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Abstract
Objective  To develop a follow-up algorithm for urinary stone patients after definitive treatment.
Materials and methods  The panel performed a systematic review on follow-up of urinary stone patients after treatment 
(PROSPERO: CRD42020205739). Given the lack of comparative studies we critically evaluated the literature and reached 
a consensus on the follow-up scheme.
Results  A total of 76 studies were included in the analysis, including 17 RCTs. In the stone-free general population group, 
71–100% of patients are stone-free at 12 months while 29–94% remain stone-free at 36 months. We propose counselling 
these patients on imaging versus discharge after the first year. The stone-free rate in high-risk patients not receiving targeted 
medical therapy is < 40% at 36 months, a fact that supports imaging, metabolic, and treatment monitoring follow-up once a 
year. Patients with residual fragments ≤ 4 mm have a spontaneous expulsion rate of 18–47% and a growth rate of 10–41% at 
12 months, supporting annual imaging follow-up. Patients with residual fragments > 4 mm should be considered for surgical 
re-intervention based on the low spontaneous expulsion rate (13% at 1 year) and high risk of recurrence. Plain film KUB 
and/or kidney ultrasonography based on clinicians’ preference and stone characteristics is the preferred imaging follow-up. 
Computed tomography should be considered if patient is symptomatic or intervention is planned.
Conclusions  Based on evidence from the systematic review we propose, for the first time, a follow-up algorithm for patients 
after surgical stone treatment balancing the risks of stone recurrence against the burden of radiation from imaging studies.

Keywords  Algorithm · Follow-up · Imaging · Metabolic · Urinary stone treatment

 *	 Andreas Skolarikos 
	 andskol@yahoo.com

1	 Sant’Andrea Hospital, Sapienza University, Rome, Italy
2	 National and Kapodistrian University of Athens, Chairman 

of the EAU Urolithiasis Guidelines, Department of Urology, 
Sismanogleio Hospital, Athens, Greece

3	 Department of Urology, Freeman Hospital, 
Newcastle‑Upon‑Tyne, UK

4	 Institute of Genetic Medicine, Newcastle University, 
Newcastle‑Upon‑Tyne, UK

5	 Department of Urology, Connolly Hospital, 
Blanchardstown, Dublin 15, Ireland

6	 Department of Urology, Hospital of the Brothers of Mercy 
Trier, Medical Campus University Mainz, Trier, Germany

7	 Department of Urology, Region Hospital, Ceske Budejovice, 
Czech Republic

8	 Department of Urology, First Faculty of Medicine, Charles 
University in Prague, Prague, Czech Republic

9	 Division of Nephrology and Dialysis, Department 
of Medicine, University of Verona, Verona, Italy

10	 Department of Urology, Hospital of the Sisters of Charity, 
Vienna, Austria

11	 Urologische Praxis, Vienna, Austria
12	 Department of Urology, University Hospital Southampton 

NHS Foundation Trust, Southampton, UK
13	 Department of Urology, Guy’s and St Thomas’ Hospital, 

London, UK

http://orcid.org/0000-0003-4619-9783
http://crossmark.crossref.org/dialog/?doi=10.1007/s00345-024-04872-y&domain=pdf


	 World Journal of Urology (2024) 42:202202  Page 2 of 10

Introduction

The incidence of urolithiasis is increasing. Several factors 
such as ethnicity, diet, geographic region, and genetics 
impact the incidence of stone disease. Globally, the preva-
lence of stone disease ranges from 1 to 20% [1–3]. Moreo-
ver, incidence rates have recently increased as much as 
37% in some countries [1]. Management of stone disease 
includes extracorporeal, endoscopic, percutaneous, open 
techniques, surveillance, and medical therapy.

Approximately 50% of stone patients develop only 1 
recurrence during their lifetime; however, 10% of stone 
patients will develop highly recurrent stone disease [4]. 
Furthermore, the 5-year recurrence rate among first-
time stone formers is 26% [1, 5]. Therefore, accurate 
and appropriate follow-up of stone patients may lead to 
improved diagnosis of recurrent disease, prevention of 
symptomatic stone episodes, and decreased exposure 
to unnecessary radiation. Hitherto, the follow-up of 
stone disease in urology varies between clinicians and 
departments [6, 7].

