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Abstract: Background/Objectives: Nephrolithiasis is a heterogeneous disease with a high prevalence
and recurrence rate. Although there has been much progress regarding the surgical treatment of
stones, a standardized follow-up, especially in recurrent stone formers (SFs), has yet to be decided.
This fact leads to the overuse of computed tomography (CT) scans and many reoperations in patients,
thus increasing their morbidity and the financial burden on the health systems. This review sys-
tematically searched the literature for original articles regarding imaging strategies and endoscopic
treatment for patients with recurrent urolithiasis, aiming to identify optimal strategies to deal with
these patients. Methods: We systematically searched the Medline database (accessed on 1 April 2024)
for articles regarding imaging modalities and endoscopic treatment for patients with recurrent urinary
tract lithiasis. Results: No specific follow-up or endoscopic treatment strategy exists for patients
with recurrent urolithiasis. CT scan was the imaging modality most used in the studies, followed by
X-ray, ultrasonography, and digital tomosynthesis. A transparent algorithm could not be identified.
Percutaneous nephrolithotomy (PCNL), retrograde intrarenal surgery (RIRS), and ureteroscopy (URS)
were used in the studies for endoscopic treatment. PCNL showed the best stone-free (SFr) rate and
lowest hazard ratio (HR) for reoperation. RIRS showed superiority over extracorporeal shockwave
lithotripsy for recurrent SFs, but fragments over 4 mm increased the recurrent rate. URS has an
increased HR for reoperation for bilateral stones. Conclusions: The heterogeneity of urolithiasis
leaves urologists without a standardized plan for recurrent SFs. Thus, each patient’s follow-up should
be planned individually and holistically. Pre-stenting is not to be avoided, especially in high-risk
patients, and SFr status needs to be the aim. Finally, CT scans should not be generally overused but
should be part of a patient’s treatment plan. Prospective studies are required to define SFr status, the
size of significant residual fragments, and the modalities of intervention and follow-up.

Keywords: stone formers; urolithiasis; nephrolithiasis; stone recurrence; kidney stones; PCNL;
URS; RIRS

1. Introduction

Urolithiasis is a vital symptom—a complication—and is often considered a disease.
The prevalence and incidence of lithiasis seem to increase significantly over time, especially
in countries where data are correctly recorded. The prevalence of urolithiasis has been
documented to have increased in Spain from 0.1 to 10, while 9.8% of adults above 45 years
report the disease in France [1]. In Greece, specifically Thebes, one of the highest one-year
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prevalence rates of 15.2% has been recorded. Regarding the incidence, the example of
Germany is typical, where it has increased 6-fold in almost 20 years [1]. The gap between
men and women seems to be closing nowadays, while the incidence with age increases [1,2].
Recurrent stone formation is another significant concern affecting patients and healthcare
providers. It is a complex issue that requires a multidisciplinary approach. The condition
is characterized by the recurrence of stone formation in the same or different parts of the
urinary tract despite the successful treatment of previous stones.

The pathophysiology of urinary tract lithiasis is a complex challenge for the scientific
community. The traditional theory of lithogenesis, which is based on the supersaturation
and subsequent nucleation of crystals and growth aggregation, does not seem to be verified
in many cases [3]. Current data suggest the disease is multifactorial and systemic, involving
genetic and environmental factors. Specific genetic variants could increase the risk of stone
formation. Environmental factors, such as dietary habits and hydration levels, also play a
role in stone development [3]. The presence of other medical conditions, such as diabetes
and obesity, can further complicate the risk of stone formation. This multifaceted nature of
the disease underscores the importance of a multidisciplinary approach to its management.

Several factors have been proposed to increase the likelihood of recurrent stone forma-
tion. Specific genetic variants are associated with an increased risk, and recent examples
include the upregulation of the vitamin D receptor and the downregulation of claudin
14 [4]. These alterations lead to hypercalciuria, which favors lithogenesis [4]. Lately, there
has been considerable discussion about Nutrigenomics. For example, acetic acid (vinegar)
appears to reduce urinary calcium and increase urinary citrate, probably by promoting
the expression of some specific microRNAs [4]. A diet rich in oxalates, calcium, and
phosphorus, inadequate hydration, and medical conditions such as diabetes, obesity, hy-
pertension, cardiovascular and chronic kidney disease, and gout can contribute to stone
formation [1-3]. However, targeted randomized studies still need to be conducted to
improve fluid intake and diet recommendations [2]. A recent meta-analysis showed that
the main risk factors for recurrent lithiasis are uric acid stones, stones in the pelvis or lower
pole, asymptomatic non-obstructive stones, previous renal colic before the first confirmed
case, previous interventions for a stone, white race, and hypertension [1].

One of the main problems in managing patients with stone relapses is their cumulative
radiation exposure and general anesthesia sessions. The role of healthcare providers in
managing this aspect is crucial, as there are no clear guideline recommendations. One in
five patients with a single episode of urolithiasis receives a high dose of radiation within the
first year of follow-up [5]. Data show that 10% of patients with urolithiasis receive radiation
above safety due to their submission to kidney—ureter-bladder (KUB) X-ray, computed
tomography (CT), and fluoroscopy [5,6].

Finally, clinicians should consider the economic impact of urolithiasis management
in terms of surgical interventions and diagnostic test imaging, particularly in recurrent
stone formers (SFs). Unlike other pathologies, lithiasis affects the workforce in terms of
age, indirectly affecting the disease’s cost. In the USA, it is estimated that the direct cost of
lithiasis is about USD 4.5 billion, while the indirect cost is 750 million annually [7].

This review will delve into the latest research and clinical practices, providing a
comprehensive overview of the current literature on recurrent stone formation and focusing
on imaging modalities and endoscopic interventions.

2. Materials and Methods
2.1. Search Strategy

We systematically searched the Medline database (https://pubmed.ncbi.nlm.nih.
gov, accessed on 1 April 2024) for articles regarding patients with recurrent urinary tract
lithiasis. The limitations of using a single database for review were considered [8]. The
keywords used were the following: “Nephrolith” OR “Kidney Calculus” OR “ROKS”
OR “Kidney Stones” OR “Kidney Stone” OR “Urinary Calculi” OR “Renal Calculi” AND
“Relapse” OR “Relapses” OR “Recurrences” OR “Recurrence” OR “Recurrent” OR “Repeat”
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OR “Retreatment” OR “Recrudescence” OR “Recrudescences” (all fields). Cmav and VT
independently performed the retrieval on 1 April 2024. The references of the identified
papers were also screened to determine further potential studies.

