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Urolithiasis/Endourology

Adequacy of a Single 24-Hour Urine Collection for Metabolic

Evaluation of Recurrent Nephrolithiasis

Scott M. Castle, Matthew R. Cooperberg,* Natalia Sadetsky, Brian H. Eisner†
and Marshall L. Stoller‡,§
From the Department of Urology, University of California-San Francisco, San Francisco, California

Purpose: There is much debate about whether 1 or 2, 24-hour urinalyses are
adequate for metabolic evaluation of stone formers. We determined whether
repeat 24-hour urine collection provides information similar to that of the initial
24-hour urine collection and whether repeat collection is necessary.
Materials and Methods: We analyzed 2, 24-hour urine collections in 777 patients
obtained from 2001 to 2005. Samples were collected 3 days or less apart before
pharmacological intervention and analyzed elsewhere for routine stone risk
profiles of urine calcium, oxalate, citrate, uric acid, sodium, potassium, magne-
sium, phosphorus, ammonium, chloride, urea nitrogen and creatinine.
Results: No parameters showed a statistically significant difference between
24-hour urine samples 1 and 2 when mean values were compared (pairwise t test
each p �0.05, range 0.06 to 0.87). Using Pearson’s correlation all parameters
showed positive correlation coefficients (r � 0.68 to 0.89, each p �0.0001). The
mean of individual patient differences in samples 1 and 2 were compared to 0 and
6 of 12 showed no difference (p �0.05) while for the remaining 6 p value was
�0.05. The percent difference was 0.5% to 4.19% for all urinary parameters.
Conclusions: One 24-hour urine sample is sufficient for metabolic evaluation of
recurrent stone disease. There is no significant difference in 12 urinary param-
eters between 24-hour urine samples collected within 3 days of each other. This
information is useful to providers and may decrease patient inconvenience and
the overall cost of metabolic stone evaluation.

Submitted for publication December 6, 2009.
Study received institutional review board ap-

proval.
* Financial interest and/or other relationship

with Abbot Laboratories and Takeda Pharmaceu-
ticals.

† Financial interest and/or other relationship
with Ravine Group, PercSys and Boston Scientific.

‡ Correspondence Department of Urology,
University of California-San Francisco, Box 0738,
400 Parnassus A-633, San Francisco, California
94143 (telephone: 415-476-1611; FAX: 415-476-
8849; e-mail: mstoller@urology.ucsf.edu).

§ Financial interest and/or other relationship
with PercSys, Emkinetics, Bard and Ravine Group.

For another article on a related

topic see page 743.
Key Words: kidney, nephrolithiasis, urinalysis, hypercalciuria, metabolism
ROUTINE laboratory 24-hour urine col-
lections are part of metabolic evalua-
tion in patients with urolithiasis.1–5

Several groups reported that a single
24-hour urinalysis may be sufficient to
assess the risk of nephrolithiasis.6,7

However, others suggested that 2, 24-
hour urinalyses may yield a greater
number of specific diagnoses8,9 and,
thus, 2 are needed for metabolic evalu-
ation.10,11 The issue of whether 1 or 2,
24-hour urinalyses are sufficient has im-
portant implications for patient care and

experience since eliminating the repeat
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24-hour collection could lead to signifi-
cant cost savings and decreased time
spent by patient and physician. It would
also increase confidence in the results of
a single 24-hour urine sample.

We evaluated the variability of re-
peat 24-hour urinalyses in a large co-
hort of patients who presented for met-
abolic evaluation of urolithiasis. We
hypothesized that there is a minimal
variation between 24-hour urine sam-
ples collected within 3 days of each
other and a single 24-hour urinalysis is

sufficient.
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MATERIALS AND METHODS

We performed a retrospective, institutional review
board approved study of 24-hour urine collection. Pa-
tients were referred to a urinary stone practice at a
tertiary medical center for urolithiasis management.
Sample data were obtained on all 24-hour urine collec-
tions from 2001 to 2005. Patients submitted an initial
outpatient 24-hour urine collection and stone history
questionnaire. A total of 1,035 patients performed 2,
24-hour urinalyses as part of the initial evaluation. Of
these collections 777 were obtained within 3 days of
sample 1 and included in analysis. The remaining sec-
ond samples were obtained more than 3 days after sam-
ple 1 and, thus, were excluded from study. Samples
were collected and analyzed elsewhere for routine stone
risk profiles. Standard urinary parameters were evalu-
ated, including sodium, calcium, citrate, creatinine, uric
acid, oxalate, potassium, phosphorus, magnesium, sul-
fate, pH and urine volume. Calcium oxalate, calcium
phosphate and uric acid supersaturation ratios were
calculated using the iterative computer program
EQUIL 2.

