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Abstract

Context: No algorithm exists for structured follow-up of urolithiasis patients.
Objective: To provide a discharge time point during follow-up of urolithiasis patients
after treatment.
Evidence acquisition: We performed a systematic review of PubMed/Medline, EMBASE,
Cochrane Library, clinicaltrials.gov, and reference lists according to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses statement. Fifty studies were
eligible.
Evidence synthesis: From a pooled analysis of 5467 stone-free patients, we estimated
that for a safety margin of 80% for remaining stone free, patients should be followed
up using imaging, for at least 2 yr (radiopaque stones) or 3 yr (radiolucent stones) before
being discharged. Patients should be discharged after 5 yr of no recurrence with a safety
margin of 90%. Regarding residual disease, patients with fragments �4 mm could be
offered surveillance up to 4 yr since intervention rates range between 17% and 29%, dis-
ease progression between 9% and 34%, and spontaneous passage between 21% and 34%
at 49 mo. Patients with larger residual fragments should be offered further definitive
intervention since intervention rates are high (24–100%). Insufficient data exist for
high-risk patients, but the current literature dictates that patients who are adherent
to targeted medical treatment seem to experience less stone growth or regrowth of
residual fragments, and may be discharged after 36–48 mo of nonprogressive disease
on imaging.
Conclusions: This systematic review and meta-analysis indicates that stone-free
patients with radiopaque or radiolucent stones should be followed up to 2 or 3 yr,
ogy. Published by Elsevier B.V. All rights reserved.
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respectively. In patients with residual fragments �4 mm, surveillance or intervention
can be advised according to patient preferences and characteristics, while for those with
larger residual fragments, reintervention should be scheduled.
Patient summary: Here, we review the literature regarding follow-up of urolithiasis
patients. Patients who have no stones after treatment should be seen up to 2–3 yr, those
with large fragments should be reoperated, and those with small fragments could be
offered surveillance with imaging.
� 2022 European Association of Urology. Published by Elsevier B.V. All rights reserved.
1. Introduction

Urolithiasis is a common condition with an estimated
prevalence of 10.6% in the developed world [1]. Growing
knowledge about urolithiasis pathophysiology led to sub-
categorization of patients into those with low and high risks
[2]. Despite indisputable advances in basic and clinical
research regarding etiology, prevention, and management,
rates of stone recurrence are based on the findings from
older observational studies, supporting a pooled 5-yr recur-
rence rate of up to 50% [3]. Recently, Ferraro et al [4] pub-
lished an analysis of existing data from randomized
controlled trials (RCTs) regarding recurrence rates, and con-
cluded that the risk of 5-yr recurrence was 53% overall and
26% for first-time stone formers. A more personalized
approach was adopted during the creation of the Recur-
rence of Kidney Stone nomogram, where researchers identi-
fied data of first-time stone formers and provided urologists
with a valuable calculator, which can be used to estimate
individual risks for recurrence according to medical history
and other baseline patient characteristics [5,6].

Consistent follow-up is an inherent part of clinical oncol-
ogy and ensures certain benefits for patients. Despite high
recurrence, there is currently no established follow-up pat-
tern proposed either by the European Association of Urol-
ogy (EAU) [2] or by the American Urological Association
[7]. Recently, Wollin et al [8] reached a consensus and pro-
posed a practical follow-up algorithm for stone patients, but
this report does not define when patients should be dis-
charged. In addition, the report represents a narrative rather
than a systematic review of existing knowledge. The need to
homogenize follow-up practices is imperative, since it will
aid in identifying recurrences earlier and avoid devastating
complications such as urosepsis or chronic kidney disease.
More importantly, ionizing radiation exposure can be min-
imized [9].

