Are stone analysis results different with repeated sampling?
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Abstract

Introduction: We assessed differences in results of stone analyses
on subsequent sampling.

Methods: A retrospective review of patients with stone analyses at
a tertiary stone centre between March 2006 and July 2012 was per-
formed. All stones were analyzed at a centralized laboratory using
infrared spectroscopy. Patients were grouped according to the first
predominant stone type on record, as defined by the predominant
stone component of at least 60%. Stone groups included calcium
oxalate (CaOx), calcium phosphate (CaP), uric acid (UA), cystine,
struvite, mixed CaOx-CaP and mixed CaOx-UA. All patients had
a full metabolic stone workup.

Results: Of the 303 patients with stone analyses, 118 (38.9%)
patients had multiple stone analyses. The mean age was 53.4 +
15.1 years, and 87 (73.7%) were males. Of the 118, the initial
stone analysis showed 43 CaOx, 38 CaP, 21 UA, 4 CaOx-CaP, 2
CaOx-UA, 6 cystine, and 4 struvite. There was a different stone
composition in 25 (21.2%) patients with a median time delay of
64.5 days. Different compositions were found in 7 CaOx (to 3 CaP,
2 CaOx-CaP, and 2 UA), 5 CaP (to 3 CaOx and 2 CaOx-CaP), 3 UA
(to 3 CaOx), 4 CaOx-CaP (to 2CaOx, 1 UA and 1 CaP), 2 CaOx-
UA (to 2 CaOx) and 4 struvite (to 3 CaP and 1 UA).
Conclusions: Stone composition was different in 21.2% of patients
on subsequent analyses.

Introduction

The prevalence of urolithiasis in North America has been
increasing, with an estimated lifetime diagnosis of 13% of
men and 7% of women in the United States, and incurring
an approximate cost of $2 billion annually.! This disease
tends to relapse, with recurrence rates after the first kidney
stone of 14%, 35% and 52% after 1, 5 and 10 years, respec-
tively.? The Canadian Urological Association Guidelines
recommend stone analysis as part of the initial workup for
a patient presenting with a kidney stone.> However, little

is known regarding the variability in stone composition of
different samples of stones obtained from the same patient.
The aim of the present study was to assess differences in
results of stone analyses on subsequent sampling.

Methods

A retrospective review was performed for 303 patients with
confirmed stone analysis treated at a single tertiary stone
centre between March 2006 and July 2012. Urinary stones
were collected either through spontaneous passage (intact
stones), or post-endourologic procedures, such as shock wave
lithotripsy (SWL), ureteroscopy (URS) or percutaneous neph-
rolithotomy (PCNL) (fragmented stones). All retrieved stone
fragments were sent for analysis. During URS, holmium laser
lithotripsy was used to fragment stones rather than pulver-
ize them. Swiss LithoClast Ultra (Boston Scientific, Natick,
MA) and holmium laser were used to fragment stones during
PCNL and URS, respectively. All stone fragments were ana-
lyzed by a single commercial laboratory (Gamma Dynacare
Laboratories, St-Laurent, QC) using infrared spectroscopy. All
patients had a full metabolic stone workup.

Patients were classified according to their first predomi-
nant stone type on record, where stone type was defined by
the predominant stone component, represented by at least
60% of all components. Otherwise, stones were considered
to be mixed, such as CaOx-CaP with a composition of 50%
CaOx and 50% CaP. Calcium oxalate monohydrate and
dihydrate were grouped as CaOx. Uric acid (UA) stones
included uric acid dihydrate, while carbonate apatite and
brushite were grouped as CaP stones.

Data were analyzed using the commercially available
IBM Statistical Package of Social Science (IPSS, Chicago, IL)
version 20. Continuous variables were presented as means
+ standard deviations and were compared using the analysis
of variance (ANOVA) test. Dichotomous variables were pre-
sented as numbers and percentage and were compared using
the Fisher exact test. Statistical significance was defined as
two-sided alpha error level of less than 0.05.
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Of the 303 patients with stone analyses, 118 (38.9%) patients
had multiple stone analyses. The mean age was 53.4 + 15.1
years, and 87 (73.7%) were males. The median time delay
between stone analyses was 64.5 days. Of the 118 patients,
25 (21.2%) had a different stone composition on subsequent
analysis (Fig. 1). From the original numbers on initial sam-
pling, 7 patients of the 43 CaOx, 5 of the 38 CaP, 3 of the
21 UA, none of the 6 cystine, all of the 4 mixed CaOx-CaP,
all of the 2 mixed CaOx-UA and all of the 4 struvite stone
types were different.