2.2. Selection Criteria

Our search was specifically tailored to identify studies on imaging strategies such as
ultrasonography (US), CT, KUB X-ray, fluoroscopy, and pyelography. We also searched
for relevant endoscopic treatment modalities such as ureteroscopy (URS), percutaneous
nephrolithotomy (PNCL), retrograde intrarenal surgery (RIRS), or flexible URS for urinary
tract lithiasis recurrence. We included original articles and case series published between
1 January 2014 and 1 April 2024, written in English. To maintain the relevance of our
findings, we excluded articles on pregnant women and young people under 18, as well as
surveys, reviews, guidelines, protocols, and case reports.

2.3. Data Extraction

For our data extraction, we focused on studies that reported on endoscopic surgical
interventions and imaging modalities related to stone recurrence. We compiled all the
relevant studies in a table, including the first author’s surname, publication year, popula-
tion size and characteristics, follow-up time, the imaging modalities used, the urological
interventions performed, and the primary outcomes reported. This comprehensive table
serves as a valuable resource for our systematic search.

3. Results

Our comprehensive review encompasses a substantial body of research, incorporating
34 studies and a significant participant pool of 899,127 individuals [6,9-41].

3.1. Studies Selection

From an initial pool of 6155 results in the Medline database, we meticulously excluded
5611 studies that did not meet our rigorous criteria (articles before 2014, pregnant women,
exclusively pediatric population, non-English, unavailable). The study by Kavoussi et al.
was ultimately chosen due to its focus on an adult population [25]. Subsequently, 510 of
the remaining 544 articles were excluded as they were reviews, protocols, surveys, case
reports, or irrelevant to our research question. Finally, 34 studies were included in the
qualitative synthesis, forming the robust foundation of our findings. Figure 1 provides a
visual representation of this study’s flow diagram.

3.2. Imaging Modalities

Stone imaging techniques were reported in 27 of the 34 studies [6,9-14,16,18-26,28-31,33-36,40,41].
The imaging modality was not mentioned or clarified in the remaining nine studies, and
the reference was not clarified [9,15,17,25,27,32,37-39]. Table 1 summarizes the studies
referring to imaging modalities.

Table 1. Studies on referenced imaging methods.

Reference Year Study Population Age Gender Imaging Follow-Up Outcomes
Stone recurrence in
Group 1, 15 patients (34.1%). A
asymp- Group 1 algldj(?n?;il total of 11 needed
44 patients tomatic or (18 males, US (twice interventional therapy
Ozgor et al. 2014 Retrospective (residual stone-free 11 females) er year) 30.5 + 8.809 (5RIRS, 2 SWL, 3 URS,
[30] P fragments < (SFr) 44.1 + Group 2 AIL do};nina.l months and 1 PCNL). Si.ze and
5 mm) 13.4 Group 2, (9 males, CT number of residual
symptomatic 6 females) (annually) stones were not

38+19.9

associated with
recurrence.
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Table 1. Cont.

Reference Year Study Population Age

Gender

Imaging Follow-Up Outcomes

42 (32-54)
2239 41 (31-51.0)
Rule et al. . first-time in
[33] 2014 Retrospective symptomatic ~ symptomatic
SFs recurrence
patients

1399 males,
840 females
the

Surgery was weakly
associated with a
decreased risk of

symptomatic
recurrence but could
not discriminate high-
from low-risk patients.
Prior incidental

(asymptomatic) stone
and >2 stones on
imaging were risk

factors for recurrence

(unadjusted HRs = 1.53
(p =0.004) and 1.72
(p <0.001),
respectively).
Symptomatic

recurrence rates at 2, 5,

10, and 15 years were
llo/o, 200/0, 310/0, and

39%, respectively.

CT imaging
without
clarifying
further
details about 11.2 years
follow-up or
radiation
protocol

12 recurrent
SFs with

[18] 2015 Retrospective ~ medullary
sponge
kidney

Evan et al. 46.8 (36-66)

The osteogenic theory
was not supported.
Urinary stasis could

explain the
pathophysiology of
stone recurrence.

Biopsy is not of value

in the clinical
management of
patients with MSK.

4 males,

KUB and CT NA
8 females

Portis et al 218 first-time
" 2015 Retrospective  SFs (burden
(31]
<1.5cm)

51.5+15

in males and

A total of 19 patients
(8.7%) needed repeat
surgery
(14 ureteroscopy and
5PCNL). Total stone
burden was associated
with repeat surgery.
Postoperative CT did
not play a role in the
need for reoperation.
Cumulative repeat
surgery rate was 5.8%
and 8.6% at 1 and
5 years, respectively. A
total of 26% of patients
with fragments >2 to
4 mm and 46% of
patients with fragments
>4 mm needed
reoperation.

124
consecutive
procedures

4.1 years (in-
after stent terquartile

range,
102 in removal) 3.5-4.8)

females

CT (1 month

The abdominal aortic

111 (57
recurrent
calcium SFs

Shavit et al. 2015 Retrospective  and 54 age-
[36] and

sex-matched
controls)

47 £13

47 4+ 14 (SFs),

(controls)

NCCT KUB
(assessed the

abdominal

63 males, aortic
48 females calcification NA
and vertebral
bone mineral
density)

calcification severity
score was significantly
higher in SFs compared
with the control group.
The average vertebral
bone mineral density
was significantly lower
in SFs.
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Table 1. Cont.
Reference Year Study Population Age Gender Imaging Follow-Up Outcomes
Mean time DT could be used to
62 (the exact interval of follow-up patients with
Cabrera et al number of 80.6 davs intrarenal lithiasis.
" 2016 Retrospective recurrent SFs 42 NA NCCT, DT - cay Regarding the ureter, it
[12] between .
was not NCCT and is reported that NCCT
clear) DT identified 7 stones,
' while DT identified 1.
Stone recurrence in
No routine 26 patients (30.1%).
85 SFr imaging in SWL in 6 patients,
patients asymp- medical treatment in
. (included tomatic 5 patients, RIRS in 9,
He1r21]et al. 2016 Retrospective those 49.8 (17-80) 68fmalels, 17 patients. > 31111 oggths gnd multiple in 6.
(21] with small emates Low-dose (31-69) Residual fragments are
fragments CT at first an important predictor
<1mm) stone-related for ipsilateral stone
event recurrence both in high-
and low-risk patients.
relclirfeit 47 +14 Increased HU papillary
nephrolithia- (nephrolithi- density in the recurrent
Shavit et al. 2016 Prospective st and 54 asis) 63 males, NCCT NA SFs regardless of
[35] P - and 47 +13 48 females whether they are
sei-griaizhe d (without hypercalciuric or
lithiasis) non-hypercalciuric.
controls)
MS patients more likely
to have undergone a
PCNL (25% vs. 12%,
181 recurrent p = 0.005) with a higher
SFs (61 53.7 proportion of struvite
patients with (47.0-61.3, and calcium phosphate
Ganesan 2017 Retrospective MS No MS) 57 males, 124 CT (when 39 (1.5-7.7) and stones (8% vs. 3%,
etal. [19] P compared 53.2 females available) years p =0.03 and 42% vs.
with 120 (47.0-58.1, 15%, p < 0.001,
matched MS) respectively). Less
controls) likely to have calcium
oxalate monohydrate
stones (39% vs. 64%,
p <0.001).
Non-contrast helical CT
underestimates the
11 known total number of kidney
Bhojani et al. . revious 7 males, NCCT stones compared to
J[11] 2018 Prospective 1Z:alcium 48 (21-74) 4 females (helical) NA endoscopy (9,}.)2 +6.1vs.
oxalate SFs 5.9 £ 4.1, p <0.004) but
did not differ in total
stone burden.
Large stone burden,
proximal stone location,
and truncal obesity
302 SFs with NHCCT.KUB we;‘s aﬁsogat'ec.l with
Hadjipavlou single 195 males, awlli?ltelzeg K radia’;giof\rci?lrrlilrzllgn%RS
et .']al. [20] 2018 Retrospective cat!lcuius 56 (21-92) 107 females (29%) also NA Pre-stenting was
irllelarsar?cnee had at least associated with over
one X-ray 50% of the radiation

