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Objective

To systematically review the natural history of small asymptomatic kidney and residual stones, as the incidental
identification of small, asymptomatic renal calculi has risen with increasing use of high-resolution imaging.

Materials and methods

We reviewed the natural history of small asymptomatic kidney and residual stones using the Cochrane and Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) methodology. We searched MEDLINE, Scopus,
EMBASE, EBSCO, Cochrane library and Clinicaltrials.gov using themes of ‘asymptomatic’, ‘nephrolithiasis’, ‘observation’,
‘symptoms’, ‘admission’, ‘intervention’ and similar allied terms for all English language articles from 1996 to 2020
(25 years). Inclusion criteria were studies with ≥50 patients, stones ≤10 mm, and a mean follow-up of ≥24 months. Primary
outcomes were occurrence of symptoms, emergency admission, and interventions.

Results

Our literature search returned 2247 results of which 10 papers were included in the final review. Risk of symptomatic
episodes ranged from 0% to 59.4%. Meta-analysis did not identify any significant difference in the likelihood of developing
symptoms when comparing stones <5 mm to those >5 mm, nor those <10 mm to those >10 mm. Risk of admission varied
from 14% to 19% and the risk of intervention from 12% to 35%. Meta-analysis showed a significantly decreased likelihood
of intervention for stones <5 vs >5 mm and <10 vs >10 mm. Studies had variable risk of bias due to heterogeneous
reporting of outcome measures with significant likelihood that observed differences in results were compatible with chance
alone (Symptoms: I2=0%, Cochran’s Q = 3.09, P = 0.69; Intervention: I2=0%, Cochran’s Q = 1.76, P = 0.88).

Conclusions

The present systematic review indicates that stone size is not a reliable predictor of symptoms; however, risk of intervention
is greater for stones >5mm vs <5 mm and >10 vs <10 mm. This review will inform urologists as they discuss management
strategies with patients who have asymptomatic renal stones and offer insight to committees during the development of
evidence-based guidelines.
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Introduction
In recent years, the increased use of high-resolution imaging
such as CT has led to a rise in the rates of incidental
detection of asymptomatic renal calculi [1]. Studies estimate

that the prevalence of asymptomatic kidney stone disease
(KSD) is between 8% and 46% [1–5]. The natural history of
asymptomatic stones remains uncertain, as does what
treatment should be offered and when [6].
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Existing treatment recommendations for renal stones ranging
in size from 5 to 20 mm include observation,
pharmacological therapy extracorporeal shockwave lithotripsy
(ESWL), ureteroscopic (URS) surgery or percutaneous
nephrolithotomy (PCNL) [7–12]. The cost of treatment in the
UK varies with modality, e.g. one ESWL treatment cost ˜£950
(pound sterling), whilst the tariff for PCNL was ˜£4400 in the
NHS in 2020 [13]. Many patients with renal stones ≤5 mm
remain asymptomatic and no specific treatment is
recommended [2,10,14]. Indeed, one study reported that ˜80%
of patients with incidentally detected kidney stones ranging
from 1 to 20 mm remained symptom free at 10 years of
follow-up. Furthermore, prophylactic ESWL for asymptomatic
stones of <15 mm was not found to confer benefits in terms
of stone-free rates (SFRs), requirement for any additional
treatment (analgesia, antimicrobial therapy, ESWL, ureteric
stent insertion or URS), symptoms, quality of life or renal
function in a randomised controlled trial (RCT) of 228
patients [15]. Although overall rates of ‘additional treatment’
were not different, those in the control arm (observation)
required more invasive interventions in the form of URS and
stent placement compared to the patients who had
prophylactic ESWL, of whom none needed invasive treatment
and were manged with analgesia or antibiotics [15]. However,
other reports indicate that 43% of individuals with residual
fragments of <4 mm after ESWL experience stone-related
symptoms or require intervention after 5 years of follow-up
[16].

A study by members of the Endourology Disease Group for
Excellence (the EDGE consortium) reported that a stone
fragment of >4 mm after URS was associated with significantly
higher rates of stone growth, complications, and need for re-
intervention. The group therefore recommended that the aim
of stone surgery should be complete stone-free status,
regardless of whether stones were dusted or basketed for
extraction [17]. Fragments of 2–4 mm were also described to
have growth potential, but these were not associated with an
increased risk of complications or need for interventions [17].

Considering the lack of clarity over the natural history of small
asymptomatic renal stones, there is a need to appraise the
literature to discern whether remnant fragments or small
asymptomatic stones require intervention or follow-up [18].
The present systematic review interrogates the evidence related
to small asymptomatic kidney stones and post-procedural
fragments with relation to the primary outcomes of risk of
symptoms, emergency admission, and need for intervention.

Materials and Methods
Search strategy and study selection

We performed a systematic search of the Medical Literature
Analysis and Retrieval System Online (MEDLINE), Excerpta

Medica dataBASE (EMBASE), Elton B. Stephens Co.
(EBSCO), Scopus, Cochrane library and Clinicaltrials.gov
following Cochrane’s recommended methodology and
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [19,20]. The following search
terms were included (but were not limited to):
‘asymptomatic’, ‘nephrolithiasis’, ‘observation’, ‘symptoms’,
‘admission’, ‘intervention’, ‘calculi’, ‘kidney’, ‘URS’,
‘ureteroscopy’, ‘RIRS’, ‘lithotripsy’, ‘SWL’, ‘ESWL’, ‘PCNL’,
‘PNL’, ‘percutaneous nephrolithotomy’, ‘residual’ and
‘fragments’ (Appendix S1). The search was limited to English
language publications between January 1996 and December
2020. Articles were identified using the full search strategy
listed (Appendix S1). Additional studies were identified
through manual review of the references of included articles.
Titles and abstracts were reviewed independently by two
authors (C.E.L., B.Y.). Disparities were discussed to reach
consensus before full-text review. Only high-volume studies
(≥50 patients) with a minimum follow-up of 2 years were
included.