The EAU Urolithiasis Guidelines panel performed 
a systematic review to summarize existing literature 
regarding follow-up in urolithiasis patients after treatment. 
We then aimed to provide a consensus statement on 
methods, duration, and frequency of urolithiasis follow-up.

Materials and methods

This systematic review undertaken under the auspices 
of the EAU was conducted according to the Preferred 
Reporting Items for Systematic Reviews (PRISMA) 
statement and was guided by the EAU Guidelines Office 
Methods Committee [8, 9].

Literature search

A literature search was performed using Medline/PubMed, 
EMBASE, and Cochrane Library, while registered 
randomized controlled trial protocols were screened from 
clinicaltrial.gov from 1970 to 31/09/2020. The reference 
lists of all manuscripts reviewed as full text were also 
screened for eligible studies. Two independent authors 
(LT, RL) screened the databases, and disagreements 
were resolved upon consensus with a senior author (AS). 
PRISMA flowchart is available in Supplementary Fig. S1 
and detailed search algorithm in Supplementary Appendix 
A.

Study eligibility criteria‑PICO

The initial protocol as registered and approved by 
PROSPERO Database (ID: CRD42020205739), referred 
to the comparison of urolithiasis patients (both genders, 
age ≥ 18  years old, primary/recurrent stone formers, 
renal/ureteric stones, any stone size or composition, 
stone-free patients or those with residuals, any type 
of intervention (i.e., simple observation-spontaneous 
expulsion, medical or surgical management) who were 
followed up with imaging (CT scan, X-ray, ultrasound, 
intravenous pyelography-IVU or combination of these 
methods) or/and metabolic urine screening (24-h urine 
tests) compared to patients who were not followed. The 
primary outcome included the incidence of symptomatic 
urolithiasis episodes or asymptomatic stone growth as 
defined by trialists.

Due to the total lack of comparative studies (either 
randomized or observational) in urolithiasis patients 
regarding follow-up versus no follow-up, we considered 
studies that included data about new stone growth 
in initially stone-free patients (as defined by study 
authors), stone growth in patients with residual stone 
fragments (as defined by study authors), intervention, and 
spontaneous passage rates with a follow-up after main 
treatment of > 3 months. Observational and randomized 
studies with more than 10 patients in each group, either 
prospective or retrospective, and both single-arm and 
comparative studies were eligible. We excluded study 
protocols, abstracts, review articles, case reports, studies 
with < 10 patients, as well as those including patients with 
neurological conditions, urinary diversions, or anatomical 
abnormalities.

Data collection

Two authors (LT, RL) independently extracted data from 
eligible studies, using a pre-defined Microsoft Excel sheet. 
Study characteristics (author, country/center, period, 
retrospective/prospective design, inclusion and exclusion 
criteria, comparative/single-arm design, observational/
RCT design), patient baseline characteristics (type of 
treatment used, preoperative imaging for diagnosis, 
method used to define stone-free rate, method and 
interval of imaging follow-up, method of metabolic 
follow-up, proportion of patients lost during follow-up, 
proportion of high-risk stone formers, number of patients, 
male proportion, stone max size, stone burden, stone 
composition, body mass index, number and location of 
stones) and follow-up duration. Moreover, we extracted 
data regarding defined outcomes (recurrence—new 
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stone growth proportion, stone formation rate, stone 
size increase, pain-colic episodes, visible haematuria 
rate, intervention rate, infection rate, number of hospital 
admissions and emergency room visits, renal failure, and 
renal scarring rate, changes in quality-of-life measures, 
long-term complication rate, cost per patient follow-up 
and stone-free rate). We extracted data only from studies 
reporting outcomes separately for stone-free patients 
and those with residual stone fragments. Data extraction 
was performed according to several follow-up time 
intervals categorizing studies according to mean/median 
reported follow-up duration (6  months, 6–12  months, 
12–24  months,  24–36  months,  36–48  months, 
48–60 months, 5–10 years, > 10 years).

Based on the literature search four different categories 
were identified and selected to propose different follow-up 
schedules:

•	 Stone-free patients (study defined) in the general 
population. Due to the lack of separate data on stone-
free low-risk and stone-free high-risk patients we present 
data for stone-free patients as one group: the general 
population.