delivered during URS
(4.13 vs. 7.54 mGy,
respectively).
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Table 1. Cont.

Reference Year Study Population Age Gender Imaging Follow-Up Outcomes
113 and
122_3 patients 341+ 132 Stone recurrence was
with lower more common in SWL
pole renal 459 +14.7 US and X-ray months (28 vs. 17 patients
Ozgor et al. 2018 Retrospective stone (RIRS) 128 males, KUB twice (RIRS) _ 0 009). No ’
[29] P 48.6 =149 113 females per year. CT 324+ 85 p=0 ;
underwent differences for the
SWL and (SWL) annually months recurrent stone size
(SWL) .
RIRS, and recurrence period.
respectively
DT is not superior to
Sandhu et al 66 (including 36 males, 30 US, DT, and et kidney stoman b
andhu et al. . males, , , an of kidney stones but
[34] 2018 Prospective recurrent 442 (19-73) females NCCT NA still perfo};ms better in
SFs) . P
the identification of
ureteral stones.
The visceral fat ratio
300 patients was greater in patients
with upper with recurrent lithiasis
. urinary tract compared to first-time
Yamashita 00 pogospective  stones 59 (49-69) ~ 208males,  Pretreatment NA formers despite the fact
et al. [40] 98 females NCCT
(148 recur- that there were no
rent, 152 statistically significant
first-time) differences in BMI and
waist circumference.
280
(98 recurrent
Arda et al. . 88 pSrIi:I?r;ary ?;ci'i(illar?g/ NCCT Hig}ller pap.i llae HU
[10] 2019 Retrospective and 94 age- 37 (21-67, NA (helical) NA could predict stone
matched recurrent) recurrence.
control
participants)
A total of 32% of
patients (17) had stone
recurrence, and 13% (7)
required surgical
Routinely intervention. Mean
Canales et al. . 53 uric acid 35 males followed at 25 months time interval to stone
[13] 2019 Retrospective SFs 614 +11.7 18 female’s 6-month (15.8-47.5) recurrence was
intervals ’ ’ 16.8 £ 15.3 months.
with CT The 32% of patients
had CT-documented

stone recurrences over
the 2-year interval
regardless of therapy.
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Table 1. Cont.

Reference Year Study Population

Age

Gender Imaging Follow-Up

Outcomes

327,516
(active stone,
112,140 were

ted
operatively
and 215,376
were
managed
nonopera-
tively)
175,228
inactive
stone
patients and
502,744 age-
and gender-
matched
controls

Daietal. [6] 2019 Retrospective

18-65
(divided into
4 groups,
18-39, 4049,
50-59 and
60-65)

552,052

males,
453,436
females

3 years of
continuous
follow-up

Standard
dose CT

The 3-year cumulative
CT radiation (mean)
was 28.3 + 28.5 mSv for
operative patients and
22.0 + 24.4 mSv for
nonoperative patients.
For inactive stone
patients and controls,
exposure was
14.9 + 19.3 mSv and
2.4 £10.0 mSy,
respectively.
Surgical-treated
patients receive 9 to
12 times more CT scans
than age- and
sex-matched controls
during the 3-year
follow-up. Also, more
than 10% of them
exceeded occupational
risk thresholds in the
first year without
accounting for
exposure during

surgical procedures.

Iremashvili

etal. [22] 2019 Retrospective

498 SFs

53.6
(18.1-89.6)

CT (92%), US
(1.6%), X-ray
(6.4%)

4.8 years
(mean 4.6,
IOR 3.1-6.1)

260 males,
238 females

A total of 88 patients
(17.7%) were
symptomatic recurrent
SFs at 5-year follow-up,
requiring surgical
treatment. This
percentage increased to
25% by 8 years of
follow-up.
Symptomatic stone
(renal pelvis or lower
renal pole) and any
concurrent
non-obstructing,
asymptomatic stone
associated with the risk
of repeat surgery (HR
1.66 (1.09-2.52),
p=0.018 and 2.11
(1.36-3.26) p = 0.001,

respectively)

146 recurrent
SFs (of the
3985-3.7%)

Zeng et al.

[41] 2019 Retrospective

Males’ mean
394 +15.8
Females’
mean age
415+ 185

Ultrasound
assessment
of severity of
hy-
dronephro-
sis

100 males,

48 females 4 years

Minimally invasive
methods were mainly
used to treat the first
stone episode. The
main symptom of
recurrence was
associated with
infection (renal colic at
first episode).
Recurrences of lithiasis
occur mainly with a
lesser degree of
hydronephrosis.
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Table 1. Cont.