The study protocol was prospectively registered in the
International Prospective Register of Systematic Reviews
(PROSPERO; CRD42020179999).

Evidence acquisition: criteria for considering studies
for the present review

Inclusion criteria:

1. Full-text, English language RCTs, case-control or cross-
sectional studies and case-series.

2. Publication date within last 25 years or from inception of
database to current (if <25 years old).

3. Adult patients (aged ≥18 years) with asymptomatic kidney
stones or post-procedural fragments of ≤10 mm.

4. Studies with ≥50 patients and a minimum mean/median
follow-up of 2 years.

5. Studies reporting risk of symptomatic event, emergency
admission or intervention with URS or ESWL.

Exclusion criteria:

1. Animal studies, case reports, review articles, and editorials.
2. Studies of the same cohort that have subsequently been

updated.
3. Studies of patients with anatomical abnormalities including

renal transplantation, medullary sponge kidney, or
horseshoe or pelvic kidney.

Data extraction

Two authors (C.E.L., R.M.G.) independently extracted the
following data using an Excel spreadsheet: author, year,
journal, study design, patient demographics, prior urological
interventions, stone position, stone size, use of medical
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expulsive therapy (MET), occurrence of symptoms,
emergency admission and treatment with URS, ESWL or any
other intervention. Relative risk (RR), odds ratio (OR), hazard
ratio (HR) and percentage rates were noted.

Meta-analysis (random effects model) was performed on
studies with available data (complete 292 contingency table)
to assess the relationship of stone size on symptom and
intervention event rates using a 292 contingency table.
Statistical analysis and Forest plots were generated with
‘metafor’ package in R (R foundation for statistical
computing, Vienna, Austria) [21]. Statistical heterogeneity
was tested for using I2, Tau2 and Cochran’s Q. A P < 0.05
was considered statistically significant, I2 values were
interpreted according to chapter 9.5.2 of the Cochrane
Handbook [22]. Publication bias was assessed with Egger’s
regression and ‘trim-and-fill’ analyses, where appropriate.

Risk of bias

Risk of bias was assessed using the Cochrane risk of bias tool
for randomised trials and Newcastle–Ottawa Scale risk of bias
tool for observational studies, and the level of evidence was
ascertained based on the Centre for Evidence-Based Medicine
guidance [23–25].

Results
Literature search

Our literature search identified 2247 articles of interest, of
which 130 abstracts were reviewed and 47 manuscripts
underwent full-text review. This process identified 10 studies
for inclusion in the present systematic review (Figure 1)
(Table 1) [26–35]. These studies comprised four cohort
studies, one case-control study and five case series. Eight
studies reported outcomes related to symptoms [26–33], two
reported requirement for emergency admission [27,31], and
nine reported occurrence of interventions including ESWL,
URS, PCNL and decompression with retrograde stenting or
nephrostomy insertion (Table 2) [26–35]. Additional
identified outcomes were stone growth, spontaneous stone
passage, stone migration, and adverse events. Inter-rater
reliability was moderate after abstract screening (79.2%,
Cohen’s j = 0.54) and substantial after full-text review
(86.3%, Cohen’s j = 0.65).

Risk of symptoms

Eight studies (N = 1527 patients) evaluated risk of symptoms
in patients who were asymptomatic at baseline with stones or
residual fragments after ESWL/URS/PCNL of ≤10 mm
(Figure 2) [26–33]. Parameters evaluated include pain, fever,
haematuria, and UTI. Rates of symptoms varied widely from
0% in the Osman et al. [32] prospective analysis of patients

with residual fragments of ≤5 mm after PCNL to 59.4%
reporting pain in the Kanno et al. [30] case series observing
and comparing patients with stones of ≤5 mm to those with
stones >5 mm. Osman et al. [32] surveyed patients for
symptoms, although what symptoms were considered is not
described. Dropkin et al. [29] compared symptoms from
stones of ≤10 mm to stones ≥10 mm and found no statistical
difference in risk of symptoms over a mean (SD)
40.6 (18.6) months of follow-up (31% vs 39.1%, P = 0.47).
Stone size >5 mm was identified as a risk factor for symptoms
by Li et al. [31] when compared to smaller stones (HR 2.227,
95% CI 1.375–3.606; P = 0.001). Lower pole and right-sided
locations were found to be protective for symptomatic episodes
(HR 0.236, 95% CI 0.118–0.471, P < 0.001; and HR 0.493,
95% CI 0.307–0.790, P = 0.003, respectively).

Other than Kanno et al. [30], two other manuscripts assessed
symptoms related to pain [26, 28]. Burgher et al. [26] found
that 44–45% of patients with stones of <11 mm had pain and
45% of patients with stones of 11–15 mm reported pain. The
Darrad et al. [28] case series of 238 patients with 301 stones
and mean cumulative stone size of 10.8 mm reported that
15.3% had pain. There was no difference in symptomatic
events between those with a stone size of <10 vs 10–19 mm
(HR 1.03, 95% CI 0.55–1.93; P = 0.913) nor <10 vs >19 mm
(HR 0.93, 95% CI 0.42–2.10; P = 0.961).