•	 High-risk stone-free patients are defined as stone-
free patients with a known biochemical abnormality 
(= hypercalciuria, hypocitraturia, hyperuricosuria, renal 
tubular acidosis (RTA) or high-risk stone type such as 
struvite) (as were the only categories clearly defined as 
high-risk in the revised studies)

•	 Residual stone fragments ≤ 4 mm
•	 Residual stone fragments > 4 mm.

Risk of bias assessment

The risk of bias of each included study was assessed by two 
review authors working independently using the Cochrane 
Collaboration Risk of Bias Tool for Randomized Controlled 
Trials [10] and Newcastle–Ottawa scale for observational 
studies [11]. For case-series/non-comparative observational 
studies, we evaluated whether an a priori protocol existed, 
whether the total population was included, whether there 
was a report of all prespecified outcomes in all patients, 
and finally whether appropriate measurement of benefits and 
harms was performed by the authors [8]. 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] (Supplementary 
Table S4, Supplementary Figs. S2–S7).

Consensus statement

The consensus on the appropriate follow-up flowchart after 
stone treatment was developed in three different phases. In 
Phase I, two associates (RL and LT) divided the available 

evidence derived from the systematic review into four 
different groups creating tables including data on stone-
free rates, growth rates, and spontaneous expulsion rates 
at different time points. In Phase II, analyses based on data 
[12] from Phase I were used to generate possible follow-up 
algorithms. In Phase III, the algorithms from Phase II were 
independently reviewed by a steering committee consisting 
of the other Urolithiasis Panel members based on a benefit/
harm principle and the analyses performed using the 
Phase I data [12]. Each question was posed on 3 separate 
occasions to ensure consensus. If there was no consensus on 
a particular question or part of the algorithm, then this was 
altered and reintroduced on the next cycle. A consensus was 
defined as ≥ 80% agreement on questions and algorithms. 
Questions created and discussed by the panel members are 
listed in Supplementary Table S5.

Results

Overall, 3075 references were screened, and 2930 were 
excluded based on title and abstract. 145 full texts were 
screened after reading the full text, and 76 studies [13–88] 
were included for analysis, from which 17 were randomized 
controlled trials (RCTs) [15, 19, 20, 26, 33–41, 46, 66, 67, 
78]. The total number of patients included in eligible studies 
regarding follow-up was 11,989, while in studies negotiating 
radiation [80, 82, 83, 86] exposure during follow-up a total 
of 503,085 stone patients were analyzed. Stone-free rate, 
stone growth, and rate of spontaneous expulsion were 
assessed at different time points.

Quantitative analysis

Stone free: general population

Overall, 27 studies evaluated follow-up after stone treatment 
in the general population including stone-free patients 
(Supplementary Table S1). More specifically, 12 studies 
evaluated patients after ESWL, 7 studies after PCNL, 1 
study after URS, 2 studies after open stone surgery, and 5 
studies after medical treatment.

Among these, 5 studies presented a median follow-up of 
6–12 months and reported a stone-free rate between 71 and 
100%. However, 4 of the 5 studies reported follow-up after 
ESWL treatment. Ten studies presented a median follow-up 
of 12–24 months. Stone-free rate was 65–95% after ESWL, 
77–100% after PCNL and 60–100% after medical treatment/
dietary modifications. Seven studies reported a median 
follow-up of 24–36 months with a stone-free rate of 29–94%. 
More specifically SFR was 60–94% in the ESWL group 
and 29–91% after PCNL. Four studies reported a median 
follow-up of 36–48 months with a stone-free rate of 50–90%. 
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More specifically SFR was 50–90% after ESWL and 75% 
after PCNL. Two studies presented a median follow-up of 
48–60 months and presented a SFR of 73- 88%. Finally, 
seven studies presented a median follow-up > 5 years with a 
SFR of 62–87%. More specifically SFR ranged from 72 to 
80% after ESWL, 62% after PCNL, 87% after URS, 70–83% 
after open stone surgery, and 73% after medical treatment.