Reference Year Study Population Age Gender Imaging Follow-Up Outcomes
A total of 51.1% of
I . patients had stone
maging recurrence (prevalence
Abbassene 2020 Retrospective 1104 SFs 453 +£13.9 727 males, modalities Over 7 years  of males). Cystine was
etal. [9] 377 females are not
clarified the most recurrent
stone (27.3%
consanguinity).
A total of 23% of
69 SFs with patients (16 of 69) lf1ad
primary hy- X-ray KIéJB stone r}:ecur.rgnce after
] every parathyroidectomy,
Islam et al. 2020 Retrospective perpmjathy 57 + 14 31 males, months after 40+29 and 88% (14) needed
[23] roidism 38 females h years ical i .
(Parathy- parathy- surgical intervention.
roidectomny) roidectomy Younger patients are
Y high-risk for stone
recurrence.
A total of 15.5% of
patients (103)
X-ray KUB experienced surgical
and US at intervention (40.8%
) . 418 males, first month, URS, 56.3% SWL, and
Itoetal [24] 2021 Retrospective 664 SFs 60.0 +12.7 246 females followed by 31.1 months 2.9% PCNL). Stone
once every 6 burden > 20 mm and
months. RF > 4 mm were
predictive factors for
stone recurrence.
A total 26.7% of
US, X-ray patients requlred'
KUB and CT repeat surgery. Cystine
Lietal. [26] 2021 Retrospective 1051 SFs 5014151 ooomales i gan. 47 E25 and brushite SFs had
496 females - years the highest and the
dardized . .
second-highest risk for
plan .
surgical recurrence,
respectively.
Recurrence rate did not
differ between group 1
and group 2 (4.3% vs.
5.6%, p = 0.730,
group 1 — USand .
f173 SFs (78 group 1 — 40 males, 38 NCCT (for respect}vely). Elderly
Emiliani et al or group 1, 44 (27-79) females non-radio- patients were
© 2021 Retrospective  age <80 and Not clarified ~ controlled with longer
[16] group 2 — group 2 — opaque .
95 for group operative time and
5 81 (80-94) 45 males, stones) at oo
, age > 80 hospitalization than
50 females 1 year .
younger patients.
There was no difference
regarding
complications.
Patients with multiple
stones were more likely
- to be recurrent SFs and
79 patients .
. formed a higher
with .
. proportion of
multiple -
I non-calcium oxalate
same-sided 57 £ 13
Mancuso ureteric (multiple) 122 males, US, X-ray stones. Also, they were
2022 Retrospective ’ KUB, and Not clarified more likely to have
etal. [28] stones and 49+ 15 58 females
101 with (single) NCCT other procedures
sinole (except URS) such as
. PCNL. They
ureteric underwent NCCT and
stone

KUB 11.5 times more
frequently compared
with single ureteric SFs.
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Table 1. Cont.

Reference Study Population Age Gender Imaging Follow-Up Outcomes
Time to stone
recurrence was 29 + 32
months. Calcium
200 patients 49 + 15 oxalate monohydrate
(100 without ~ (overall) stone, family history of
Kavoussi . stone 47+15 101 males, 99  2tleast 96 + 38 stone disease and a
2023 Retrospective yearly stone > 6 mm in
etal. [25] recurrence (recurrence) females . . months . .
and 100 with 52 + 6 (non- imaging diameter associated
recurrence) recurrence) Wlth n.Sk of recurre nt
lithiasis. The surgical
method was not
associated with stone
recurrence.
49.34 4+ 15.59
65(22 1521:5 5 (j;’irallg o 1346 CT, US, KUB Recurrent SFs had
Chai et al. . . ’ ’ X-rays with higher overall
2023 Retrospective  pre-stenting (pre- males, 2233 NA s
[14] 3467 no stenting) females no standard- complications and
stenting) 4747 + 1‘2 94 ized settings residual fragments.

(no stenting)

Computed tomography (CT), digital tomosynthesis (DT), Hounsfield unit (HU), interquartile range (IQR), kidney-
ureter-bladder (KUB), multiple sclerosis (MS), medullary sponge kidney (MSK), non-contrast CT (NCCT),
percutaneous nephrolithotomy (PCNL), residual fragment (RF), retrograde intrarenal surgery (RIRS), shockwave
lithotripsy (SWL), stone formers (SFs), stone-free (SFr), ureteroscopy (URS), ultrasonography (US).

Recurrent stone formers: Imaging assessment and
endoscopic treatment strategies

o Records identified through Keywords
=) PubMed <h Nephrolith OR Kidney Calculus OR ROKS OR Kidney Stones
= ublMed sear OR Kidney Stone OR Urinary Caleuli OR Renal Caleuli AND
‘E (l‘l = 6155) Relapse OR Relapses OR Recurrences OR Recurrence OR
Pl Recurrent OR Repeat OR Retreatment OR Recrudescence OR
5 Recrudescences
=]
==
—
v v
Records screened
oL =
o (n=6155)
.-
=]
v
[
g
n Records excluded (n=5611)
_J - papers before 2014 (n=4125)
- not adults (n=1400)
M) v - not English written (n=61)
. - pregnant (n=14)
- Full-text art_lg.le,.c, . - abstract availability (n=11)
= assessed for eligibility
2 (n=544)
A .
s Full-text articles excluded (n =
510)
— - not relevant to review question
(n=313)
- case reports (n=151)
- reviews (n = 42)
T - surveys (n=1)
= v - guidelines (n=1)
E’ Studies included in qualitative synthesis (n =34) ||~ protocols (n =2)

Figure 1. A flow diagram of the study selection process.
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321.CT

CT scanning was reported in a total of 21 studies. In most cases, no specific protocol
was described beyond the standard practice of annual screening. Portis et al. re-examined
patients one month after ureteral stent removal with a CT scan [31]. Hein et al. used
low-dose CT only in symptomatic patients [21]. In contrast, Yamashita et al. used the
preoperative imaging (non-contrast CT (NCCT)) of patients as mandatory for inclusion
in their study [40]. Emiliani et al. recommended it only in patients with non-radiolucent
stones [16], while Iremashvili et al. used it almost exclusively (in 92% of cases) in imaging
in patients with urolithiasis [22]. Finally, CT was used as a predictive tool based on the
Hounsfield unit (HU) for renal papillary, vertebral bone mineral, and abdominal aorta
calcification [10,35,36].

3.2.2. X-ray KUB

KUB X-ray was reported in nine studies. In Islam et al.’s study, KUB radiography was
performed every six months after parathyroidectomy [23]. Ozgor et al. and Ito et al. also
applied it twice a year [24,29,30]. In contrast, the percentage of patients in the Iremashvilli
et al. study who underwent an X-ray was only 6.4% [22].

3.2.3.US

Nine studies mentioned renal US, and three reported its use to monitor SFs every
six months [24,29,30]. Sandhu et al. showed that US equals digital tomosynthesis (DT) in
assessing kidney stones [34]. Zeng et al. compared the degree of hydronephrosis in cases
of stone recurrence versus the first episode [41].

3.24.DT

Two studies report using DT in the follow-up of SFs [12,34]. The study by Cabrera
et al. highlights its effectiveness in monitoring patients with endonephric stones. While
data on the ureter are limited, it generally seems to underperform compared to CT [12].
However, in the context of ureteral lithiasis, Sandu et al. demonstrated the clear superiority
of DT over US [34].

3.3. Endoscopic Interventions

RIRS, URS, and PCNL are reported in 24 articles [6,11,14-22,24-26,28-32,37-41].
Table 2 summarizes the studies referring to surgical interventions in general.