Since many patients were referred to our kidney
stone center from elsewhere, they may or may not have
undergone previous 24-hour urine collections, made
general or specific dietary modifications or been pre-
scribed medications to decrease recurrent stone disease.
The patient questionnaire contained information on 19
clinical parameters, including family history, personal
stone history and stone risk modifying medication. The
Student t test was used to compare means. Pearson’s
correlations were calculated for each variable. Statisti-
cal analysis was done with SAS® for Windows®, ver-
sion 9.2.

Individuals were divided into 2 groups for all urinary
parameters except 24-hour creatinine. That was ex-
cluded since normal 24-hour creatinine is based on cre-
atinine divided by body mass, which was unavailable.
One group consisted of patients with consistent nor-
malcy or abnormality, meaning that the 2 samples were
normal or each was abnormal based on normal values at
the evaluating laboratory. The other group consisted of
individuals with a change in normalcy or abnormality,
meaning that sample 1 was normal and sample 2 was

Table 1. First and repeat 24-hour urine samples in 777 patients

24-Hr Urinary Parameter Mean Sample 1 M

Calcium (mg) 209.9
Oxalate (mg) 42.1
Citrate (mg) 562.6
Uric acid (gm) 0.7
Sodium (mmol) 173.2
Potassium (mmol) 67.3
Magnesium (mg) 107.3
Phosphorus (gm) 0.97
Ammonium (mmol) 39.7
Chloride (mmol) 167.8
Urine urea nitrogen (gm) 11.5
Creatinine (mg) 1,551
abnormal or vice versa.
RESULTS

A total of 777 patients with recurrent stone dis-
ease met study inclusion criteria, that is they per-
formed 2, 24-hour urine collections within a 72-
hour period. None of the 12 variables studied in
the 24-hour urine collection, including urine cal-
cium, oxalate, citrate, uric acid, sodium, potas-
sium, magnesium, phosphorus, ammonium, chlo-
ride, urine urea nitrogen and creatinine, showed a
statistically significant difference between sam-
ples 1 and 2 when means were compared (pairwise
t test p �0.05, range 0.06 to 0.87). Table 1 lists
means and p values.

Comparing correlations of the 12 variables using
Pearson’s correlation showed a high degree of corre-
lation between urinalyses 1 and 2 (r � 0.68 to 0.89,
each p �0.0001). All 12 values of the 24-hour urine
collection correlated for urine collection 1 and for
collection 2 obtained within 3 days of collection 1.
Table 2 lists individual correlation coefficients and
p values.

The difference between samples 1 and 2 was
also calculated in each individual and the mean
was compared to 0 using Student’s t test. No sig-
nificant differences were noted when comparing

ple 2 p Value (pairwise t test) 95% CI

0.44 201.4–218.3
0.06 40.8–40.3
0.87 537.8–587.4
0.32 0.68–0.72
0.14 167.7–178.7
0.69 65.3–69.4
0.3 104.2–110.5

6 0.49 0.95–1.00
0.65 38.4–40.9
0.18 162.5–173.1
0.19 11.2–11.8
0.74 1,513–1,588

Table 2. Correlation of first and repeat 24-hour urine samples
in 777 patients

24-Hr Urinary Parameter* r

Calcium 0.81
Oxalate 0.74
Citrate 0.89
Uric acid 0.78
Sodium 0.68
Potassium 0.84
Magnesium 0.74
Phosphorus 0.76
Ammonium (mmol/day) 0.79
Chloride 0.68
Urine urea nitrogen 0.82
Creatinine 0.88
ean Sam

205.2
40.4

559.8
0.7

167.5
66.7

105
0.9

39.3
162.7

11.2
* Each p �0.0001.
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24-hour urinary calcium, citrate, potassium, phos-
phorus, ammonium and creatinine (p �0.05, range
0.08 to 0.63). Significant differences were observed
when comparing urinary oxalate, uric acid, so-
dium, magnesium, chloride and urine urea nitro-
gen (each p �0.05, range 0.0002 to 0.04). The
difference in all parameters was 0.5% to 4.19%.
Table 3 lists individual means, p values and per-
cent differences.