This study aims to systematically evaluate the literature
regarding imaging follow-up of urolithiasis patients and
propose an algorithm for the duration and time of discharge
after surgical or medical intervention, according to stone
disease status [10].
2. Evidence acquisition

This systematic review and meta-analysis undertaken
under the auspices of the EAU was conducted according to
the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) statement [11] and was guided
by the EAU Guidelines Office Methods Committee [12].
R. Lombardo et al., Duration
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2.1. Literature search

A literature search was performed using Medline/PubMed,
EMBASE, and Cochrane Library, while registered RCT proto-
cols were screened from clinicaltrial.gov from 1970 to
August 31, 2020. The reference lists of all manuscripts
reviewed as full text were also screened for eligible studies.
Two independent authors (L.T. and R.L.) screened the data-
bases, and disagreements were resolved upon consensus
with a senior author (A.S.). The literature search was carried
out based on the search strategy provided in the Supple-
mentary material.

2.2. Study eligibility criteria—PICO

The initial protocol as registered and approved by the PROS-
PERO Database (CRD42020205739) referred to the compar-
ison of imaging (computed tomography [CT] scan, x-ray,
ultrasound, intravenous pyelography–intravenous urogra-
phy, or combination of these methods) or/and metabolic
scheduled follow-up (24-h urine tests) in patients with
urolithiasis. As a comparator, we defined patients who were
not followed up, while the primary outcome included the
incidence of symptomatic urolithiasis episodes or asymp-
tomatic stone growth as defined by trialists.

Owing to the lack of comparative studies (either ran-
domized or observational), we considered studies that
included data about new stone growth in initially stone-
free patients, stone growth in patients with residual stone
fragments, intervention, and spontaneous passage rates
with a follow-up after main treatment of >3 mo. Observa-
tional and randomized studies, either prospective or retro-
spective, with more than ten patients in each group, and
both single-arm and comparative studies were eligible.
We excluded study protocols, abstracts, review articles, case
reports, and studies with fewer than ten patients, as well as
those including patients with neurological and congenital
abnormalities or urinary diversions.

2.3. Data collection

Two authors (L.T. and R.L.) independently extracted data
from eligible studies, using a predefined Microsoft Excel
sheet. Study characteristics, patient baseline characteristics,
and follow-up duration were recorded. Moreover, we
extracted data regarding defined outcomes. We extracted
data only from studies reporting outcomes separately for
stone-free patients and those with residual stone frag-
ments. Data extraction was performed according to several
follow-up time intervals categorizing studies according to
the median reported follow-up duration (6, 6–12, 12–24,
24–36, 36–48, and 48–60 mo, and 5–10 and >10 yr).
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2.4. Risk of bias assessment

Two authors (L.T. and R.L.) assessed the risk of bias of indi-
vidual studies independently, according to the Cochrane
Collaboration Risk of Bias Tool for Randomized Controlled
Trials [13] and the Newcastle-Ottawa scale for observa-
tional studies [14]. The following fields were assessed for
RCTs: random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective reporting,
and other sources of bias [13]. For case-series/
noncomparative studies we evaluated whether an a priori
protocol existed, whether the total population was
included, whether there was a report of all prespecified out-
comes in all patients, and finally whether appropriate mea-
surement of benefits and harms was performed by the
authors. The overall risk of bias was considered low if all
answers were ‘‘yes’’ and high if at least one of these answers
was ‘‘no’’ [12].

2.5. Publication bias assessment

Publication bias was assessed via visual inspection of
Egger’s plots, while trim and fill adjustments were also per-
formed to minimize the effect of this type of bias on the
outcome.

2.6. Assessment of certainty of evidence

The certainty of presented evidence was assessed using the
Grading of Recommendations Assessment, Development
and Evaluation (GRADE) system for primary outcomes, as
described above. Five factors were considered: risk of bias,
imprecision, inconsistency, indirectness, and publication
bias [15]. As instructed by the tool, we reduced the level
of evidence from RCTs by one for serious risk of bias (or
by two for very serious risks, indirectness of evidence, seri-
ous inconsistency, imprecision, or high risk for publication
bias) [15]. Data derived from nonrandomized studies
started at low quality.

2.7. Statistical analysis

A meta-analysis of proportions was performed using a
random-effect model when heterogeneity was >50%, while
the fixed-effect model was used for heterogeneity <50%.
Heterogeneity was assessed using I2, tau2, and Cochran’s
Q. All statistical analyses were performed using R (R Statis-
tical software, Vienna, Austria) with ‘‘meta’’ package [16].
We present aggregate percentages for outcomes according
to the random- or fixed-effect model as above. We per-
formed trim and fill analyses to statistically assess publica-
tion bias. Adjusted values for the trim and fill analyses are
presented along with the calculated number of missing
studies (Supplementary material).