Table 2. Studies on referenced endoscopic procedures.

Reference  Year Study Population Age Gender Interventions  Follow-Up Outcomes
Stone recurrence in
15 patients (34.1%). A
as (r;rto?c?rr}a,tic Group 1 total of 11 needed
44 patients O{ Slgr 441 + (18 males, interventional therapy
Ozgor et al. 2014 Retrospective (residual 13.4 ’ 11 females) RIRS 30.5 + 8.809 (5RIRS, 2 SWL, 3 URS,
[30] P fragments < ) Group 2 months and 1 PCNL) Size and
Group 2, X
5 mm) svmptomatic (9 males, number of residual
y38p+ 19.9 6 females) stones were not

associated with
recurrence.
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Table 2. Cont.

Reference

Year Study

Population

Age

Gender

Interventions

Follow-Up

Outcomes

Rule et al.
[33]

2014 Retrospective

2239
first-time
symptomatic
SFs

42 (32-54) 41
(31,51.0) in
symptomatic
recurrence
patients

1399 males,
840 females

Surgery
documented
in 33% of
patients. No
surgical
intervention
was included
in the final
nomogram.

11.2 years

Surgery was weakly
associated with a
decreased risk of

symptomatic
recurrence but could
not discriminate high-
from low-risk patients.
Prior incidental
(asymptomatic) stone
and >2 stones on
imaging were risk
factors for recurrence
(unadjusted HRs = 1.53
(p =0.004) and 1.72
(p <0.001),
respectively).
Symptomatic
recurrence rates at 2, 5,
10, and 15 years were
llo/o, 200/0, 310/0, and
39%, respectively.

Evan et al.
[18]

2015 Retrospective

12 recurrent
SFs with
medullary
sponge
kidney

46.8 (36-66)

4 males, 8
females

PCNL with

papillary
biopsy

NA

The osteogenic theory
was not supported.
Urinary stasis could
explain the
pathophysiology of
stone recurrence.
Biopsy is not of value
in the clinical
management of
patients with MSK.

Portis et al.

[31]

2015 Retrospective

218 first time
SFs (burden
<1.5cm)

515+15

124
consecutive
procedures

in males and
102 in
females

Rigid
ureteroscopy
(below the
iliac vessels)
flexible
ureteroscopy
(in the
upper tract)

4.1 years (in-

terquartile
range,
3.5-4.8)

A total of 19 patients
(8.7%) needed repeat
surgery
(14 ureteroscopy and
5PCNL). Total stone
burden was associated
with repeat surgery.
Postoperative CT did
not play a role in the
need for reoperation.
Cumulative repeat
surgery rate was 5.8%
and 8.6% at 1 and
5 years, respectively. A
total of 26% of patients
with fragments >2 to
4 mm and 46% of
patients with fragments
>4 mm needed
reoperation.

Hein et al.
[21]

2016 Retrospective

85 SFr
patients
(included
those
with small
fragments <
1 mm)

49.8 (17-80)

68 males,
17 females

RIRS

59 months
(31-69)

Stone recurrence in
26 patients (30.1%).
SWL in 6 patients,
medical treatment in
5 patients, RIRS in 9,
and multiple in 6.
Residual fragments are
an important predictor
for ipsilateral stone
recurrence both in high-
and low-risk patients.
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Reference  Year Study Population Age Gender Interventions  Follow-Up Outcomes
13 patients Recurrent SFs had
(100% higher total scores
recurrent 46 (42-52, RIRS with (papillary mapping).
Cohen . SFs, center 1) center 1) 42 males, 34 complete The scoring system
etal. [15] 2017 Prospective 63 patients 51 (41-63, females papirl)lary NA during endogco};)y may
(54.2% center 2) mapping have clinical usefulness
recurrent for adapting specific
SFs, center 2) treatment strategies.
MS patients more likely
to have undergone a
PCNL (25% vs. 12%,
181 recurrent p = 0.005) with a higher
s SFs (61 53.7 proportion of struvite
patients with ~ 53.7 (47.0-61.3, (47.0-61.3, URS, PCNL and calcium phosphate
Ganesan 2017 Retrospective MS No MS) No MS) SWL C s—/ 39 (1.5-7.7) and stones (8% vs. 3%,
etal. [19] P compared  53.2 (47.0-58.1, 53.2 ol years p=0.03 and 42% vs.
with 120 MS) (47.0-58.1, olthopaxy 15%, p < 0.001,
matched MS) respectively). Less
controls) likely to have calcium
oxalate monohydrate
stones (39% vs. 64%,
p <0.001).
A total of 19 patients
89 patients 83% required (21%) had stone
L with 55 (39.5-70.5) surgical recurrence with a
omas 2017 Retrospective =~ ammonium at stone 38 males, intervention 4.9 years median time to
etal. [27] P ! ; 17 females ' (IQR 1.8-8.5),
acid urate formation (not clarified recurrence of
stones the method) 22 months (IQR
10.5-42).
. Brushite SFs had a
Prior stone . o
higher incidence of
surgery as 12.2 years ior st "
20 brushite 48 (38-58, SWL,PCNL  (10.0-17.4,  priorsionesas Wf as
Rivera SFs matched brushite) 57 males or URS in brushite) in ter\gg;(iirosr?rillcsz the
2017 Retrospective with 47 (40-56, g 60% and 33% 13.5 years - s ey
etal. [32] 60 calci i 23 females £ brushi ’ had a higher stone
calcium calcium of brushite (10.4-17.0, o
. . recurrence rate (80% vs.
oxalate SFs oxalate) and calcium calcium o ith
oxalate SFs, oxalate) 42%, p = 0.' 003.) without
respectively changing in the
CKD stage.
Cystine SFs had a
greater number of
surgical interventions
compared to
12 cystine non-cystine formers
matched 50.6 £16.7 (85+£9.1vs. 29 +3.1).
Streeper 2017 Retrospective with 12 (cystine) 6 males, URS, PCNL, 5 vears 62% of cystine formers
etal. [37] P i 53.5 +16.8 18 females SWL Y underwent PCNL,
rrelglr;fg’r?tlglss (non cystine) whereas the percentage
of non-cystine patients
was 15%. Similarly, for
ureteroscopy, the
percentages were 100%
vs. 54%.
NCCT (helical)
underestimated the
11 known total number of kidney
Bhojani . revious 7 males, stones compared to
et al.] [11] 2018 Prospective IZalcium 48 (21-74) 4 females RIRS NA endoscopy (9.}; +6.1vs.

oxalate SFs

5.9 £ 4.1, p <0.004) but
did not differ in total
stone burden.
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Reference  Year Study Population Age Gender Interventions  Follow-Up Outcomes