Meta-analysis of the included studies did not identify any
significant difference in the likelihood of developing
symptoms when comparing stones of <5 to those of >5 mm,
nor those <10 to those of >10 mm (OR 0.05, 95% CI �0.32
to 0.43, P = 0.79; and OR 0.24, 95% CI �0.31 to 0.78;
P = 0.40, respectively) (Figure 3). Heterogeneity analyses
indicated that variability was due to sampling error within
studies, rather than differences between studies; I2 = 0.00%,
H2 = 1.00, Tau2=0 (SE 0.08), Cochran’s Q = 0.46 (P = 0.93).
Egger’s regression did not demonstrate significant funnel plot
asymmetry (z = 0.68, p = 0.50); however, trim-and-fill
analysis did demonstrate two missing studies (Figure 4).

Risk of emergency admission

One case series and one prospective cohort study ascertained
risk of emergency admission (Figure 5). Li et al. [31]
followed 293 patients with a mean stone size of 4.7 mm for
50.4 months and reported 42 emergency admissions (14.3%).
Similarly, D’Costa et al. [27] reported that 19% of 175
patients with a baseline stone size ranging from 1 to 9 mm
observed for 58.8 months required emergency admission.

Risk of intervention

Nine studies (N = 1583) evaluated risk of intervention in
patients with KSD or residual fragments of ≤10 mm after
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ESWL, URS or PCNL (Figure 6)[26,28–35]. In a case-control
study of 169 patients with residual fragments after ESWL, 79
patients were managed conservatively rather than undergoing
intervention [35]. Flexible URS and laser fragmentation of
residual stones was booked immediately after ESWL in 51
patients. Of the cohort who initially were managed
conservatively, 16 of the 79 patients (20%) required
intervention (flexible or rigid URS) over a mean (range)
follow-up of 27.6 (12–44.4) months [35]. Of note, there was
an intervention rate of 87% (13/15) for upper pole stones but
only 13% (two of 15) for mid-pole stones, and 2% (one of
49) for lower pole stones [35]. Darrad et al. [28] noted a
similar intervention rate of 26.6% (80/301 renal units) for 238
patients with incidentally detected, asymptomatic calyceal
stones on active surveillance, and surveillance of residual
stone fragments of <5 mm after ESWL by Zanetti et al. [33]
found that 14.7% (19/129) developed symptoms or required
intervention. Larger stone size was noted to be a significant
predictor of need for intervention by three studies. Thus,
Burgher et al. [26] found that upper pole stones of <4 mm
were less likely to require intervention than those of >4 mm
(P = 0.027), Kanno et al. [30] identified that 20% of stones of
≤5 mm required intervention compared to 38% of stones of
>5 mm (P = 0.0067), and Li et al. [31] reported that stones
of >5 mm were associated with an adjusted HR of 8.635
(95% CI 3.253–22.925, P < 0.001). Similar, non-significant
trends for the need for intervention in larger stones were
observed by Dropkin et al. [29] (intervention in 16.4% of

stones of <10 mm vs 34.8% in stones of >10 mm, P = 0.079)
and Koh et al. [34] (intervention in 5% of stones of <5 mm,
9.5% in stones of 5–10 mm, and 14.3% in stones of >10 mm;
P = 0.477).

Other factors reported to affect likelihood of intervention
because of stone growth or patient choice include patient age
<50 years (P = 0.01) and/or a history of treatment for KSD
(P < 0.001) [30].

Our meta-analysis of the results of these studies demonstrated
significantly decreased likelihood of intervention for stones <5
vs >5 mm (OR 0.64, 95% CI 0.20–1.08; P = 0.004) and <10
vs >10 mm (OR 0.75, 95% CI 0.18–1.32; P = 0.01) (Figure 7).
There was a substantial likelihood that observed differences in
study effects are secondary to chance alone rather than
heterogeneity (I2 = 0.00%, H2 = 1.00, Tau2 = 0 (SE 0.11),
Cochran’s Q = 1.76; P = 0.88). Egger’s regression did not
demonstrate significant funnel plot asymmetry (z = 1.67,
P = 0.10); however, trim-and-fill analysis did demonstrate
two missing studies (Figure 8).

Additional outcomes

Spontaneous stone passage

Seven studies assessed spontaneous stone passage [27,28,30–
34]. Kanno et al. [30] found no difference in spontaneous
stone passage when comparing stones of ≤5 to >5 mm and

Records identified through
database searching

(n = 2247)

Sc
re

e
n

in
g

In
c

lu
d

e
d

El
ig

ib
ili

ty
Id

e
n

tif
ic

a
tio

n

Additional records identified
through other sources

(n = 2)

Records after duplicates removed
(n = 2128)

Records screened
(n = 2128)

Records excluded
(n = 2081)

Full-text articles assessed
for eligibility

(n = 47)

Full-text articles excluded,
with reasons

(n = 37)

Studies included in
qualitative synthesis

(n = 10)
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Table 1 Demographics of included studies.