Stone free: high‑risk patients

High-risk stone patients were defined as patients with 
a known biochemical abnormality (i.e., hypercalciuria, 
hypocitraturia, hyperuricosuria, RTA) or high-risk stone 
type such as struvite. These categories were clearly defined 
in the selected studies as high-risk for recurrence. In this 
group of patients, we analyzed data according to whether 
patients received targeted medical treatment or not.

In high-risk patients not under medical treatment, 
there were no studies available with a median follow-up 
of < 12 months. Therefore, no data on SFR at this time 
point was recorded. At 12–24 months, SFR was 50%, at 
24–36 months (only one study) it was equal to 39%, while 
at 36–48 months it was nearly 27%.

In high-risk patients under medical treatment, there were 
no studies available with a median follow-up of < 12 months. 
Therefore, no data on SFR at this time point was recorded. At 
12–24 months SFR was 81%, at 24–36 months it was equal 
to 70% (only one study), at 36–48 months it ranged between 
31 and 71%, while at a median follow-up > 48 months it was 
equal to 88–100% (Supplementary Table S1).

Residual stone fragments ≤ 4 mm

After a median follow-up of 6 months, the rate of residual 
regrowth was 55% and the spontaneous expulsion rate was 
7–93% (Supplementary Tables S2–S3). After a median 
follow-up of 6–12 months, the rate of residual regrowth 
was 10–41% and the spontaneous expulsion rate was 
18–47%. After a median follow-up of 12–24 months, the 
rate of residual regrowth was 18–60% and the spontaneous 
expulsion rate was 14–40%. Studies with more than 
36 months of median follow-up were few; however, the 
rate of residual regrowth was between 32 and 79% and the 
spontaneous expulsion rate was 23–79%.

Overall, eight studies evaluated ‘high-risk’ stone patients 
with residual fragments, without a uniform definition of 
residual stone fragments. After a median follow-up of up 
to 12 months, stone regrowth ranged between 0 and 5% for 
patients under medical treatment and between 0 and 63% for 
patients not under targeted drug therapy. At 12–24 months, 
one study recorded a stone regrowth of 27%. At a follow-up 
between 24 and 120 months, stone regrowth ranged between 
0 and 78%.

Residual fragments > 4 mm

After a median follow-up of 6 months, the spontaneous 
expulsion rate was 31%, while after a median follow-up of 
6–12 months, the rate of residual regrowth reached 35% and 
the spontaneous expulsion rate was 13% (Supplementary 
Tables S2–S3). Few studies reported longer follow-ups; 
however, the rate of residual regrowth reached 88% with a 
low spontaneous expulsion rate of 9–18%.

Consensus statement

General questions

Is it necessary to  adapt follow‑up according to  the  type 
of stone intervention performed?  After analyzing the avail-
able evidence, no studies adapted follow-up according to 
the type of stone intervention performed. The participants 
agreed that based on the current evidence, the treatment 
modality does not change the follow-up recommendations 
(agreement = 100%).

How often should stone patients undergo follow‑up?  In all 
retrieved studies, patients were followed every 3–24 months 
based on the clinicians' preference. The Panel agreed that 
following patients every 3 months may result in an unten-
able workload with a little added benefit when compared to 
the every 6 months regimen (agreement > 80%). Moreover, 
radiation exposure may increase with a 3-month regimen 
(agreement > 80%). All panel members agreed to follow 
up with all patients at 6 months and 12 months no matter 
the group they belong to, based on their common clinical 
practice (agreement > 80%). The decision on a 6-monthly or 
annual follow-up is dependent on stone-free status and the 
patient’s risk category (agreement 100%).

Which imaging modalities should be performed for  fol‑
low‑up of  stone patients?  Ideally, all patients should 
undergo a non-contrast CT for follow-up; however, the radi-
ation dose outweighs the benefits of investigation (agree-
ment 100%). The first proposal was to decide on the type of 
imaging based on the analyzed data, however, the Panel dis-
agreed (agreement < 80%). The second proposal was to per-
form non-contrast CT at 6 months in all patients, however, 
the panel disagreed on this (agreement < 50%). The third 
proposal was not to use CT at any specific time point (agree-
ment > 80%). All Panel members agreed that clinicians 
should decide on whether to perform plain film KUB and/
or ultrasound (U/S) (KUS) based on local circumstances, 
and patient and stone characteristics (agreement > 80%). All 
Panel members agreed that patients should undergo non-
contrast CT when a symptomatic episode occurs and/or 
before surgical intervention (agreement = 100%).
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In high‑risk patients is  metabolic follow‑up and  treatment 
monitoring necessary?  In patients with a known biochemi-
cal abnormality, metabolic follow-up is more beneficial than 
not performing the work-up (agreement > 80%). Monitoring 
of medical treatment is more beneficial than the absence of 
monitoring (agreement > 80%).

