:female is reported to be 3:1 (6),

5:1 (19) and 1. 22:1 (this study). The age peak of
CaP (brushite /apatite) between 26-35 years ap-
pears noteworthy in regard to stones expected in
later years from those patients: one might specu-
late that formation of phosphate in younger years
generally could predispose to the later formation
of oxalate or mixed stones (phosphate(s) + oxalate).
An answer may be obtained by a careful analysis
of all stones containing, according to our defini-
tions, pure oxalate (= 100 per cent).

There is no shift detectable toward a single
concrement type over the observation period. But
this does not completely rule out small quantitative
deviations in composition of e. g. stones containing
calcium oxalate and phosphate, as reported by
Hodgkinson and Marshall (5) using chemical analy-
sis over a long interval (= relative increase of
oxalate and decrease of phosphate content).The
same authors find calcium phosphate as the pre-
dominent phase in stones of patients with primary
hyperparathyroidism (5). For similarly composed
stones (CaP, CaOx + additional mineral phases,
mostly phosphate) we, in this work, are unable to
confirm signs of hyperparathyroidism (vide infra).

A more critical representation of mineral
metabolism parameters than is widely practiced
in stones of varying composition seemed useful to
us. When viewing the age of participants, their
kidney function and general health state, all rather
comparable, then especially serum calcium (total
and free fraction) is unaltered in patients tco. As
compared with another report (12) showing a marked
hypomagnesaemia in calcium lithiasis independent
of glomerular filtration rate, serum magnesium
in the present study, albeit distinctly lowered in
stones, does not permit the diagnosis of hypomag-
nesaemsia in this disorder. As magnesium clear-
ance is normal it cannot account for our lower se-
rum values. It is unsettled whether small extra-
renal magnesium losses do occur and what role
they possibly play in stone forming processes.

Serum parathyroid hormone which can be stimu-
lated by hypomagnesaemia /hypocalcaemia is nor-
mal in all stone groups. Therefore, this data con-
cerning the various mineral components of stones,
does not help to substantiate the often suggested
role of parathyroid glands in classes of patients
with metabolically mediated lithiasis, at least not
under resting conditions after an overnight fast.

Conversely, hypophosphataemia in calcium
stones was repeatedly found by others and was
clearly documented by us. In addition, its occur-
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rence in uric acid lithiasis must be emphasised.
Phosphate clearance as a measure of renal phos-

phate excretion is widely used. However, one should

mistrust a normal phosphate clearance in the pres-

ence of low serum levels, e.g. in pure CaOx stones

and CaOx stones with another mineral phase,
where it may indeed mask a low phosphate excre-
tion (18). Both, low serum phosphate and a low
excretion rate in calcium stone formers, strong-
ly suggest an increased tubular reabsorption of
phosphate, what could be documented by us in a
selected group of patients (16). Whether phosphate
deficiency of extra-renal origin is operative in
them is unsettled. According to latest reports a
phosphate deficiency state could arise from di-
minished tubular phosphate reabsorption even in
selected stone formers and may be associated with
decreased tubular calcium reabsorption (3), thus
substantiating what has been coined renal hyper-
calciuria.

Hyperuricosuria, repeatedly found by us (18)
and others (2) in stones, is not reflected by the
normal uric acid clearance. Three factors may
be responsible: 1) hyperuricosuria is missed when
studying stone types rather than younger calcium
stone formers where the symptom is often found
(18); 2) mild but significant hyperuricaemia results
in calculated lower clearance values; 3) the slight-
ly lower creatinine clearance also contributes to
mean lower uric acid excretion rates, Most inter-
estingly, hyperuricosuria in terms of clearance
is not found in uric acid stone formers too. The
expected higher clearance of these patients may
have been prevented by the higher serum uric acid
concentration. Nonetheless, the primum movens in
idiopathic uric acid stone formation should not be
recognised in alterations of purine metabolism
but rather in the permanently low urine pH, a dis-
order of unknown origin.

An elevation of relative saturation product of
calcium oxalate has been described for calcium
lithiasis (8). We, under the present conditions of
investigation (stone policlinic, home diet) are un-
able to confirm those findings, as we had been un-
able to confirm them in a large number of calcium
stone formers and healthy controls (14). When us-
ing this nomogram (9) then it appears to us that
pH differences do exert an unduly strong influence
upon relative saturation products, especially on
brushite, octa-calcium-phosphate, uric acid and,
to a lesser extent, on sodium acid urate.
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