Part A

Reference Country Year study
conducted

Study
design

LoE Intervention
considered

Sample size, N Patient age, years,
mean � SD (range)

Burgher, et al.,
2004 [26]

USA 1996–2001 CS 4 observation 300 62.6
(23.1–89.0)

Darrad et al.,
2018 [28]

UK 2005–2016 CS 4 observation 238
301 stones

Median 56
(24–87)

D’Costa et al.,
2019 [27]

USA 2009–2013 PC 2 observation 175 49.6 � 14

Dropkin et al.,
2015 [29]

USA 2008–2010 CS 4 observation 110
160 stones

55.8 � 13.8
(19–82)

Kanno et al.,
2020 [30]

Japan 2010–2014 CS 4 observation 207 (71 with stones ≤5 mm,
136 with stones >5 mm)

Median 59
(IQR 45–68)

Koh et al.,
2012 [34]

Singapore 2005–2009 PRG 4 observation 50
85 stones

58
(32–90)

Li et al.,
2019 [31]

China 2007–2017 CS 4 observation 293 46.5
(15.2)

Osman et al.,
2013 [32]

Egypt 2000–2005 PC 2 observation of
residual fragments
(RFs) ≤5 mm after
PCNL

75 47.3 � 12.9
(13–72)

Pullar et al.,
2017 [35]

UK 2010–2013 CCS 3 FU after ESWL 313 ESWL treatment

- 169 residual fragment

- 79 managed conservatively

58
(19–93)

Zanetti et al.,
1997 [33]

Italy 1991–1994 PC 2 observation after
ESWL

467 has ESWL at baseline

- 299 (64%) stone free

- 27 (6%) residual fragments
>4mm and further treatment

- 141 (30%) residual
fragments/dust <5 mm (study
cohort, 129 with 1 year FU, 95
with 2 year FU)

49.4 �13.0
(19–80)

Part B

Reference Male sex,
n (%)

FU, months,
mean � SD
(range)

Stone locations
included

Stone size, mm,
mean � SD (range)

Outcomes reported

Burgher, et al.,
2004 [26]

39.12 (2.4–120.0) Upper pole: 26%
Mid pole: 28%
Lower pole: 44%
Pelvis: 2%

10.8 (1.0–74.0) Symptoms
Stone growth
Intervention (ESWL, URS, PCNL)

Darrad et al.,
2018 [28]

196 (65) Median 36
(12–132)

Lower pole only: 43%
Mid pole only: 23%
Upper pole only: 17%
Multiple: 18%

Cumulative size 10.8 (3–
63.8)

Spontaneous stone passage
Surgical intervention
Adverse events

D’Costa et al.,
2019 [27]

93 (53.1) Median 58.8 Any pelvic/lower pole:
16.4%

Vesico-ureteric junction
stone: 40.0%

<3 mm/ no stone: 119
patients (72.1%)

3–6 mm: 29 patients
(17.6%)

>6 mm 17 patients (10.3%)

RR of new stone
RR of stone growth
RR of stone passage

Dropkin et al.,
2015 [29]

60 (54.5) 40.6 � 18.6 (7–86) Upper calyx: 82 (51%)
Mid calyx: 35 (22%)
Lower pole: 41 (25%)
Pelvis: 3 (2%)

7.0 � 4.2 (1–35) Symptoms
Spontaneous passage
Surgical intervention
Stone growth >50% initial size

Kanno et al.,
2020 [30]

129 (62.3) Median 39.6
(IQR 13.2-67.2)

Lower pole only: 48
(23.2%)

Others: 159 (76.8%)

Median 7.0 (4.0–10.0) HR for all surgical
interventions

HR for surgical intervention with
active indication
(migration/pain/haematuria/
fever)
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D’Costa et al. [27] reported the same results comparing
stones of <3, 3–6, and >6 mm. However, the remaining
studies found that smaller stones were more likely to pass
spontaneously [28,31–34]. Koh et al. [34] reported that stones
of <5 mm passed spontaneously in 28% of cases, but only in
4.8% of cases where stones measured 5–10 mm, and no
stones >10 mm passed spontaneously (P = 0.006). Darrad
et al. [28] found that stones of <10 mm were more likely to
pass than stones measuring 10–19 mm (HR 0.38, 95% CI
0.15–0.95; P = 0.037) and ≥20 mm (HR 0.10, 95% CI 0.01–
0.77; P = 0.03), and Li et al. [31] reported that stones of
<5 mm were less likely to pass than larger stones (HR 0.236,
95% CI 0.116–0.480; P < 0.001). Zanetti et al. [33] found that
where there were residual fragments of <5 mm or dust after

ESWL there was a SFR of 55.8% (53/95 patients) at
24 months of follow-up.

Stone growth

Five studies assessed stone growth. Stone growth was reported
in 5.26–33.3% of stones [27,31–34]. Li et al. [31] found that
stones grew over 5 mm in 16.7% participants as measured by
ultrasonography, with a mean (range) onset time of 4.7
(2–9) years. Zanetti et al. [33] described that 9.5% (nine of 95)
of patients observed for 2 years had stone regrowth or
recurrence. On annual follow-up of 293 patients with a mean
(SD) stone size of 4.7 (1.6) mm at baseline, of whom 16.7%
(49/293) had significant stone growth, Li et al. [31] found no

Table 1 (continued)

Part B

Reference Male sex,
n (%)

FU, months,
mean � SD
(range)

Stone locations
included

Stone size, mm,
mean � SD (range)

Outcomes reported

Koh et al.,
2012 [34]

46 (24-58) Lower pole: 43%
Mid pole: 26%
Upper pole: 31%

5.7 (2-20) Disease progression
(increase >1mm on XR or
>3 mm on CT/
US/combination)

Intervention
Spontaneous passage

Li et al.,
2019 [31]

180 (61.4) 50.4 (28.8) Upper pole: 37.5%
Mid pole: 32.1%
Lower pole: 30.4%

4.7 � 1.6 (2–10) Elective stone removal
Stone growth
Spontaneous passage
Renal colic - defined by
clinician

Silent obstruction
Emergency attendance
Surgical intervention for pain/
infection