Patients were divided into group 1—2 samples
with normal or 2 with abnormal values based on
normal values at the evaluating laboratory and
group 2—a change in normalcy or abnormality be-
tween the 2 samples (table 4). Patients with no
change between normal and abnormal values repre-
sented 71.4% to 90.7% of the cohort depending on
the parameter.

DISCUSSION

We determined whether there was inherent vari-
ability in 2, 24-hour urine collections done within
72 hours of each other in patients with urolithiasis
to determine the usefulness of repeat 24-hour uri-
nalysis for routine metabolic evaluation. All 12
variables showed no statistically significant differ-
ences between 24-hour urine collections 1 and 2
done within 3 days of each other (each p �0.05).
For urine oxalate analysis approached statistical
significance (p � 0.06). However, the difference in
mean urine oxalate in urinalyses 1 and 2 was less
than 1.8 mg per day (less than 5%), which likely is
not clinically significant, although the p value ap-
proached 0.05.

Also, all 12 variables highly correlated positively
when urine collections 1 and 2 were compared (each
p �0.0001). Six parameters analyzed showed no dif-
ference when comparing the mean of the difference

Table 3. Difference between mean first and repeat 24-hour
urine sample values vs 0

24-Hr Urinary Parameter

Mean
Sample 1–2
Difference

p Value
(pairwise t test) % Variance*

Calcium (mg) 4.69 0.08 2.26
Oxalate (mg) 1.73 0.0002 4.19
Citrate (mg) 2.81 0.63 0.50
Uric acid (gm) 0.01 0.03 1.44
Sodium (mmol) 5.68 0.01 3.33
Potassium (mmol) 0.6 0.33 0.89
Magnesium (mg) 2.33 0.04 2.20
Phosphorus (gm) 0.01 0.16 1.04
Ammonium (mmol) 0.42 0.32 1.06
Chloride (mmol) 5.06 0.02 3.06
Urine urea nitrogen (gm) 0.27 0.002 2.38
Creatinine (mg) 8.66 0.34 0.56
* Sample difference/(sample 1 � sample 2)/2.
in samples 1 and 2 to 0 (each p �0.05). However,
urinary oxalate, uric acid, sodium, magnesium, chlo-
ride and urine urea nitrogen showed a mean sample
difference of 1.73 mg, 0.01 gm, 5.68 mmol, 2.33 mg,
5.06 mmol and 0.27 gm per day, respectively
(p �0.05). Differences in means were less than 5%
(range 0.5% to 4.19%) and no means appeared clin-
ically significant. Thus, while these differences were
statistically significant, a difference of less than 5%
in 24-hour urine excretion likely does not represent
a clinically significant difference, nor would it alter
patient treatment.

However, urine sodium, calcium and oxalate
are most likely to be affected by dietary changes,
and their differences of 3.33%, 2.26% and 4.19%,
respectively, may be more meaningful since di-
etary therapy may be directed at these parame-
ters. As many as 9.3% to 28.3% of patients had a
change in normalcy or abnormality in urinary pa-
rameters (table 4). Given the small magnitudes of
the changes, these differences are unlikely to be
clinically significant and may in fact reflect assay
variability in at least some cases. For example,
urinary oxalate has the highest percent of vari-
ance and a patient with urinary oxalate 39.9 mg
per day (normal 20 to 40) in sample 1 may show
42.5 mg per day (mean 39.9 � 2 SD) in sample 2.
A second 24-hour urine sample may change a uri-
nary parameter from normal to abnormal or vice
versa but the interpretation of just below or just
above the threshold of normal would likely not signif-
icantly alter clinical treatment decision making. These
results suggest that a second 24-hour urinalysis may
be unnecessary since it is unlikely to yield differ-
ent information than the first sample.