2.8. Research questions

After initial data extraction, two main questions were to be
addressed with statistical analysis. First, if a patient was
defined as stone free, according to the authors’ definition
as a patient with no residual fragments, when is an appro-
priate time point to discharge the patient and stop the
imaging follow-up?
Please cite this article as: L. Tzelves, R. Geraghty, R. Lombardo et al., Duration
Patients with Urolithiasis After Surgical or Medical Intervention: A Systema
Guideline Panel on Urolithiasis, Eur Urol Focus (2022), https://doi.org/10.101
To answer this question, we examined two different cut-
off points for discharging patients (stone-free rate [SFR]:
80% and 90%) meaning that at a proposed time point, 80%
(or 90%) of patients who were initially stone free will
remain stone free based on imaging follow-up, with a mar-
gin of error equal to 20% (or 10%). Stone-free patients were
analyzed according to the time period for each study (6–12,
12–24, 24–36, 36–48, and 48–60 mo, and 5–10 and >10 yr),
until a proportion of �80% (or �90%) was achieved, with
acceptable heterogeneity (I2 � 80%) between included stud-
ies. In cases with a high stone-free proportion, but with the
existence of high heterogeneity, we performed a subgroup
analysis of this time interval according to the imaging
modality used, to assess potential sources of heterogeneity.

The second question aimed to address whether patients
with residual stone fragments should be observed or
advised to undergo further treatment.

To answer this question, patients with residual frag-
ments were subcategorized to those with dust, and frag-
ments �4 or >4 mm. Since no clear definition exists in the
current literature regarding clinically insignificant residual
fragments (CIRFs), we used 4 mm as the cutoff point, since
this was the most used cutoff in eligible studies for analysis.
A meta-analysis on eligible studies was performed to calcu-
late pooled proportions for three outcomes: disease pro-
gression (residual fragment size increase as defined by
study authors), intervention, and spontaneous passage
rates. Similarly, we further analyzed data according to the
following time periods: <20, 20–34, 35–49, and >50 mo dic-
tated by existing follow-up periods in eligible studies, to
reduce study heterogeneity regarding follow-up intervals.
Regarding dust, we performed a separate literature search
on included databases. Since only one study [17] contained
data for dust and adequate follow-up, we propose that dust
should be treated as �4 mm fragments, until more data
become available.

Since most studies included a mixed stone patient cohort
(stone type, treatment modality used, imaging type, follow-
up periods, stone location, and size), the two aforemen-
tioned broad categories refer to a mixed stone population,
without the ability to discriminate between low- and
high-risk (metabolic abnormalities/infection stones) stone
formers. To further meta-analyze recurrence rates in
patients who are defined to have a high risk in RCTs, we per-
formed a subgroup analysis on data derived from RCTs.
Patients in these studies suffered from a variety of meta-
bolic abnormalities (hypercalciuria, hyperuricosuria, and
hypocitraturia) or from staghorn, struvite, or recurrent
stones, as defined by study authors. Similarly, with previous
analyses, time intervals were used for this analysis.

3. Evidence synthesis

3.1. Selected studies

An initial literature search revealed a total of 3075 studies;
after abstract screening 2930 were excluded, while 145
were screened after reading the full text (Fig. 1). According
to the inclusion criteria, we finally included 50 studies for
analysis [17–66], while 11 studies were excluded due to
referring only to the observation of stone patients, which
was recently analyzed and summarized by Lovegrove and
Geraghty [67] in their meta-analysis. Moreover, 17 studies
of Follow-up and Timing of Discharge from Imaging Follow-up, in Adult
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Fig. 1 – PRISMA flow diagram. PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-analyses.
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were excluded due to referring to children, four due to radi-
ation doses received by urolithiasis patients, and nine due
to definition of residual fragments other than �4/>4 mm,
unclear follow-up duration, or mixed type of intervention.
Finally, 54 studies were excluded due to reporting reasons
or non-English language. The flow diagram is shown in Fig-
ure 1, while the characteristics of included studies are
shown in Supplementary Tables 1 and 2 for stone-free
patients and patients with residuals, respectively. The risk
of bias assessment is shown in Supplementary Table 3.