Osman et al.,
2013 [32]

40 (53.34) 36.2 � 20.1
(12–96)

Upper pole: 7 (9.34%)
Mid pole: 22 (29.34%)
Lower pole: 29 (38.67%)
Renal pelvis: 17 (22.67%)

4.7 � 0.7 (2–5) OR of clinically significant
(symptomatic/ growth/
migration to ureter with
hydronephrosis) RFs vs
clinically silent (stone-free/
asymptomatic/no RF
growth) RFs

Pullar et al.,
2017 [35]

207 (66.13) 27.6 (12-44.4) Baseline not described Conservatively managed
stones (N = 79):

≤4: n = 22 (28.12%)
5–7: n = 35 (18.21%)
8–9: n = 12 (27.85%)
≥10: n = 10 (12.66%)

Zanetti et al.,
1997 [33]

60 (46.51) 129 patients
12 month FU

97 patients
24 month FU

Stone targeted by ESWL
Upper pole: 16 (12.4%)
Mid pole: 17 (13.2%)
Lower pole: 62 (48%)
Renal pelvis: 34 (26.4%)
Fragments observed after
ESWL:

Upper pole: 10 (7.7%)
Mid pole: 34 (26.3%)
Lower pole: 85 (66.0%)

Mean size of stone
treated by ESWL: 9.4 �
3.2 (5–15)

Fragments observed: <5

Fragment-free rate
Fragment persistence
Fragment growth (any
increase)

CCS, case-control study; CS, case series; FU, follow up; LoE, Level of evidence; prospective cohort; PRG, prognosis (cohort)
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Table 2 Results of primary outcome measures.

Reference Symptom outcomes Admission
outcomes

Intervention outcomes

Burgher et al.,
2004 [26]

Pain:
<5 mm stones 45%
5–10 mm stones 44%
11–15 mm stones 45%
>15 mm 56%
Patients with solitary calculi
<4 vs >4 mm by location:
Upper pole: 34% vs 70%
Mid pole: 56% vs 51%
Lower pole: 51% vs 52%
Renal pelvis: 98% vs 31%

Small upper pole stone <4 mm less likely to need
intervention than larger,
upper pole stones (P = 0.027)

Small, upper pole stone less likely to
need intervention compared to all
asymptomatic stone formers (55% vs 78%, P = 0.007)

Patients with solitary calculi
<4 vs >4 mm by location:
Upper pole: 0% vs 21%
Mid pole: 15% vs 40%
Lower pole: 28% vs 20%
Renal pelvis: 98% vs 0%

Darrad et al.,
2018 [28]

Pain: 46/301 (15.3%), 38
interventions

Infection: 29/301 (9.6%), 10
interventions

Haematuria: 16/301 (5.3%)
Median (range) time to
onset 43 months (1–119)

- 9% in first 12 months

- 40% in 12–36 months

- 30% in 36–60 months

- 22% >60 months
No effect of stone size on
symptoms

0–9 mm stones vs:

- 10–19mm: HR 1.03 (95%
CI 0.55–1.93, P = 0.913)

- ≥20mm: HR 0.93 (0.42–
2.10, P = 0.961)

80/301 renal units (26.6%)

- 57.5% ESWL

- 25% URS

- 12.5% PCNL

- 5% stent/nephrostomy decompression
Indications:

- 30% pain

- 25% stone migration

- 16.3% stone growth

- 12.5% UTI

- 10% reducing renal function

- 6.3% patient choice
Median (IQR) time to intervention 48 (2–120) months, only 8% in
the first 12 months

No difference according to stone size:
0–9mm vs:

- 10–19mm: HR 1.06 (95% CI 0.58-1.96; P = 0.844)

- ≥20mm: HR 0.49 (95%CI 0.2-1.19; P = 0.153)
Dropkin et al.,
2015 [29]

36/116 (31%) stones
<10 mm vs 9/23 (39.1%)
stones ≥10 mm
(P = 0.47)

Stones ≥1 cm, OR 1.35 (95%
CI 0.36–5.02, P = 0.66)

19/116 (16.4%) stones <10 mm vs 8/23 (34.8%)
stones ≥10 mm (P = 0.079)

D’Costa et al.,
2019 [27]

Symptom recurrence: 30%
Agreement between self-
reported episode and
clinical care episode:
k = 0.519 (95% CI 0.37–
0.67)

Clinical care for
symptoms: 19%

Kanno et al.,
2020 [30]

Fever: ≤5 mm 11.3% vs
>5 mm 22.8% (P = 0.044)

Haematuria: ≤5 mm 29.6%
vs >5 mm 29.4% (P = 0.98)

Pain: ≤5mm 59.4% vs >5mm
61.8% (P = 0.34)

Stone growth: ≤5mm 8.5%
vs >5mm 12.5% (P = 0.38)

5-year estimate for:
Fever: ≤5mm less likely vs
>5mm (P = 0.041)

Spontaneous passage: no
difference (P = 0.33)

Haematuria: no difference
(P = 0.92)

Pain: no difference
(P = 0.92)

Stone growth >50%: no
difference (P = 0.317)

66 (31.9%) - 57 SWL, 9 URS
14 (20%) patients with stone ≤5 mm vs 52 (38%)
patients with stone >5 mm (P = 0.007)

5-year estimate for intervention in ≤5 vs >5mm = 23.7% vs 36.9% (P = 0.024)
Active treatment indications (stones into ureter, symptoms): ≤5 mm
(n = 11, 16%) vs >5 mm (n = 27, 20%) intervention (P = 0.44)
(no difference between ≤5 vs >5mm groups (P = 0.400)