When is  re‑intervention needed for  kidney stones?  The 
Panel members agreed that patients with residual stone 
fragments > 4 mm should be offered elective re-intervention 
(agreement > 80%).

What is  a  safe stone‑free rate to  discharge patients?  An 
80% stone-free rate safety margin was the consensus thresh-
old for discharge from follow-up (agreement > 80%). This 
was based on the findings of the meta-analysis performed 
in the data extracted from a Panel systematic review [12].

In selected patients with  residual fragments ≤ 4  mm 
re‑intervention may be performed?  The Panel members 
agreed that selected patients may need re-intervention even 
if residual stone fragments are ≤ 4 mm depending on patient 
and stone characteristics (agreement > 80%).

Specific consensus for different groups of patients (Fig. 1)

Consensus statement on stone‑free patients  The Panel pro-
poses to follow up patients with imaging at 6 and 12 months. 
Thereafter, clinicians may consider imaging at 36, 48, and 
60 months or discharge patients at any time point. Patient 
counselling on imaging versus discharge is mandatory. The 
decision to discharge patients at 36 months is based on a 
SFR safety margin of 80% derived from a pooled analysis 
performed in another systematic review/meta-analysis per-
formed by the panel [12]. In addition, there is a 90% SFR 
safety margin to discharge patients after 60 months.

Consensus statement on stone‑free high‑risk patients  Based 
on the analyzed data, Panel strongly recommends starting 
prophylactic medication in high-risk patients considering 
the low SFRs reported in patients not taking prophylaxis. 
In patients taking prophylaxis, close follow-up is required 
including imaging, metabolic evaluation, and treatment 
monitoring (i.e., side effects and compliance to treat-
ment). More specifically patients should be followed every 
6 months for the first 2 years and then annually.

Fig. 1   Follow-up algorithm for patients after stone treatment
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Consensus on  residual stone fragments ≤ 4  mm  Based on 
the analyzed data, the Panel proposed a 6-month follow-up 
initially and an annual follow-up examination thereafter, 
for patients with residual fragments ≤ 4 mm and a low risk 
of stone recurrence. High-risk stone patients with residual 
fragments ≤ 4 mm should be followed with the same follow-
up schedule as high-risk stone-free patients. More specifi-
cally patients are followed with imaging, metabolic evalua-
tion, and treatment monitoring every 6 months for the first 
2 years and then annually.

Consensus on  residual stone fragments > 4  mm  Based on 
the low rates of spontaneous expulsion and the high risk 
of stone regrowth the Panel recommends scheduled re-
intervention. However, if re-intervention is contraindicated, 
clinicians should follow up with patients every 6 months for 
the first 2 years followed by annual follow-up with imaging.

Discussion

The present study represents the first algorithm developed 
for follow-up patients after stone disease treatment. Given 
the current lack of high-level evidence on the subject, the 
EAU Urolithiasis Guidelines Panel developed a consensus 
statement based on evidence from the systematic review to 
propose a follow-up chart for patients after kidney stone 
treatment. The final algorithm is the result of a data-based 
consensus and on a benefit-to-harm principle. Especially 
in patients at high risk of recurrence, there is the need to 
establish an adequate follow-up to avoid complications 
related to stone disease, such as urosepsis or kidney failure. 
Management of stone disease should follow the example of 
oncology where an adapted follow-up is based on the risk 
of recurrence.