3.1.1. Stone-free patients
A pooled analysis of stone-free patients was performed
according to follow-up intervals. A total of 5467 stone-
free patients were analyzed. The proportions of patients
who remained stone free were 85% (95% confidence interval
[CI]: 46–98%) at 6–12 mo, 80% (95% CI: 62–91%) at 12–24
mo, 88% (95% CI: 63–97%) at 24–36 mo, 69% (95% CI: 45–
86%) at 36–48 mo, 98% (95% CI: 12–100%) at 48–60 mo,
and 81% (95% CI: 76–85%) at 5–10 yr, while at a time inter-
val of >10 yr, only one study reported that 73% of patients
remained stone free.

Heterogeneity across studies was very high at intervals
of 6–12 and 12–24 mo, while moderate heterogeneity was
Please cite this article as: L. Tzelves, R. Geraghty, R. Lombardo et al., Duration
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detected at 24–36 mo (summarized for all analyses in Sup-
plementary Table 4). Therefore, an acceptable discharge
time point of stone-free patients when setting a threshold
SFR of 80% is after 3 yr of imaging follow-up (GRADE cer-
tainty of evidence: low). Similarly, an acceptable discharge
time point of stone-free patients with a threshold of 90%
is after 5 yr of follow-up, with the heterogeneity of studies
being 80%. All analyses are shown in the forest plots of
Figure 2.

A subgroup analysis was performed according to the
type of imaging modality used during follow-up for inter-
vals of 12–24 and 24–36 mo. If CT was used, only 37%
remained stone free at 24 mo, while if x-ray was used,
82% were stone free at 2 yr (Fig. 3A). Similarly, if only x-
ray was used, 91% remained stone free at 3 yr with only
two studies being analyzed, while if x-ray and ultrasound
were used, 81% (95% CI: 57–94%) remained stone free at 3
yr. Therefore, for radiolucent stones, stone-free patients
should be followed for at least 3 yr before being discharged,
while patients with radiopaque stones should be followed
with x-ray for at least 2 yr before being discharged, to
achieve an SFR of 80% (GRADE certainty of evidence: low;
Fig. 3B).
of Follow-up and Timing of Discharge from Imaging Follow-up, in Adult
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Fig. 2 – Forest plots per time interval for stone-free patients. CI = confidence interval; CT = computed tomography; IVU = intravenous urography; US =
ultrasound; XR = x-ray.

Fig. 3 – Subgroup analysis according to imaging modality for stone-free patients: (A) CT versus x-ray imaging follow-up and (B) x-ray versus x-ray + ultrasound
imaging follow-up. CI = confidence interval; CT = computed tomography; US = ultrasound; XR = x-ray.
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3.1.2. Patients with residual fragments
3.1.2.1. Fragments of �4 mm and dust.
3.1.2.1.1. Disease progression. A pooled analysis including
1274 patients revealed progression of stone disease as
defined by trialists, at 19% (95% CI: 7–42%) of patients at
20 mo, 9% (95% CI: 2–33%) at 34 mo, and 34% (95% CI:
26–43%) at 49 mo, with significant heterogeneity at 20
Please cite this article as: L. Tzelves, R. Geraghty, R. Lombardo et al., Duration
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and 34 mo and low heterogeneity (I2 = 0%) at 49 mo (sum-
marized for all analyses in Supplementary Table 4). Rele-
vant forest plots are shown in Figure 4A (GRADE certainty
of evidence: low).

3.1.2.1.2. Intervention rate. A pooled analysis including
1274 patients revealed intervention rates at 17% (95% CI:
12–24%) at 20 mo, 29% (95% CI: 26–33%) at 34 mo, and
of Follow-up and Timing of Discharge from Imaging Follow-up, in Adult
tic Review and Meta-analysis from the European Association of Urology
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Fig. 4 – Forest plots per time interval for patients with residual fragments �4 mm: (A) disease progression, (B) intervention, and (C) spontaneous passage. CI =
confidence interval.
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20% (95% CI: 14–28%) at 49 mo. Relevant forest plots are
shown in Figure 4B (GRADE certainty of evidence: low).