Non-active treatment indications (stone growth/patient choice): ≤5mm
(n = 3, 4.2%) vs >5mm (n = 25, 18.4%) (P = 0.005)

Univariate analysis: stone size predictive for all surgical interventions
(HR 1.96, 95% CI 1.09–3.55; P = 0.026), also bilateral vs unilateral stones
(HR 1.89, 95% CI 1.12–3.18; P = 0.017) and past stone treatment
(HR 2.45, 95% CI 1.41–4.26; P = 0.0016)

Multivariate analysis: age >50 years (HR 1.96, 95% CI 1.17–3.26: P = 0.0099)
and past stone treatment (HR 2.17, 95% CI 1.20–3.94; P < 0.001). Stone size
not significant factor (HR 1.73, 95% CI 0.94–3.18 P = 0.78).

Intervention for active treatment indication:
Stone size >5 mm not significant on univariate/multivariate analysis.
Multivariate analysis: age >50 years (HR 2.06, 95% CI 1.25–3.42; P = 0.005) and
past stone treatment (HR 2.27, 95% CI 1.27–4.09; P = 0.006)

5-year intervention rate in patients with 1–2 adverse factors
(age/ past stone treatment) = 35.0% vs 4.4% if 0 adverse factors (P = 0.042)

© 2021 The Authors.
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difference in risk of stone growth when stratifying by stone size ≤5
vs >5 mm (adjusted HR 0.886, 95% CI 0.45–1.721; P = 0.721).

Quality assessment and risk of bias

All studies were assessed using the Newcastle–Ottawa Tool
for observational studies as no randomised trials were
identified [24] (Table 3) [26–35]. Only two studies
reported the inclusion or exclusion criteria of patients on

alpha receptor antagonist medication [26,31]. Of note, one
study changed the imaging modality used for annual
follow-up from ultrasonography to CT during the study
period [26].

Discussion
The present systematic review has identified that rates of
symptoms, emergency admission and intervention for

Table 2 (continued)

Reference Symptom outcomes Admission
outcomes

Intervention outcomes

Koh et al.,
2012 [34]

<5 mm - 5%
5–10 mm - 9.5%
>10 mm - 14.3%
P = 0.477
No difference according to location
but that not controlled for size

Li et al.,
2019 [31]

83/293 (28.3)

- mean (range) time to
onset 4.37 (1–9) years

- 3-year probability 14.8%,
5-year probability 23.4%

Multivariate analysis:
More likely in stones >5 mm
(HR 2.227, 95% CI 1.375–
3.606; P = 0.001)

Less likely if lower pole
stone (HR 0.236, 95% CI
0.118– 0.471, P < 0.001)

Less likely if right-sided
stone (HR 0.493, 95% CI
0.307–0.790, P = 0.003)

42/293 (14.3%) 36/293 (12.3%)

- 33/36 (91.7%) SWL

- 3/36 (8.3%) URS

- mean (range) time to onset 6.9 (3–9) years

- 3-year probability 1.3%, 5-year 4.4%
Multivariate Cox analysis:

• Stones >5 mm increased risk
(HR 8.635, 95% CI 3.253–22.925; P < 0.001)

• Age>60 years increased risk
(HR 3.158, 95% CI 1.230–8.109; P = 0.017)

Osman et al.,
2013 [32]

100% asymptomatic 18.7% (n = 14) ESWL, 12% (n = 9) PCNL, 2.67
(n = 2) declined intervention

4% (n = 3) stone migration
to ureter; 100% URS

Pullar et al.,
2017 [35]

144 patients with complete
stone clearance after ESWL

20% intervention
9.47% (n = 16) URS; 8 flexible, 8 rigid
Comparison of baseline stone size
needing intervention:

≤4 mm: n = 20 (91%) managed
conservatively, n = 2 (9%) URS

5–7 mm: n = 27 (77%) managed
conservatively, n = 8 (23%) URS

8–9 mm: n = 8 (67%) managed
conservatively, n = 4 (33%) URS

≥10 mm: n = 8 (80%) managed
conservatively, n = 2 (20%) URS

Comparison of baseline stone
position needing intervention:

Upper pole: n= 2 (13%) managed
conservatively, n = 13 (87%) URS

Mid pole: n = 13 (87%) managed
conservatively, n = 2 (13%) URS

Lower pole: n = 48 (98%) managed
conservatively, n = 1 (2%) URS

169 patients with residual
fragments after ESWL

51/169 intervention (30.2%)
37/169 (73% of n = 51)
treatment for pain

6/169 (12%) treated for concern
re: stone size

4/169 (8%) patient choice
1/169 (0.59%) solitary kidney
1/169 (0.59%) profession (pilot)
1/169 (0.59%) young age
1/169 (0.59%) infections

Zanetti et al.,
1997 [33]

15/129 (11.6%) symptoms
in 12 months of follow-up

7/95 (7.3%) symptoms in
second year of follow-up

19/129 (14.7%) symptoms or needed
treatment in 12 months follow up
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asymptomatic stones or residual fragments of <10 mm are
highly variable across the literature. Stone size was
consistently assessed by studies to define whether this affected
our three primary outcomes of symptoms, emergency
admission or intervention.