The standard in evaluating recurrent nephrolithi-
asis involves the collection of 2, 24-hour urine spec-
imens with the patient on a random diet, a third
24-hour urine sample 7 days after dietary changes,
and a fast and calcium load test, as originally de-
scribed in 1980 by Pak et al.12 Many groups have

Table 4. No change vs change in 24-hour urine sample 1 and
2 normalcy and abnormality

Urinary Parameter % Pts No Change % Pts Change

Calcium 82.1 17.9
Oxalate 71.7 28.3
Citrate 85.5 14.5
Uric acid 83.4 16.6
Sodium 90.7 9.3
Potassium 78.4 21.6
Magnesium 71.4 28.6
Phosphorus 88.7 11.3
Ammonium 81.5 18.5
Chloride 85.7 14.3
eliminated the fasting calcium load test from routine
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evaluation.13 There is significant controversy about
whether this method is appropriate. Pietrow and
Preminger discussed standards in evaluating recur-
rent nephrolithiasis, ultimately recommending 2,
24-hour urinalyses.14

In 2001 Pak et al compared 225 patients to eval-
uate the need for 1 or 2, 24-hour urine samples in
metabolic stone disease evaluation.7 They noted a
correlation between an initial and a repeat sample
for urinary calcium, uric acid, pH, total volume,
sodium, potassium, creatinine and phosphorus
(r � 0.68 to 0.93). Urine oxalate, citrate, sulfate and
ammonium were compared in 26 patients with no
differences (r � 0.56 to 0.94). They concluded that
only a single 24-hour urine sample was needed since
treatment would not have been changed by sample
2. That study was limited by sample size, especially
since urinary parameters were compared in only 26
patients.

According to Rivers et al,11 evaluation of calcium
stones and treatment may be done using 2, 24-hour
urine collections. However, they examined only pa-
tients with calcium oxalate stones and, thus, results
may not be generalizable to other nephrolithiasis
types. On the other hand, in a study of 119 patients
Yagisawa et al compared complete metabolic evalu-
ation to 1 and 2, 24-hour urine collections in recur-
rent calcium stone formers.8 A specific metabolic
diagnosis was made in 90% of patients with the
complete metabolic panel compared to 68% and 75%
of those with 1 and 2 urine collections, respectively.
That series had a limited number of patients (119)
but the diagnostic yield of a single 24-hour urine
collection was similar to that of 2, 24-hour urinaly-
ses.

Parks et al collected 2, 24-hour urine samples
before beginning treatment in 1,142 patients with
nephrolithiasis.9 Results showed a correlation be-
tween the 2 samples in urinary creatinine, so-
dium, volume, calcium, oxalate, citrate, pH, potas-
sium, magnesium, uric acid, sulfate, phosphorus
and ammonium (r � 0.68 to 0.89). They concluded
that the SD between 24-hour urine collections 1
and 2 was large enough that misdiagnosis could
occur in almost 70% of comparisons, possibly re-
sulting in case mismanagement. They did not di-
rectly compare the values of urine collections 1
and 2 other than by correlation. Although their
correlation coefficients are similar to our results,
we conclude that only a single 24-hour urine col-
lection is needed.

We found no significant difference in any urine
parameters examined between the 2, 24-hour uri-
nalyses and the 2 samples correlated highly. When
comparing mean differences between samples 1 and

2 to 0, 6 values showed no difference while the
remainder had differences that were not clinically
relevant and would not change case management.
Thus, our study adds a large amount of data to the
literature on this subject and with our sample size of
777 patients with repeat urinalyses evaluated it pro-
vides strong evidence that a single 24-hour urine
collection is sufficient for evaluation in stone form-
ers.

Also, our results do not decrease the need for
followup studies. A single 24-hour urinalysis should
be sufficient for initial patient evaluation but fol-
lowup studies are needed if the patient begins med-
ical therapy or dietary changes, and in general to
monitor any change in urinary parameters.