3.1.2.1.3. Spontaneous stone passage rate. A pooled analysis
of 1158 patients revealed spontaneous stone expulsion in
34% (95% CI: 20–52%) of patients at 20 mo and 21% (95%
CI: 6–51%) at 34 mo. Relevant forest plots are shown in Fig-
ure 4C (GRADE certainty of evidence: low).
3.1.2.2. Fragments of >4 mm.
3.1.2.2.1. Disease progression. A pooled analysis of 226
patients revealed progression of stone disease, as defined
by trialists, at 26% (95% CI: 18–35%) of patients at 20 mo,
while after 34- and 49-mo, data from a single study arm
were available, with progression at 4% and 67%, respec-
tively. Relevant forest plots are shown in Figure 5A (GRADE
certainty of evidence: low).

3.1.2.2.2. Intervention rate. A pooled analysis of 367
patients revealed intervention rates at 47% (95% CI: 21–
75%) of patients at 20 mo and 66% (95% CI: 25–92%) at
follow-up of >50 mo. Only single studies were available
after this time, with intervention rates of 24% at 34 mo
and 100% at 49 mo. Relevant forest plots are shown in Fig-
ure 5B (GRADE certainty of evidence: low).

3.1.2.2.3. Spontaneous stone passage rate. A pooled analysis
of 217 patients revealed spontaneous passage of residual
fragments in 19% (95%CI: 9–34%) of patients at 20 mo and
10% (single study) at 34 mo. Relevant forest plots are shown
in Figure 5C (GRADE certainty of evidence: low).
Please cite this article as: L. Tzelves, R. Geraghty, R. Lombardo et al., Duration
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3.1.3. High-risk patients
Owing to insufficient data from existing RCTs regarding dis-
tinct metabolic abnormalities, we performed a pooled anal-
ysis of study arms regarding stone-free patients versus
patients with residuals, as well as for those on targeted
medical treatment versus those not being treated for their
metabolic abnormality.

3.1.4. High-risk, stone-free patients not under medical therapy
A pooled analysis of 431 patients revealed an SFR of 73%
(95% CI: 46–89%) at the end of follow-up, with only one
study available for <24-mo follow-up. At 24–36 mo, the
SFR persisted at 84% (95% CI: 38–98%) of initially stone-
free patients without treatment, while at 36–48 mo, the
SFR was at 56% (95% CI: 25–83%; GRADE certainty of evi-
dence: low).

3.1.5. High-risk, stone-free patients under targeted medical
therapy
A pooled analysis of 541 patients revealed an SFR equal to
77% (95% CI: 57–89%; GRADE certainty of evidence: low)
at the end of follow-up. Most time intervals contained a sin-
gle study arm, with a high risk for publication bias (I2 =
82.8%, 95% CI: 67.5–90.9%).

3.1.6. High-risk patients with residual fragments, not under
targeted medical therapy
A pooled analysis of 174 patients revealed a 43% (95% CI:
35–50%) risk of stone growth during imaging follow-up,
with only one study arm at 12–24-mo and 5–10-yr inter-
of Follow-up and Timing of Discharge from Imaging Follow-up, in Adult
tic Review and Meta-analysis from the European Association of Urology
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Fig. 5 – Forests plots per time interval for patients with residual fragments >4 mm: (A) disease progression, (B) intervention, (C) spontaneous passage. CI =
confidence interval.
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vals. At 24–36 mo, 73% (95% CI: 51–87%) showed stone
growth, while at 36–48 mo, 36% (95% CI: 28–44%) of
patients experienced stone regrowth (GRADE certainty of
evidence: low).

3.1.7. High-risk patients with residual fragments being under
targeted medical therapy
A pooled analysis of 96 patients revealed an 18% (95% CI:
11–27%) risk of stone regrowth with maximum follow-up
at 4 yr and most intervals containing data from a single
study arm (GRADE certainty of evidence: low).