Risk of developing symptoms over at least 24 months of
follow-up in patients who were asymptomatic at baseline with
stones or residual fragments of ≤10 mm was described by
eight of the included studies [26,28–33,35]. Rates of
symptoms were reported between 0% and 59.4% [30,32]. The
5-year case series from Burgher et al. [26] observed 300
asymptomatic patients with stones with a mean (range) size
of 10.8 (1–74) mm and a mean follow-up of 39.12 months.
In this cohort, 28% of patients received ‘targeted medical
therapy’ based on their metabolic evaluation. Overall,
reported rates of pain were 45% in stones of <5 mm, 44% in
stones of 5–10 mm, 45% in stones of 11–15 mm, and 57% in
stones of >15 mm. Both Burger et al. [26] and Darrad et al.
[28] found no association between stone position (upper pole,
mid-pole, lower pole, or renal pelvis) and symptoms. Dropkin
et al. [29] also compared patients with stones of <10 mm and
those ≥10 mm in their case series of 110 patients with a
mean (SD, range) stone size of 7.0 (4.2, 1–35) mm and
reported rates of symptoms to be comparable (31% [36/116]
in stones <10 mm vs 39.1% [nine of 23] in stones of
≥10 mm, P = 0.47). Unlike Darrad et al. [28] and Burgher
et al. [26], this study did describe stone location as a factor
predisposing to symptoms with 28/69 upper and mid-pole
stones resulting in symptoms compared with 17/70 lower
pole stones (40.6% vs 24.3%, P = 0.047). Our meta-analysis of
results from the identified studies confirms that stone size is
not a significant predictor of symptoms.

Risk of emergency admission was only reported by Li et al.
[31] and D’Costa et al. [27], with similar rates of 14.3% and
19%, respectively. The D’Costa et al. [27] prospective cohort
study of 175 patients reported moderate agreement between
occurrence of symptoms and a clinical care episode
(k = 0.519, 95% CI 0.37–0.67). The study by Li et al. [31]
reported an emergency admission rate and intervention rate
of 14.3% (42/293) and 12.3% (36/293), respectively, in their
series with a mean (SD, range) stone size of 4.7 (1.6,
2–10) mm.

Nine of the included studies (N = 1583) analysed whether
patients with small stones or residual fragments required
intervention within at least 24 months of follow-up, with
overall rates of intervention ranging from 12% to 35% in stones
of ≤10 mm [11,26,28–30,32–35]. On multivariate Cox analysis,
risk of intervention was greater if the stone size was >5 mm
(HR 8.635, 95% CI 3.253–22.925; P < 0.001) and in patients
aged >60 years (HR 3.158, 95% CI 1.230–8.109; P = 0.017)
[31]. A stone size of >5 mm was also recorded as a significant

predictor of need for intervention by Kanno et al. [30], whereas
Dropkin et al. [29] compared patients with stones of <10 mm
and those ≥10 mm. The intervention rate was 16.4% for stones
of <10 mm and 34.8% for stones of >10 mm, although not
significant, perhaps in part due to the smaller sample size of the
latter group (116 vs 23 patients) [29]. Koh et al. [34] also failed
to find a significant difference between rates of intervention
according to stone size, with rates of 5%, 9.5% and 14.3% for
stones of <5, 5–10 and >10 mm, respectively (P = 0.477). One
study suggested that intervention is frequently triggered by pain
symptoms and reported this to be the case in 73% (27/51) of
interventions in a total of 169 patients [35]. The Kang et al.
[18] retrospective analysis of 347 patients with asymptomatic
kidney stones is a relevant study but outside our search criteria,
as there was no subgroup analysis of patients with stones of
≤10 mm. They too described a significant difference in stone
size in patients requiring intervention (4.9 vs 2.2 mm,
P = 0.016)), adding to our observation that the size boundary
for risk of failure of conservative management lies nearer to 5-
than the 10-mm territory. Our meta-analysis demonstrates the
importance of stone size as a factor linked to rates of
intervention, revealing a significantly decreased likelihood of
intervention for stones of <5 vs >5 mm (OR 0.64, 95% CI 0.20–
1.08; P = 0.004) and <10 vs >10 mm (OR 0.75, 95% CI 0.18–
1.32; P = 0.01) (Figure 4).

There is a paucity of RCTs concerning observation for small,
asymptomatic renal stones, thus reducing the quality of
literature available from which to draw recommendations. On
heterogeneity analysis, literature concerning the conservative
management of asymptomatic stones or post-procedural
fragments of ≤10 mm was found to be homogenous, although
there was a moderate risk of bias, given amongst other
factors, the lack of high-quality evidence. In addition, many
studies lack description of whether patients received
concurrent MET or metabolic therapy; this may introduce
bias. There is level 1 evidence for no benefit from MET in
reducing requirement for intervention for stone clearance
after 4 weeks for ureteric calculi; however, several studies
report that a-blockers can improve stone clearance and
reduce post-procedural pain after ESWL [36–39]. Given that
two included studies used surveillance after ESWL and
multiple other studies intervened with ESWL, this is an
important variable to be considered.

Several studies highlight the European Association of Urology
(EAU) guidance regarding indications for treatment (stone
growth, de novo obstruction, associated infection, and acute
or chronic pain). However, only Kanno et al. [30] discern
between ‘active indications’ (i.e. those suggested by the EAU)
and ‘all’ indications for intervention in their study
[11,30,31,35]. It is recognised that these aforementioned
objective measures are not the sole reason patients have
active management of KSD and that patient-reported
outcome measures (PROMs) also contribute to patient
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Study
Osman
et al.

Darrad
et al.

Zanetti
et al.

<5mm
n = 129
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n = 97

2412

11.6% 7.3% 0% 45% 44% 45% 56% 59.4% pain 61.8% pain 31% 39.1% 28.3%

30%

29.6%
haematuria

29.4%
haematuria

11.3% fever 22.8% fever

5.3%
haematuria

9.6%
infection

Burgher
et al.