The main issues for follow-up of stone patients are 
increased workload, patient compliance, and risks related 
to radiation exposure. A close follow-up of all stone patients 
places a significant burden on radiology departments and 
in some countries healthcare systems may not be able to 
accommodate a high number of radiological exams. As a 
result of the increase in workload, the interpretation accu-
racy may diminish and the psychological stress of radiolo-
gists may increase [89]. Conversely, patients may seek pri-
vate practice to perform exams that may not be available 
in some national health care systems. Moreover, patients 
may not be compliant with close follow-up protocols [90]. 
Finally, the proposed algorithm may improve radiation expo-
sure of patients during follow-up, considering that KUB 
(typical effective dose = 0.02 mSv) and/or KUS (typical 
effective dose = 0 mSv) are proposed instead of CT scan 
(typical effective dose = 8 mSv) [91].

The benefits of a well-balanced follow-up include preven-
tion of symptomatic episodes, prevention of kidney function 
deterioration (especially in high-risk patients), and preven-
tion of septic episodes [92]. Our algorithm carefully consid-
ers these potential clinical scenarios and adapts the follow-
up frequency to the risk of stone recurrence.

In high-risk stone formers, data are very heterogeneous, 
and it is very difficult to draw definitive conclusions regard-
ing this group of patients. Most of the studies included in our 
analysis are old and very few of them include large cohorts. 
Considering the high risk of recurrence and symptomatic 
episodes, the panel recommends a close follow-up in these 
patients with an adequate metabolic treatment to avoid com-
plications. Although some clinicians may argue that such a 
close follow-up including metabolic evaluation may not be 
feasible in every country, we believe that these patients need 
to be followed continuously due to their risk of recurrence as 
high as 25% even 10 years after surgery [93]. Moreover, if 
high-risk patients are not followed closely, they may experi-
ence a health-related quality of life deterioration, which may 
be improved by the implementation of our algorithm [94].

The present review highlights the lack of strong evidence 
in the literature regarding follow-up of stone patients after 
treatment. Panel members strongly believe that the imple-
mentation of the proposed algorithm may improve patient 
care and disease management. Notably, the Panel made the 
important decision to exclude the routine use of non-contrast 
CT during follow-up. After extensive discussion, the Panel 
agreed that the harms in terms of high radiation exposure 
outweigh the diagnostic advantages when compared to plain 
film KUB and/or KUS. The Panel agreed that the decision 
on whether to use plain film KUB and/or KUS depends on 
urologist preference, patient and stone characteristics, and 
stone location. However, all Panel members agreed that 
a CT scan should be performed in cases of symptomatic 
stone episodes or before surgical intervention, as per existing 
guidance. In view of ultra-low dose CT scans availability, 
high-risk patients could benefit from more detailed imag-
ing during follow-up using this technology; however, this 
should be carefully balanced between risks and benefits, as 
well as availability and accompanying costs. Furthermore, 
most studies defined SFR based on X-ray, ultrasound or even 
IVU; however, these studies are not as accurate as CT scan 
and SFRs might be even lower than the reported one, further 
highlighting the need for well-designed follow-up studies in 
urolithiasis patients. The timepoint to define SFR after surgi-
cal treatment is also not universal and ranges between 1 and 
3 months in most settings; further consensus is needed to 
determine when the final SFR should be assessed, especially 
after implementation of more efficient laser types in produc-
ing finer stone particles, which can be expelled sooner.

Due to existing heterogeneity between eligible studies in 
our analysis, we chose to define high-risk patients as those 
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with biochemical abnormalities where the risk of recurrence 
is high, especially if left without appropriate treatment. As 
discussed, that was the only clear definition of high-risk stone 
formers in the studies included based on our protocol. How-
ever, we recognize that there are other patient categories listed 
as high-risk in literature and EAU Urolithiasis Guidelines [6]. 
In contrast, many first-time stone formers may experience only 
a single episode. Vaughan et al. created a revised model for 
calculating Recurrence of Kidney Stones (ROKS) in patients 
who are first-time symptomatic kidney stone formers, using 
27 clinical, imaging, and intervention-related predictors [95]. 
Based on a sample of 3.364 stone disease patients, experienc-
ing 4.951 episodes, they found that patients who are younger 
males have higher body mass index, a family history of uro-
lithiasis, asymptomatic kidney stones before the first stone 
episode, those with brushite/struvite/urate stones, stones in the 
pelvis or lower calyx, as well as those with larger number and 
size of stones, have a greater risk of subsequent recurrence 
[95]. Pregnancy was also identified as an independent risk fac-
tor [95]. All those factors should be considered when advising 
an appropriate follow-up plan in a patient who experienced a 
first, symptomatic stone episode, in conjunction with existing 
Guidelines and patient preference.