A flow diagram of the proposed follow-up based on the
findings of the literature search and subsequent meta-
analysis is shown in Figure 6.

3.1.8. Risk of bias analysis
The overall risk of bias was high—specifically in domains of
randomization/allocation concealment and the proportion
of patients who were lost during follow-up (Supplementary
Table 3).

3.2. Discussion

The prevalence of urolithiasis is rising. A study of >5000
patients undergoing CT colonography showed asymp-
tomatic stone disease in 7.1% [68]. The implications of this
condition apply to both patients and healthcare systems
with high associated expenditures [69]. The classical knowl-
edge, based on older observational studies, supports a high
recurrence rate of urolithiasis, approaching 50% at 5 yr [3].
Despite these frequent relapses, no standard follow-up plan
exists, with recent reports being mainly based on consensus
statements to provide practical algorithms [8]. Our study is
Please cite this article as: L. Tzelves, R. Geraghty, R. Lombardo et al., Duration
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the first reported systematic appraisal of the existing litera-
ture, and we provide a pooled analysis based on current
published data, to guide the discharge time point for
stone-free patients and the management of those with
residual fragments according to maximum size.

Postoperative recurrence risk can be dictated by under-
lying metabolic abnormalities and anatomic variations.
Therefore, it is essential to follow up with these patients
appropriately. Our analysis showed that patients who were
initially stone free can be discharged after 3 yr of imaging
follow-up, since at this time point, 80% of people who were
initially stone free will not experience any new stone occur-
rence. Furthermore, in a subgroup analysis, patients with
radiopaque stones could be discharged earlier at 2 yr, while
those with radiolucent stones after 3 yr. The essential need
to establish follow-up guidelines for urolithiasis is sup-
ported by findings of Ferrandino et al [70], who found that
20% of patients exceeded the annual 50 mSv radiation
threshold, with a mean of 1.7 CT scans per patient. Although
these studies were published with data from standard-dose
CT scans instead of currently used low-dose protocols, the
inherent health risks caused by radiation exposure cannot
be disregarded [71,72] and are commonly ignored by urol-
ogists, while the importance of ultrasound use is empha-
sized [73]. Of course, the use of a CT scan for follow-up
would certainly decrease the SFR, since according to our
findings if CT was used, only 37% remained stone free at
24 mo, while if x-ray was used, 82% remained stone free
within the same time period, showing a 45% difference.

The most prevalent definition for CIRFs is fragments
measuring �4 mm, since these are unlikely to cause symp-
toms [74]. However, these fragments can become a nidus
for stone regrowth [75]. The use of a cutoff limit to guide
of Follow-up and Timing of Discharge from Imaging Follow-up, in Adult
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Fig. 6 – Flow diagram of the proposed follow-up based on the findings of literature search and subsequent meta-analysis. US = ultrasound. a Patients with
diagnosed metabolic abnormalities. b Not enough data about subgroup analysis of radiolucent and radiopaque stones. c According to patient preference of
symptomatic disease. d Lifelong follow-up is advised, but data are available up to 10 yr.
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further treatment has the main drawback of inconsistency
between several imaging methods. A CT scan seems to over-
estimate size by 0.8 mm compared with x-ray, while ultra-
sound overestimates size by 1.9 mm compared with CT
[76,77]. Brain et al [78] recently summarized evidence
regarding the natural history of residual fragments. They
report that fragments >4 mm show higher progression rates
than fragments <4 mm at 4 yr (88% vs 47%) and similarly for
intervention rates (47% vs 22% at 4 yr) [78]. In our analysis,
we used a stricter definition of CIRFs and excluded studies
reporting results for fragments �5 mm. For stones >4 mm,
spontaneous passage occurred in only 10–19% of patients,
progression ranges between 4% and 67%, and intervention
ranges between 24% and 100%. In contrast, patients with
residuals �4 mm showed spontaneous expulsion at 21–
34%, progression at 9–34%, and intervention rate up to
29% at 4 yr. Considering the significant drop in quality of life
due to bouts of pain and frequent analgesic use in patients
with larger residuals [47], they should be advised to
undergo reintervention instead of surveillance. Patients
with smaller residuals could be followed up for up to 4 yr
since spontaneous expulsion rates are acceptable and
stone-related events are lower compared with those pro-
posed by Streem et al [49] and Glowacki et al [79] (nearly
50%).