Large stone burden,
proximal stone location,
and truncal obesity
were associated with

302 SFs with . R
. single hlgher lonizing
Hadjipavlou 2018 Retrospective calculus 56 (21-92) 195 males, URS NA radiation dgrmg URS.
etal. [20] . 107 females Pre-stenting was
until stone i i
clearance associated w1th over
50% of the radiation
delivered during URS
(4.13 vs. 7.54 mGy,
respectively).
113 and 128 Stone recurrence was
patients with 34.1+13.2 more common in SWL
lower pole 459 +£14.7 months (28 vs. 17 patients
Ozgor et al. . renal stone (RIRS) 128 males, (RIRS) ) ’
ol 2018 Retrospective | \qorwent 486+ 149 113 females RIRS 324+ 85 v 0'009)% No.
SWL and (SWL) months differences for t. N
RIRS, (SWL) recurrent stone sge
. and recurrence period.
respectively
A total of 2/3 of
patients form bilateral
stones which correlated
with higher median
Usavyachin— . 42 rgcurrent 45.5 (IQR: 20 males, PCNL, URS, 8.8 years number of lifetime URS
tachitetal. 2018 Retrospective cystine stone 28-63) 29 females SWL, open (0.9213.6) compared with
[38] patients surgery ’ ' unilateral SFs (2 vs. 1
session, p < 0.05). There
was no significant
difference for PCNL
(p =0.55).
The visceral fat ratio
300 patients was greater in patients
with upper with recurrent lithiasis
. urinary tract compared to first-time
Yamashita 510 popspective  stones (148 59 (49-69) 208 males, 98 PCNL, URS, NA formers despite the fact
et al. [40] females SWL
recurrent, that there were no
152 statistically significant
first-time) differences in BMI and
waist circumference.
A total of 32% of
patients (17) had stone
recurrence, and 13% (7)
required surgical
intervention. Mean
L time interval to stone
e?i?a[lle :] 2019 Retrospective >3 ug;saad 614 +117 3552?;’5 18 Not clarified (215 5%1?:;2:; recurrence was
T : : 16.8 + 15.3 months.
The 32% of patients
had CT-documented

stone recurrences over
the 2-year interval
regardless of therapy.
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Reference

Year Study Population

Age Gender

Interventions

Follow-Up

Outcomes

Dai et al.
[6]

327,516
(active stone,
112,140 were

ted
operatively
and 215,376
were
managed
nonopera-
tively)
175,228
inactive
stone
patients and
502,744 age-
and gender-
matched
controls

2019 Retrospective

18-65 (divided
into 4 groups,
18-39, 4049,

50-59 and
60-65)

552,052

males,
453,436
females

PCNL, URS,
SWL

3 years of
continuous
follow-up

The 3-year cumulative
CT radiation (mean)
was 28.3 + 28.5 mSv for
operative patients and
22.0 + 24.4 mSv for
nonoperative patients.
For inactive stone
patients and controls,
exposure was
14.9 + 19.3 mSv and
2.4 £10.0 mSy,
respectively.
Surgical-treated
patients receive
9 to 12 times more CT
scans than age- and
sex-matched controls
during the 3-year
follow-up. Also, more
than 10% of them
exceeded occupational
risk thresholds in the
first year without
accounting for
exposure during
surgical procedures.

Iremashvili
etal. [22]

2019 Retrospective 498 SFs

260 males,

53.6 (18.1-89.6)  sag i les

PCNL
(12.2%),
Ureteroscopy
(83.5%), SWL
(4.2%)

4.8 years
(mean 4.6,
IOR 3.1-6.1)

A total of 88 patients
(17.7%) were
symptomatic recurrent
SFs at 5-year follow-up,
requiring surgical
treatment. This
percentage increased to
25% by 8 years of
follow-up.
Symptomatic stone
(renal pelvis or lower
renal pole) and any
concurrent
non-obstructing,
asymptomatic stone
associated with the risk
of repeat surgery (HR
1.66 (1.09-2.52),
p=0.018 and 2.11
(1.36-3.26) p = 0.001,
respectively).

Zeng et al.
(41]

146 recurrent
SFs (of the
3985-3.7%)

2019 Retrospective

Males” mean
394+ 158
Females’ mean
age41.5 + 185

100 males,
48 females

PCNL (65
cases) SWL
(22 cases),
super-mini
PCNL
(20 cases),
open surgery
(four cases)
and
ureteroscopy
(one case).

4 years

Minimally invasive
methods were mainly
used to treat the first
stone episode. The
main symptom of
recurrence was
associated with
infection (renal colic at
first episode).
Recurrences of lithiasis
occur mainly with a
lesser degree of
hydronephrosis.
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Reference  Year Study Population

Age

Gender

Interventions  Follow-Up

Outcomes

Abbassene

etal. [9] 1104 SFs

2020 Retrospective

453 £13.9

727 males,
377 females

Conventional
surgery
(19.7%)

endourology
or SWL
(15.5%)

Over 7 years

A total of 51.1% of
patients had stone
recurrence (prevalence
of males). Cystine was
the most recurrent
stone (27.3%
consanguinity).

Evan et al 8 uric acid
[17] " 2020 Retrospective SFs
(6 recurrent)

455 (37-67)

8 males

PCNL
(Papillary
mapping

and biopsy)

NA

Renal papillae plaques
and plugging did not
correlate with patients’
prior episodes of
symptomatic lithiasis
(very small number
of cases).

69 SFs with
primary hy-
perparathy-
roidism
(Parathy-
roidectomy)

Islam et al.

23] 2020 Retrospective

57 £ 14

31 males, 38
females

40+£29
years

Not clarified

A total of 23% of
patients (16 of 69) had
stone recurrence after

parathyroidectomy,
and 88% (14) needed
surgical intervention.
Younger patients are
high-risk for stone
recurrence.

Ito et al.

[24] 2021 Retrospective 664 SFs

60.0 +12.7

418 males,
246 females

RIRS 31.1 months

A total of 15.5% of
patients (103)
experienced surgical
intervention (40.8%
URS, 56.3% SWL, and
2.9% PCNL). Stone
burden > 20 mm, and
RF > 4 mm were
predictive factors for
stone recurrence.

Lietal.

[26] 2021 Retrospective 1051 SFs

59.1 £15.1

555 males,
496 females

URS, PCNL,

SWL 47 +25

A total of 26.7% of
patients required
repeat surgery. Cystine
and brushite SFs had
the highest and the
second-highest risk for
surgical recurrence,
respectively.