The proposed algorithm represents a guide for clinicians 
to ensure an adequate follow-up after stone treatment. In 
the past, the concept of patient-centered medicine has been 
widely adopted in all medical areas and is also essential in 
stone disease [94, 96, 97]. The follow-up strategy versus 
re-intervention should always be discussed with the patient, 
considering the pros and cons of both strategies. In patients 
with stone fragments ≤ 4 mm, re-intervention may be offered 
after discussion with the patient. Some studies suggest that 
fragments between 2 and 4 mm have a higher risk of stone-
related events when compared to smaller fragments [13]. 
Although there is lack of strong data to support this find-
ing, future studies may lead to redefining the 4 mm cut-off 
for residual fragments, especially with the current imple-
mentation of high-power holmium and thulium fiber lasers, 
which improve dusting technique. Conversely, in selected 
cases, patients with stone fragments > 4 mm may be fol-
lowed instead of treated. Overall, clinicians should take into 
consideration stone characteristics, age, comorbidities, and 
patient social context to guide the shared decision-making 
process. Our algorithm, if successfully implemented, may 
diminish both the related healthcare costs and radiation 
burden arising from repeated imaging examinations, since 
low-risk patients can be discharged. The implementation of 
the algorithm will probably demonstrate important improve-
ments in the management of stone patients as there is a 
knowledge gap regarding follow-up algorithms for benign 
compared to malignant diseases.

Our study has several limitations, mainly related to the 
scarcity and poor quality of available evidence. We used a 

wide range of dates; therefore, our results may be biased by 
the recent technological advances which alter clinical out-
comes. Another possible limitation lies in the lack of data 
regarding patients with residual fragments 2–4 mm versus 
less than 2 mm, therefore our recommendations apply to 
patients with residual fragments ≤ 4 mm considered as one 
broad category. Considering the existing literature, we had 
to establish a cut-off of 4 mm; however, we are aware that 
some studies use 5 mm as a cut-off. Moreover, great het-
erogeneity was demonstrated in eligible studies regarding 
the imaging modalities which were used by authors, as well 
as definitions of stone-free rate, regrowth, and disease pro-
gression. Data on high-risk patients are very heterogeneous 
and some studies were published many years ago, which 
may limit the interpretation of their findings. Due to the low 
quality of evidence, the Panel proposed a closer follow-up 
for this group. Moreover, we could not analyze patients with 
the classic definition of high-risk patients due to the lack 
of follow-up data; however, our study highlights the need 
for further research regarding this group. Studies included 
presented mainly aggregated follow-up data as means or 
medians, while very few studies presented consecutive data 
for each specific time point. Finally, regarding the consen-
sus methodology, the Panel consisted of EAU Urolithiasis 
Guideline Panel members and associate members, covering 
the field of Urology and Nephrology across a number of 
different countries with differing resources at their disposal. 
There was no patient representative or radiologist involved 
in this process, which could be considered a methodological 
flaw. The Delphi methodology [98] was not followed as this 
consensus was based on specific data [12], rather than an a 
priori consensus of expert opinion.

Notwithstanding all these limitations, The Panel per-
formed a consensus statement based on several discussions 
and the follow-up diagram is the result of an expert consen-
sus statement. These consensus statements represent pro-
visional proposals for the follow-up of patients after stone 
treatment. We reinforce the point that these guidelines are 
based on expert opinion, albeit following an extensive litera-
ture review, and therefore individual clinicians may decide 
not to adopt, or partially adopt, these guidelines along with 
their clinical judgment. It is clear, that evidence derived 
from well-designed, future trials is needed to delineate a 
safe and effective follow-up pathway for stone patients fol-
lowing surgical treatment.

Conclusions

The EAU Urolithiasis Guidelines panel consensus has pro-
duced for the first time a structured follow-up for stone 
patients after urolithiasis treatment. The proposed algo-
rithm stratifies the management of patients after stone 
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disease treatment based on stone burden and risk category. 
The implementation of the former algorithm will certainly 
improve the radiological burden, radiation exposure, and 
health economics of stone patients.
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