Kanno
et al

D’Costa
et al.Li et al.Dropkin et al.

Included studies reporting symptom-related outcomes

15.3%pain

36
(12-132)
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+/- 20.1
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≤5mm
n = 71
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n = 23

4.7mm•
n = 293

52•
(12-108)

40.6•
*/- 18.6

<3mm- n = 119
3-6mm- n = 29
>6mm- n = 17

10.8mm•
n = 238

Follow up
(months)

Stone size
Population size

Reported
outcome(s)

39.6
(IQR 13.2-67.2) 58.8

Fig. 2 Included studies and their timing of reported symptom-related outcomes (●mean, ▲median) [26–33].
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management, as well as patient preference [40]. The
Cambridge Renal Stone PROM (CReSP) has been developed
and validated for use in KSD with six domains pertaining to
quality of life [41].

The present systematic review highlights that greater stone
size is associated with higher rates of intervention but not
with increased risk of symptoms. However, firm conclusions
cannot be drawn due to incomplete reporting of patient and
surgeon variables in the existing literature. Future studies

should detail use of concurrent MET, reason for intervention,
PROMs and surgeon preferences to ascertain the relative
importance of each in patient outcomes.

Previous evidence has shown that stone-related factors
amenable to annual observation include non-uric acid stones
of <4 mm, lower pole stones of <10 mm, and asymptomatic
fragments of <4 mm after ESWL or <2 mm after PCNL [42].
Similarly, our meta-analysis demonstrates that individuals
with stones of <5 mm are 36% less likely to require

Li et al. D’Costa et al.

Included studies reporting emergency admissions

Study

Follow up
(months)

19%14.3%

52•
(12-108)

4.7mm•
n = 293

<3mm- n = 119
3-6mm- n = 29
>6mm- n = 17

58.8

Stone size
Population size

Proportion of
emergency
admissions

Fig. 5 Included studies and their timing of

reported emergency admissions (●mean,
▲median) [27,31].
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Fig. 6 Included studies and their timing of reported interventions (●mean, ▲median) [26,28–35].
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intervention compared to those with larger stones and
therefore can be managed with a programme of active
surveillance whilst they remain asymptomatic. However, stone
size is not a reliable indicator of likelihood of symptoms in
patients with stones or fragments of ≤10 mm; rate of
symptoms varies from 0% to 59% and this is important for
patient counselling [30]. Improving the quality of reporting in
future longitudinal studies will supplement results of the
present review to help generate evidence-based active
surveillance protocols for KSD.

The present systematic review adds to the previous review,
which did not have strict inclusion criteria based on size but
did report wide variation in rates of symptoms and
intervention, as we have also highlighted [43]. The present
review was prospectively registered with PROSPERO for
transparency of data collection and reporting of outcome
measures, which was based on large studies with a long-term
follow-up of small stones, an area that poses the greatest
uncertainty in KSD management [44]. The PRISMA

guidelines were followed, and a validated risk of bias tool
utilised to critically appraise the existing literature [19,24]. A
thorough search was conducted with two independent
assessors screening papers for inclusion. It is possible that
relevant studies have been overlooked, e.g. from the grey
literature, unfinished work, or unreported outcomes
secondary to publication bias, a probability given the ‘missing
studies’ identified on trim-and-fill analysis, although Egger’s
regression was non-significant. Given that only a few studies
were included in the meta-analysis, it reduces the overall
power of the study. The small number of relevant studies
available both to review and meta-analyse also prohibits sub-
group analysis to discern whether there is a systematic
difference in outcomes between patients with incidentally
identified, asymptomatic small stones and post-procedural
ones. We are unable to draw conclusions on any potential
role of trauma from instrumentation of the renal tract
resulting in oedema, inflammation or scarring [45]. Future
work ought to include prospective, RCTs to evaluate the

Study
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absolute risk of conservative management in patients with
stones of ≤10 mm identified incidentally or in individuals
with residual fragments after interventions, with defined
outcome measures for ease of comparison.

In conclusion, available evidence suggests that stone size is
not a reliable predictor of symptoms; symptoms are reported
from 0% to 59.4% in stones measuring ≤10 mm [30,32]. For
stones of ≤10 mm, risk of emergency admission lies between
15% and 20% over 50 months of follow-up [5,31]. For stones
measuring ≤10 mm over 36 months, intervention rates varied
from 12% to 35% [31,32]. We have found that the need for
intervention is linked to stone size, thus stones of >5 mm
have a 36% greater risk of intervention compared with stones
of <5 mm and stones of >10 mm have a 25% greater risk
than those of <10 mm over at least 24 months. Future long-
term studies must specifically report symptoms, stone growth
and indications for intervention. These findings will provide
vital information for urologists as they discuss management
strategies with patients who have asymptomatic renal stones
and offer insight to committees during the development of
evidence-based guidelines.
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Abbreviations: EAU, European Association of Urology;
ESWL, extracorporeal shockwave lithotripsy; HR, hazard
ratio; KSD, kidney stone disease; MET, medical expulsive
therapy; OR, odds ratio; PCNL, percutaneous
nephrolithotomy; PRISMA, Preferred Reporting Items for
Systematic Reviews and Meta-Analyses; PROM, patient-
reported outcome measure; PROSPERO, International
Prospective Register of Systematic Reviews; RCT, randomised

controlled trial; RR, relative risk; SFR, stone-free rate; URS,
ureteroscopy/ureteroscopic.
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