173 SFs (78
for group 1,
age < 80 and
95 for group
2,age> 80

Emiliani

etal. [16] 2021 Retrospective

group 1 — 44
(27-79)
group 2 — 81
(80-94)

group 1 —
40 males, 38
females
group 2 —
45 males, 50
females

RIRS Not clarified

Recurrence rate did not
differ between group 1
and group 2 (4.3% vs.
5.6%, p =0.730,
respectively). Elderly
patients were
controlled with longer
operative time and
hospitalization than
younger patients.

There was no difference

regarding
complications.
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Reference  Year Study Population Age Gender Interventions  Follow-Up Outcomes
Patients with multiple
stones were more likely
. to be recurrent SFs and
79 patients ;
. formed a higher
with .
. proportion of
multiple i
b non-calcium oxalate
same-sided 57 £ 13
Mancuso ureteric (multiple) 122 males, 58 stones. Also, they were
2022 Retrospective ’ SWL, URS Not clarified more likely to have
etal. [28] stones and 49 + 15 females h
101 with (single) other procedures
ol (except URS) such as
usretgerjc PCNL. They
tom underwent NCCT and
stone KUB 11.5 times more
frequently compared
with single ureteric SFs.
Time to stone
recurrence was
29 + 32 months.
Calcium oxalate
200 patients 49 + 15 monohydrate stone,
(100 without (overall) family history of stone
Kavoussi 2023 Retrospective stone 47 + 15 101 males, URS, PCNL, 96 + 38 disease, and a stone
etal. [25] P recurrence (recurrence) 99 females SWL months > 6 mm in diameter
and 100 with 52 + 6 (non- were associated with
recurrence) recurrence) the risk of recurrent
lithiasis. The surgical
method was not
associated with
stone recurrence.
49.34 + 15.59
6579 (3112 (overall) Recurrent SFs had
Chai et al. . pre-stenting 51.44 £+ 16.01 4346 males, higher overall
[14] 2023 Retrospective 3467 no (pre-stenting) 2233 females RIRS NA complications and
stenting) 47.47 £ 14.94 residual fragments.
(no stenting)
A total of
23,012 patients (4.1%)
underwent a second
Open surgical intervention
556,217 surgery (incidence rate of 14.9
. . 356,532 A
Wang et al patients with males (8.6%), 2.7 years per 1000 person-years).
" 2024 Retrospective upper 499 +13.1 4 SWL (8.4%), : Hazard ratios for SWL,
[39] . 199,685 o (IQR 1.5-4.0) .
urinary tract females URS (53.4%), ureteroscopic
stone and PCNL lithotripsy, and PCNL
(29.6%) were 1.59 (1.49-1.70),
1.38 (1.31-1.45), and
1.11 (1.06-1.18),
respectively.
3.3.1. RIRS

Nine studies report RIRS as the only or one of the interventions for SFs [11,14-16,21,24,29-31].
In three, RIRS was the preferred surgical treatment [21,30,31]. Cohen et al. performed
complete papillary mapping through RIRS to develop specific therapy strategies [15]. Ozgor
et al. showed the method’s superiority over shockwave lithotripsy (SWL) for recurrent
SFs [29]. Ito et al. found that residual fragments (RFs) > 4 mm after RIRS favor lithiasis
recurrence [24]. Emiliani et al. showed the safety and efficacy of the surgery in elderly
patients with a mean age of 81 [16].

3.3.2. URS

URS was reported in 12 studies [6,19,20,22,25,28,31,32,37-40]. The study by Usawach-
intachit et al. showed that SFs undergoing URS due to bilateral stones are more likely to
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have repeat surgery [38]. Similarly, the large-scale study by Wang et al. among 556,217 participants
showed that the HR for reoperation was 1.38 (1.31-1.45) [39].

3.3.3. PCNL

Twelve studies included PCNL as a subject of analysis or as an intervention noted
by the patient’s history [6,17-19,22,25,32,37-41]. Two studies by Evan et al. used PCNL to
perform papillary mapping and biopsy without resulting in data that would help in the
clinical management of recurrent SFs [17,18]. Ganesan et al. found that recurrent SFs with
multiple sclerosis (MS) were more likely to undergo PCNL than those without (25 vs. 12%,
p =0.005) [19]. Usawachintachit et al. found that the recurrence rates of SFs undergoing
PCNL did not differ between those with a unilateral stone and those with a bilateral
stone [38]. Wang et al. showed that PCNL had the lowest HR relative to re-intervention
(HR =1.11, 1.06-1.18) [39].

4. Discussion

Urolithiasis is a very heterogeneous disease. There is a lack of comparative prospective
studies between different imaging modalities of follow-up regarding the time intervals
of the imaging needed and the modality of the initial surgical or conservative treatment.
Most of the studies in this review were retrospective, with different aims, and a clear
strategic plan for follow-up imaging cannot be determined. Moreover, they were not
focused on the surgical treatment of recurrent SFs but rather on the metabolic profile and
the medical treatment of the disease. An X-ray KUB and US are mostly suggested for
follow-up, considering the stone composition, less radiation, financial burden, and the
urologist’s preferences [42]. A recent systematic review trying to create an algorithm for
follow-up for patients suffering from stone disease suggested that NCCT is preferred only
in patients presenting with symptoms or undergoing an intervention [43]. A performed
CT, however, according to others, was not an independent factor and did not contribute
to the decision of reoperation during the follow-up [31]. Another study implied that the
recurrence of the stone disease was milder, and the patients presenting with recurrence
had less hydronephrosis than the first episode [41]. All this evidence seemed to be even
more critical when CT scans were overused in patient follow-up since SFs were already
exposed to significantly more radiation in comparison to non-stone patients or patients
with inactive stone diseases from CT scans without even considering the intraoperative
radiation. On average, active SFs received nearly ten times as many CTs as controls at three
years (p < 0.001). The same study calculated that after one year of follow-up, an estimated
10.4% of operative SFs and 9.3% of nonoperative stone patients received 20-50 mSv in
CT-related radiation, compared to 4.7% of inactive stone patients and 1.1% of controls
(p < 0.001) [6]. Total stone burden and number were also independent factors that are
associated not only with increased radiation during ureteroscopic management (stones
with a diameter greater than 10 mm were associated with 37% higher radiation exposure
compared to smaller stones (9.1 vs. 6.6 mGy, p < 0.001)), but also these patients are prone
to undergoing NCCT and KUB 11.5 times more frequently compared to patients with low
burden or having a single stone [20,28]. These facts could lead to the preference for the
easily accessible and cost-efficient use of US as a first-line option for diagnosing stone
disease in specific groups of patients. Ultrasound has a relatively low sensitivity of 45% but
a high specificity of 94% for ureteral stones and the same sensitivity of 45% and a slightly
lower specificity of 88% for renal stones [44]. A study also showed that patients initially
assessed in the US did not have significant differences in hospital admissions, re-visits,
pain, or high-risk adverse events without the CT field’s radiation exposure [45].

It is, therefore, of great importance to identify the patients at high risk of recurrence
and attempt an individualized approach to treatment and follow-up so the morbidity
of excessive radiation exposure and the number of reoperations can be reduced to the
minimum amounts possible. Different studies included some factors and characteristics of
either the patient or the stone that have some predictive value regarding the recurrence
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rate of the disease. The preoperative stone burden was one of them. However, a specific
size or the number of stones cannot be defined within the studies, with the maximum stone
size ranging from >7 mm to >2 cm being an independent and significant variable regarding
the recurrence [24,25,28,30]. Stone composition is also an essential factor. Calcium oxalate
stones were the most common and mixed with varying amounts of calcium phosphate.
They comprised 80% of kidney stones [46]. However, other less common crystals, as
seen from various studies, such as uric acid stones, calcium phosphate, struvite stones,
ammonium acid urate stones, brushite, and cystine stones, seemed to be a predisposition
for recurrent lithiasis and were more likely to re-emerge but also led to repeated surgical
management [9,13,26,27,32,33,37]. A study also showed that symptomatic renal colic on
the first episode with a stone in either the pelvis or lower calyx was a significant factor
for reoperation with HR 1.66 (1.09-2.52). The same applied to any concurrent asymp-
tomatic (non-obstructing) stone with HR 2.11 (1.36-3.26) [22]. Similar results regarding the
recurrence and not the reoperation rate were found in another study, where concurrent
asymptomatic or symptomatic stones in the pelvis or lower pole and a suspected previous
renal colic were significant factors [33]. Some other variables regarding the patients such as
younger age, male sex, various metabolic disorders (hyperlipidemia, obesity, etc.), family
history, and previous interventions were all significant factors for recurrence [24,25,33,41].
In some specific occasions, such as multiple sclerosis, the time and method of bladder
catheterization and the correct treatment of urinary tract infections were essential factors
of stone recurrence [19]. The medullary sponge kidney alone was also an independent
factor [18]. Finally, 25% of patients with primary hyperparathyroidism and nephrolithiasis
who underwent successful parathyroidectomy presented with recurrent episodes inde-
pendently of the normalization of serum calcium [23]. In those patients, it was, therefore,
crucial to ensure the maximum stone-free (SFr) rate because even small residual fragments
<1 mm, according to a study, increased the risk of a stone-related episode on the ipsilateral
side (HR 2.823 CI (1.16, 6.85)) [21]. Another study also showed that residual fragments,
especially those over 4 mm, seemed to increase the risk for stone-related episodes (HR 1.10
CI (1.05-1.17)) and that of future surgical re-interventions (HR 1.1 CI (1.05-1.17)) [24]. In
one study, for stones from one to two cm, using flexible URS compared to SWL showed
a reduced rate of residual fragments in favor of F-URS. This factor could reduce the re-
currence and the reoperation ratio in high-risk patients [29]. Furthermore, pre-stenting
patients with stones >1 cm were vital. Although it increased the cost of the initial operation
by about six times and the amount of radiation by about 50%, it ultimately reduced the re-
currence rate and contributed to reducing the overall financial and radiation burden [7,20].
Finally, according to a study, PCNL seems to have the lowest HR regarding re-intervention
compared to SWL and URS. However, the study was retrospective, and the design was not
a head-to-head comparison of the modalities [39].

One of the critical necessities regarding the individualized treatment of SFs is de-
veloping a reliable tool to predict the recurrence of lithiasis. Rule et al. introduced the
recurrence of kidney stone (ROKS) prediction tool in 2014 [33]. This nomogram consisted of
13 questions, and the final result predicted recurrence at two, five years, and ten years. The
initial nomogram addressed first-time SFs. In 2018, Vaughan et al. revised the nomogram
by having 16 questions to allow for the prediction of the recurrence of lithiasis in patients
with prior episodes [47]. Nevertheless, Iremashvili et al. showed that the ROKS nomogram
had little clinical significance in their cohort among first-time SFs as they demonstrated
limited calibration and discrimination (AUC = 0.655 and 0.605 for two years and five years
recurrence, respectively), highlighting the need for a more accurate calculator [22]. On the
other hand, the survey, including 261 experts in lithiasis, showed that their assessment of
the recurrence of lithiasis differed from the ROKS nomogram [48]. Further disagreements
existed between clinicians, and there was a tendency to avoid adopting calculators for
individualized patient management [48]. Recently, the cohort of Kavoussi et al. showed
relatively satisfactory performance of the ROKS nomogram on the recurrence of lithiasis
at 2 and 5 years (ROC-AUC 0.67 and 0.63, respectively) [25]. In the future, a more precise
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calculator should be developed to estimate each patient’s recurrence risk and the potential
radiation burden.

Although the literature search was systematic, several limitations exist. Most studies
were retrospective and poorly designed. In addition, the data were not quantitatively
analyzed. Furthermore, it needed to be more evident among the studies whether the
recurrence was de novo or the progress of residual fragments, as there is no clear definition
of SFR status. Some define it as no fragments postoperatively evaluated by the surgeon
or radiologically. At the same time, the EAU guidelines” consensus considers residual
fragments < 4 mm as relatively insignificant as only one-third will eventually need a re-
intervention [42]. Furthermore, the populations were remarkably heterogeneous concerning
imaging modalities and the endoscopic management of recurrent SFs. Thus, the findings’
validity, reliability, and generalizability are significantly affected. We did not perform a risk
of bias or a study quality assessment. Finally, a group of studies were conducted during
the COVID-19 pandemic, which may have influenced their methodology and outcomes.
Nevertheless, researchers failed to demonstrate significant differences in diagnostic and
treatment strategies [49].

5. Conclusions

Urolithiasis is a complex and heterogeneous disease, and a specific algorithm for
follow-up is not yet available. Patients with recurrent urinary tract lithiasis pose a unique
challenge, both medically and economically. Urologists should consider the different
aspects of the disease and individualize the imaging strategy and the required treat-
ments/interventions for each patient separately. Pre-stenting is not to be avoided, es-
pecially in high-risk patients, and the modality chosen for treatment should aim at an
SFr wherever possible. Clinicians also should not overuse CT scans in clinical practice
and weigh the co-morbidity of radiation, especially in high-risk young patients, so that
cumulative radiation exposure can be mediated. Treatment and follow-up plans should be
holistic, aiming to apply appropriate imaging and surgical techniques. The lack of prospec-
tive comparative studies between different imaging modalities regarding the detection of
clinically significant stones and the comparison of different interventional modalities at
the initial treatment of recurrent SFs leaves plenty of space in this field of medicine for
future research.
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