Raman et al [54] using 2 mm as a cutoff for residual frag-
ments after PCNL concluded that fragments >2 mm are sig-
nificantly associated with more stone-related events and
ancillary procedures. Similarly, Portis et al [80] used several
cutoff points for PCNL residuals (4, 2, and 0 mm) to decide
whether a tubeless procedure will be feasible and claim that
4 mm cutoff is a more easily identifiable limit (on follow-up
imaging); yet, 2–4 mm fragments could become symp-
tomatic more often than those measuring <2 mm. The deci-
sion on which pathway to follow should be made together
with the patient after considering factors such as residual
fragment size, patient age, socioeconomic status, employ-
ment, and rate of disease progression.

Fulgham et al [81] provide an algorithm for pos-
tureteroscopy imaging follow-up, according to whether
stone fragmentation was used during ureteroscopy and
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the existence of symptoms postoperatively. Ureteric stric-
tures are a rare complication of ureteroscopy [81–85]. Given
the number of asymptomatic patients after ureteroscopy
needed to undergo radiographic studies (number need to
treat = 25) [81] to diagnose one patient with asymptomatic
obstruction, it may be justified to follow up patients with
ultrasound in case of copious surgery, clinical suspicion of
retained fragments, ureteral trauma, abnormal anatomy,
or recurrent urolithiasis, and patients at a high risk for
chronic kidney disease.

Existing data for high-risk patients, either on medical
treatment or not, are highly heterogeneous and insufficient
to conclude a proper time point to discharge patients from
follow-up. Nevertheless, patients who are compliant to
proper treatment seem to experience less stone growth or
regrowth of residuals, and may be discharged after 36–48
mo of nonprogressive disease on imaging. However, consid-
ering the underlying metabolic risk factors in this category
of patients, common recurrence up to 25% even 10 yr after
surgery [86] and several problematic aspects of medical
treatment (common side effects and associated electrolyte
abnormalities, or low compliance rates), continuous
follow-up is warranted.

This systematic review has certain limitations. Included
studies are mainly observational. Several sources of inher-
ent heterogeneity exist among studies, such as different
definitions of stone regrowth and disease progression, uti-
lization of multiple imaging methods or time intervals for
patient follow-up, and various modalities to determine
stone-free status. Moreover, we used data from a mixed
stone population, regarding treatment type, stone location,
and composition, and we were unable to perform a separate
subgroup analysis for these factors. Data derived from stud-
ies scattered along a 50-yr period, in which several techno-
logical advances permitted urologists to manage stone
disease more effectively and safely, adding a certain degree
of heterogeneity among data. A residual fragment cutoff of
�4 mm was determined according to the most common
definition found in the literature, but no subgroup analysis
for fragments 2–4 and <2 mm was possible. Finally, we
were able to provide evidence only for specific time points
of Follow-up and Timing of Discharge from Imaging Follow-up, in Adult
tic Review and Meta-analysis from the European Association of Urology
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of follow-up, guided by the existing literature for stone dis-
ease follow-up, without having access to consecutive data
for every study. Nevertheless, we followed a strict method-
ology, and those limitations do not represent methodologi-
cal flaws, but weaknesses and gaps of the existing literature,
as shown by the risk of bias assessment, while we gathered
and summarized the best existing evidence regarding a
highly debated gap of urological literature.

4. Conclusions

This systematic review and meta-analysis provides a sum-
mary of existing evidence regarding follow-up of stone
patients after treatment. In stone-free patients with radio-
paque stones, follow-up should be offered up to 2 yr, and
up to 3 yr for those with radiolucent stones. In patients with
residual fragments �4 mm, surveillance or intervention can
be advised according to patient preferences and characteris-
tics, while for those with larger residual fragments, reinter-
vention should be scheduled.
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