In total, 25 patients had different compositions on sub-
sequent stone analysis. They were grouped into 1 of the
following 3 categories: (1) patients who had multiple pro-
cedures that yielded different fragments from the same stone
(Table 1); (2) patients who had stones from different kidneys
(Table 2); and (3) patients who had multiple stones from the
same kidney (Table 3).

Of the 9 patients with multiple procedures for the same
stone (Table 1), 8 yielded subsequent analyses that had the
same components as the initial stone, but with different pro-
portions: struvite and UA components (A1), CaOx and CaP
components (A2-A7), and CaOx and UA components (A8).
The stone composition in patient A9 changed completely

from 100% UA (from SWL) to 100% CaOx (from URS extrac-
tion). Computed tomography (CT) scan at initial presentation
showed a single stone with a dense core (995 Hounsfield
unit [HU1) surrounded by a softer shell (480 HU).

Of the 5 patients with bilateral renal stone analyses (Table
2), 4 (B1-B4) had different proportions of CaOx and CaP
on subsequent analyses. One patient (B5) had bilaterally
obstructing ureteral stones, and had different proportions of
CaOx and UA components on subsequent stone analyses. A
corresponding CT scan showed a stone density at 450 HU
in the right ureter, and 2 different stone densities (697 and
251 HU) in the left ureter. The stone analysis from the left
URS and stone extraction showed 70% CaOx and 30% UA.
The second analysis came 23 days later from a right URS
and stone extraction of the right ureteral stone, showing
80% UA and 20% CaOx.

Of the 11 patients with multiple stones from the same
kidney (Table 3), 3 had different proportions of struvite and
CaP components (C1-C3), 3 had different proportions of
CaOx and CaP components (C4-C6), and 5 had different
proportions of UA and CaOx components (C7-C11), 2 of
whom had subsequent analyses containing no components
of the initial analysis (C8-C9). Patient C11 had an initial
CT scan that showed a single stone with a dense core (740
HU), surrounded by a softer shell (338 HU) (Fig. 2, part
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Fig. 1. Changes in stone analyses in patients with multiple stone analyses.
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A). Two patients had subsequent analyses containing no
components of the initial analysis (C8-C9). Patient C8 had
fragments from the initial stone extracted from the left ure-
ter via URS which showed 100% CaOx, while fragments
from the subsequent stone extraction from the left kidney
via PCNL showed 100% UA (with no remnants of CaOx).
Patient C9 had an initial CT scan that showed 2 stones in
the left kidney with different densities (438 HU and 838 HU,
Fig. 2, part B). In addition, a third stone in the left ureter
had a density of 1216 HU. The patient underwent SWL for
the obstructing ureteral stone. The stone analysis post-SWL
yielded 50% CaP and 50% CaOx. Subsequently, patient
underwent left URS for the left renal stones (Fig. 2, part B)
and stone analysis showed 100% UA.

Discussion

The prevention of stone recurrence relies on the accurate
diagnosis of stone composition and metabolic stone work-
up.* This allows us to correctly identify the composition
of the stone so that we can provide targeted medical or
dietary prophylaxis. In the present study, 21.2% of patients
with multiple stone analyses had a different composition
on subsequent analysis. We have several hypotheses for
these differences.

One hypothesis is that sampling error may have contrib-
uted to different stone compositions on subsequent analysis.
Most stones are heterogeneous in nature,>® and different
parts of the same stone could have been sampled by mul-

Stone analysis differences with repeated sampling

tiple procedures and sent for analysis (Table 1). Most of the
patients who underwent multiple procedures for the same
stone from the same kidney (A1-A8) or multiple stones from
the same kidney (C1-C6) had different proportions of the
same stone components on subsequent analysis. Therefore,
sampling error could have contributed to the differences in
stone compositions on subsequent sampling.

Another explanation for the differences seen in stone
compositions could be due to the nomenclature used to
define a particular stone type. In the present study, stone
type was defined based on at least 60% of a specific chemi-
cal composition. For example, a stone containing 60% CaOx
and 40% CaP was categorized as CaOx stone. If its composi-
tion changed to 50% CaOx and 50% CaP, it was categorized
as a mixed CaOx-CaP stone, and if it had further changed to
40% CaOx and 60% CaP, it was then categorized as a CaP
stone. Thus, an incremental change as small as 10% of a
single chemical composition could change the classification
of the predominant stone type, as reflected in the results of
the patients who switched between mixed CaOx-CaP, CaP
and CaOx with as little as 10% change in CaP or CaOx
components (Table 3). Therefore, the differences in the stone
categories were arbitrary for these patients. Perhaps a higher
cut-off of a specific component, for example 80% instead
of 60%, could have been used to define predominant stone
types. However, in the present study, 60% majority was used
as cut-off similar to previous published studies.”°

A third hypothesis is that stones of different compositions
could coexist in the same kidney, based on observations

Fig. 2. Axial computed tomography scan (bone view) of kidney stones for 2 subjects with different stone analyses on subsequent analyses. A: The right kidney of
subject C11, showing a stone with a dense core of 740 Hounsfield unit (HU) and a surrounding shell of 338 HU. B: The left kidney of subject C9, showing 2 stones of

different densities (838 HU and 438 HU) coexisting in the same calyx.
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Table 1. Characteristics of patients with multiple procedures for the same stone

Subject Sex Age First stone analysis Second stone analysis

A1l M 62 60% Struvite, 30% CaP, 10% UA (Right URS) 90% UA, 10% Struvite (Right URS)
A2 M 60 70% CaOx, 30% CaP (Spontaneous) 70% CaP, 30% CaOx (Right PCNL)
A3 M 43 70% CaOx, 30% CaP (Left PCNL) 50% CaOx, 50% CaP (Left PCNL)
Ad M 49 60% CaOx, 40% CaP (Right SWL) 60% CaP, 40% CaOx (Right URS)
A5 F 45 60% CaP, 40% CaOx (Right URS) 50% CaOx, 50% CaP (Right URS)
A6 F 45 60% CaP, 40% CaOx (Right PCNL) 50% CaOx, 50% CaP (Right URS)
A7 M 59 60% CaP, 40% CaOx (Left PCNL) 100% CaOx (Left URS)

A8 M 67 50% CaOx, 50% UA (Left SWL) 80% CaOx, 20% UA (Left URS)
A9 M 61 100% UA (Right SWL) 100% CaOx (Right URS)

M: male; F: female; CaP: calcium phosphate; UA: uric acid; URS: ureteroscopy; CaOx: calcium oxalate; PCNL: percutaneous nephrolithotomy; SWL: shock wave lithotripsy.

of stones with variable densities or even stones with dif-
ferent densities coexisting in the same kidney (Fig. 2). For
example, Figure 2, part A demonstrates the CT scan of the
right kidney with a stone with variable density; there is a
dense core of 740 HU with a softer shell of 338 HU (patient
C11 in Table 3). Based on previously published correlations
of stone densities and compositions, the dense core is most
likely to contain predominantly CaOx while the softer shell
is most likely to contain predominantly UA."" Differences in
stone compositions obtained through different procedures
could be further explained by the different mechanisms of
stone fragmentation and extraction. Since softer UA stones
are more friable than the denser CaOx stones with SWL,
it is plausible that the stone fragments obtained post-SWL
would yield mostly UA from the softer shell of the stone.
On the other hand, residual fragments of the denser core
retrieved via laser lithotripsy and URS would likely contain
mostly harder CaOx stone components (Patient C11, Table
3, Fig. 2, part A).'>'* Therefore, the same stone with differ-
ent densities and compositions yielded different results on
subsequent stone analyses of fragments obtained through
different endourologic procedures. Similarly, patient C9 had
simultaneously 2 left renal stones with different stone densi-
ties 838 HU and 438 HU (Fig 2, part B). This CT scan was
obtained when the patient presented with an obstructing
left ureteral stone. He underwent SWL of the obstructing
ureteral stone that yielded a CaP-CaOx stone. Subsequently,
he underwent URS for the left renal stone yielding a 100%
UA stone. Although the 2 different left renal stones were
not simultaneously sampled at the time of URS, it is obvi-
ous from the CT scan that stones of different densities and

compositions coexisted within the same renal unit, which
yielded different results on subsequent stone analyses. To
further support this hypothesis, multiple stone analyses of
different stones from the same renal unit obtained during
ureteroscopic or percutaneous extraction of stone fragments
need to be performed in future studies.

Another hypothesis that could explain differences in stone
compositions on subsequent analyses is the variation in the
saturation conditions and microenvironments that exist in
either the same or contralateral kidney. This could explain
the different layers and compositions within the same stone
(Patient C11, Fig. 2, part A), different stone types within the
same kidney (Patient C9, Fig. 2, part B) and different stone
types in the contralateral renal units (Patient B5, Table 2).
Furthermore, these results are supported by another study
that found 25.4% discordance in stone compositions of
stones from contralateral renal units.'® Therefore, variations
in the micro-environment within the same or the contralat-
eral renal unit could contribute to the different stone com-
positions.®

Sampling error could also exist not only at the time of the
stone extraction, but also when stones are analyzed at the
laboratory. While all of our stones were sent to the same
central laboratory for consistency, components that made
up less than 10% of the entire stone were not reported, pos-
sibly masking the presence of a different trace component.
Recently, micro-CT has been described as a tool for stone
composition analysis and it may be more accurate in assess-
ing stone compositions especially in heterogeneous stones.™
Currently, the role of micro-CT remains experimental and
not standard clinical practice. It could be used in future stud-

Table 2. Characteristics of patients with stone analyses from bilateral kidneys

Subject Sex Age 1st Stone Analysis 2nd Stone Analysis
B1 M 72 80% CaP, 20% CaOx (Left PCNL) 90% CaOx,10% CaP (Right SWL)
B2 M 76 50% CaP, 50% CaOx (Right PCNL) 60% CaOx, 40% CaP (Left PCNL)
B3 M 36 90% CaOx, 10% CaP (Right SWL) 50% CaP, 50% CaOx (Left SWL)
B4 F 63 80% CaP, 20% CaOx (Left PCNL) 100% CaOx (Right URS)
B5 M 59 70% CaOx, 30% UA (Left URS) 80% UA, 20% CaOx (Right URS)

M: male; F: female; CaP: calcium phosphate; UA: uric acid; URS: ureteroscopy; CaOx: calcium oxalate; PCNL: percutaneous nephrolithotomy; SWL: shock wave lithotripsy.
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Table 3. Characteristics of patients with stone analyses from multiple stones from a single kidney

Subject Sex Age 1st Stone Analysis 2nd Stone Analysis

C1 M 41 70% Struvite, 30% CaP (Left URS) 80% CaP, 20% Struvite (Left PCNL)
C2 M 44 90% Struvite, 10% CaP (Left PCNL) 70% CaP, 30% Struvite (Left URS)
C3 F 20 60% Struvite, 40% CaP (Right PCNL) 80% CaP, 20% Struvite (Right PCNL)
C4 M 67 50% CaOx, 50% CaP (Spontaneous) 70% CaP, 30% CaOx (Left PCNL)
C5 M 58 60% CaOx, 40% CaP (Right SWL) 60% CaP, 40% CaOx (Spontaneous)
Ccé M 35 50% CaOx, 50% CaP (Right SWL) 60% CaOx, 40% CaP (Right URS)
Cc7 M 64 50% CaOx, 50% UA (Left SWL) 100% CaOx (Left URS)

cs M 39 100% CaOx (Left URS) 100% UA (Left PCNL)

Cc9 M 52 50% CaP, 50% CaOx (Left SWL) 100% UA (Left URS)

C10 M 44 90% UA, 10% CaOx (Spontaneous) 70% CaOx, 30% UA (Spontaneous)
C11 M 73 80% UA, 20% CaOx (Right SWL) 90% CaOx, 10% UA (Right URS)

M: male; F: female; CaP: calcium phosphate; UA: uric acid; URS: ureteroscopy; CaOx: calcium oxalate; PCNL: percutaneous nephrolithotomy; SWL: shock wave lithotripsy.

ies for non-destructive assessment of stone compositions,
including components that make up less than 10% of stones.

It should be noted that there were no changes in medical
prophylaxis between the 2 different stone analyses in 23
out of the 25 patients with different stone compositions on
subsequent sampling. Patients B1 and C6 were started on
medical prophylaxis between the 2 samplings: patient B1
was started on hydrochlorothiazide 25 mg once daily and
patient C6 was started on allopurinol 300 mg once daily
and potassium citrate 10 mEq twice daily (Table 2, Table 3).
Three other patients were already on medical prophylaxis:
Patient A1 was on allopurinol 100 mg once daily, patient
A9 was on potassium citrate 10 mEq twice daily, and patient
B2 was on calcium citrate/Vitamin D 500mg/400units twice
daily (Table 1, Table 2). The remaining patients were not on
medical prophylaxis. There was no clear pattern of increased
percentages of CaP stone composition on subsequent stone
analyses, as opposed to the findings of Mandel and col-
leagues.' Therefore, stone composition changes in the 25
patients on subsequent analyses are unlikely to be related to
medical prophylaxis after a median time delay of 64.5 days.
This time delay is much shorter than the 2.3-year difference
between stone analyses in the Mandel study.'

What is the clinical impact of discordant stone composi-
tions? In the present study, 7 out of the 25 patients (28%)
had clinically significant differences in stone composition on
subsequent sampling (Fig. 1). For example, 3 patients (A9,
C10, C11) had predominantly UA on first analysis, and pre-
dominantly CaOx on subsequent analysis. Therefore, based
on the first analysis, these patients would have been advised
to follow a low purine diet, whereas after the second analy-
sis, these patients would then have been advised to follow
a low oxalate diet. Another example is patient AT who had
predominantly struvite stone on first analysis, while the sub-
sequent analysis showed predominantly UA stone. Based
on the first stone analysis, this patient would have been
advised to be placed on prophylactic antibiotics, whereas
based on the second stone analysis, he would be advised to

follow a low purine diet. In 28% of patients, discordant stone
compositions resulted in different dietary recommendations
and medical management. Previous cost-effectiveness stud-
ies have shown that medical prophylaxis in recurrent stone
formers is cheaper than the medical costs associated with
acute stone episodes,'®'® in addition to reducing morbidity
resulting from obstructing ureteral stones and subsequent
urological procedures. Given that stone analysis is an impor-
tant component of metabolic stone workup and medical
prophylaxis and given its relatively inexpensive cost (around
$20 at our centre), the present study argues in favour of
ordering stone analysis at each stone episode.

The limitations of the present study include its retrospec-
tive nature and small sample size. Nonetheless, the pres-
ent study analyzed stone analysis of 303 patients, including
118 patients with multiple stone analyses. Another limitation
is that a full dietary history was not obtained. All patients
had detailed metabolic stone workup and based on these
results were advised to follow specific dietary recommen-
dations. However, the impact of dietary modifications on
different stone compositions on subsequent stone analyses
is unknown. Another limitation of the study is the inability
to assess the time required for the initial stone to be formed.
Therefore, it is difficult to predict the changes in microenvi-
ronments affecting stone composition over time, especially
between different stone samplings. In addition, although
patients were instructed to collect all stone fragments for
analysis post-SWL, it is possible that not all fragments were
collected or brought for analysis. This could be addressed
in a prospective fashion in future studies.

Conclusion

This study demonstrates that stone compositions differ in
21.2% on subsequent stone analyses in patients being fol-
lowed at a tertiary stone centre. Reasons include sampling
error, as well as differences in microenvironments between
kidneys and within the same kidney. Variability of stone
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composition from one sampling to the next can be mistaken
for true stone changes and could affect medical therapy.
Therefore, in addition to simply sending a stone at the initial
presentation as per current Canadian Urological Association
Guidelines,? this study supports recommendations to send
stones for analysis every time a stone fragment is obtained.
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