Our patients came from various previous back-
grounds and evaluations, meaning all stone compo-
sitions were represented, some patients underwent
previous metabolic assessment, some were on a spe-
cific stone prevention diet and others were on med-
ication to prevent stone recurrence. While this is a
limitation in some sense, it also makes our study
more generalizable since patients with recurrent
nephrolithiasis for many years have often under-
gone previous evaluations, dietary changes and
medical treatments for stone disease by the time
they present to a modern clinic for further evalua-
tion. Furthermore, our study included all stone
formers at our clinic and, thus, was not limited to
those in whom calcium oxalate stones form, as in
some other studies.8,11 Also, all testing was done
elsewhere, making our data more homogeneous
than if several laboratories had been used, adding to
the integrity of our findings. Importantly we did not
address the possible variability in 24-hour urinaly-
ses done by other methods or elsewhere. However,
there is no reason to suspect that more substantial
variation would be expected at other laboratories.
Our sample size of 777 patients provides greater
power than previous studies showing the need for
only a single 24-hour urine collection for metabolic
stone evaluation.

CONCLUSIONS

A single 24-hour urine sample appears sufficient for
metabolic evaluation in patients with recurrent
stone disease since we found no statistical variation
in 24-hour urinalyses for the 12 parameters ana-
lyzed. This finding has the potential to decrease cost
and save time for patients and physicians by elimi-
nating the second 24-hour urinalysis from evalua-
tion in stone formers.

ACKNOWLEDGMENTS

Urine samples were collected and analyzed at

Litholink, Chicago, Illinois.



ADEQUACY OF 24-HOUR URINE COLLECTION FOR NEPHROLITHIASIS EVALUATION 583
REFERENCES
1. Bissada NK and Redman JF: Medical manage-
ment of urolithiasis. Am Fam Physician 1976;
13: 89.

2. Peterson LJ and Hruska KA: The benefits of
evaluation of the patient with recurrent or mul-
tiple calcium stones. J Urol 1979; 121: 766.

3. Pak CY: Should patients with single renal stone
occurrence undergo diagnostic evaluation? J Urol
1982; 127: 855.

4. Abraham PA and Smith CL: Medical evaluation
and management of calcium nephrolithiasis. Med
Clin North Am 1984; 68: 281.

5. Curhan GC, Willett WC, Speizer FE et al: Twenty-
four-hour urine chemistries and the risk of kidney
stones among women and men. Kidney Int 2001;

59: 2290.
6. Hobarth K, Hofbauer J and Szabo N: Value of
repeated analyses of 24-hour urine in recurrent
calcium urolithiasis. Urology 1994; 44: 20.

7. Pak CY, Peterson R and Poindexter JR: Adequacy
of a single stone risk analysis in the medical
evaluation of urolithiasis. J Urol 2001; 165: 378.

8. Yagisawa T, Chandhoke PS and Fan J: Compari-
son of comprehensive and limited metabolic eval-
uations in the treatment of patients with recur-
rent calcium urolithiasis. J Urol 1999; 161: 1449.

9. Parks JH, Goldfisher E, Asplin JR et al: A single
24-hour urine collection is inadequate for the
medical evaluation of nephrolithiasis. J Urol
2002; 167: 1607.

10. Lifshitz DA, Shalhav AL, Lingeman JE et al: Met-
abolic evaluation of stone disease patients: a

practical approach. J Endourol 1999; 13: 669.
11. Rivers K, Shetty S and Menon M: When and how
to evaluate a patient with nephrolithiasis. Urol
Clin North Am 2000; 27: 203.

12. Pak CY, Britton F, Peterson R et al: Ambulatory
evaluation of nephrolithiasis. Classification, clin-
ical presentation and diagnostic criteria. Am J
Med 1980; 69: 19.

13. Levy FL, Adams-Huet B and Pak CYC: Ambulatory
evaluation of nephrolithiasis: an update from
1980. Am J Med 1995; 98: 50.

14. Pietrow PK and Preminger GM: Diagnostic eval-
uation of nephrolithiasis. In: Campbell-Walsh
Urology, 9th ed. Edited by AJ Wein, LR Kavoussi,
AC Novick et al. Philadelphia: WB Saunders

2007, vol 2, chapt 43, pp 1393–1401.


	Adequacy of a Single 24-Hour Urine Collection for Metabolic Evaluation of Recurrent Nephrolithiasis
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES




