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Abstract

Introduction To systematically review the definitions, diagnostic modalities, incidence, predictive factors, and management
strategies of Steinstrasse (SS), following extracorporeal shock wave lithotripsy (ESWL) and endourological procedures.
Methods A comprehensive literature search was conducted in accordance with the PRISMA guidelines across PubMed,
Scopus, and Embase, identifying randomized controlled trials, prospective and retrospective observational studies, and case
series published between 1986 and May 2025.

Results Forty-two studies met the inclusion criteria. The reported incidence of SS varied ranged from 1% to 23%, depending
on initial stone burden, location, and treatment modality. Historical classifications, such as that proposed by Coptcoat et al.,
remain the most adopted linking SS morphology to clinical management. Diagnostic methods have evolved over time, from
plain abdominal radiography (KUB) to non-contrast computed tomography (NCCT). Conservative management achieved
spontaneous clearance in nearly half of reported cases, whereas ureterorenoscopy represents the treatment of choice in the
remaining persistent cases. Recent technological advances in flexible Ureterorenoscopy (FURS), laser systems, and the use
of flexible aspirating navigable ureteral access sheaths (FANS) have drawn attention to the accumulation of fine residual
fragments (<4 mm) and dust, potentially leading to SS-like conditions.

Conclusions Although SS has been traditionally associated with ESWL, its occurrence following FURS is an emerging
concern. The present review highlights the importance of early recognition, standardized definitions, and individualized
management strategies to optimize outcomes in both ESWL- and endoscopy-related SS.
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US Ultrasound

HU Hounsfield units

RoB Risk of bias

RCT Randomized controlled trial

PNS Percutaneous nephrostomy

EAU European association of urology

PRISMA Preferred reporting items for systematic
reviews and meta-analyses

PROSPERO International prospective register of ongo-
ing systematic reviews

Introduction

The global incidence of urolithiasis has risen markedly over
the past decade, driven by metabolic disorders, environ-
mental factors, and an aging population [1-3]. Current esti-
mates indicate that the prevalence of kidney stones ranges
between 5% and 10% in both the United States and Europe.
Moreover, up to 50% of patients with urinary stone disease
are expected to experience at least one recurrent episode
during their lifetime [4]. Consequently, urolithiasis repre-
sents a major source of morbidity and a growing healthcare
burden worldwide.

Interventional options for the treatment of urinary stones
include flexible ureteroscopy (FURS), percutaneous neph-
rolithotomy (PCNL), and extracorporeal shock wave litho-
tripsy (ESWL) [5]. FURS and PCNL are minimally invasive
surgical approaches that typically require anaesthesia,
whereas ESWL remains the only non-invasive therapeutic
modality for urinary stone treatment, apart from conserva-
tive management and expulsive therapy [6].

The success of ESWL depends on complete stone clear-
ance, which in turn relies on the fragmentation and spon-
taneous passage of fragmented calculi through the urinary
tract [7, 8]. One of the most concerning complications of
ESWL is obstructive uropathy caused by acute ureteral
obstruction due to stone fragments [9]. When multiple frag-
ments align and obstruct the ureter, this condition is termed
Steinstrasse (SS) [10]. Despite continuous technological
improvements in shock wave lithotripters, SS remains a
clinically significant challenge, as it may lead to obstructive
uropathy, renal function loss, pain, superimposed infection,
Or even urosepsis.

In recent decades, significant technological innovation
has been directed toward improving stone-free rates (SFRs)
through enhanced endoscopic performance. Advances such
as the development of flexible aspirating navigable ure-
teral access sheaths (FANS) and aspirating flexible instru-
ments have expanded the indications for FURS, enabling
the effective treatment of increasingly larger stone burdens
[11]. Concurrently, the widespread adoption of novel laser
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systems—particularly the thulium fiber laser (TFL) and
pulsed thulium: yttrium—aluminium—garnet (p-Tm: YAQG)
laser—has facilitated efficient “dusting” lithotripsy [12].
The interaction between these energy sources and calculi
produces large quantities of fine stone fragments and dust.
However, if these particles are retained within the ureter,
they may lead to partial obstruction or SS-like conditions
[13].

A major limitation in the existing literature on SS is
the absence of a universally accepted definition, resulting
in substantial variability in reported incidence, diagnos-
tic criteria, and management approaches. This systematic
review aims to clarify these inconsistencies by summariz-
ing existing definitions and evaluating their clinical implica-
tions across both endoscopic and extracorporeal lithotripsy
procedures.

Methods
Research strategy

This systematic review was conducted according to the
principles outlined by the European Association of Urology
(EAU) Guidelines Office and the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA)
recommendation [14, 15]. The protocol was registered in
the International Prospective Register of Ongoing System-
atic Reviews (PROSPERO) database (registration number
CRD42024621052). A comprehensive electronic litera-
ture search was conducted using the Scopus, Embase, and
Medline/PubMed up to 31 May 2025. The search strategy
followed predefined inclusion criteria and combined the fol-
lowing terms using Boolean operators: (“steinstrasse” OR
“sandstrasse” OR “stein street” OR “stone street”) AND
(“urolithiasis” OR “kidney stones” OR “renal calculi” OR
“ureteral calculi” OR “urinary calculi” OR “stones” OR
“calculi”). A detailed overview of the search strategy is pro-
vided in the Supplementary Materials (Appendix 1).

Inclusion and exclusion criteria

Study selection was performed according to the PICOS
framework: Population (P), Interventions (I), Comparator
(C), Outcome (0O), and Study design (S). They were set as
follows: Population—patients presenting SS; Intervention—
ESWL or endourological procedures, including PCNL and
retrograde ureteroscopy (URS); Comparator— none; Out-
come—assessment of the definition of SS, its relationship
with urolithiasis treatments, the methods for diagnosis and
management; and Study—prospective studies (RCTs and
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prospective observational studies) and retrospective studies
(Observational studies).

No restriction was applied to the number of patients
included in the studies. The initial screening was indepen-
dently performed by three investigators (F.Z., A.Q., G. R.)
based on the titles and abstracts of the article to identify
potentially eligible reports. Only English-language articles
were assessed for inclusion. No restriction on the publica-
tion date was applied. Reviews, meta-analyses, editorials,
commentaries, authors’ replies, meeting abstracts of unpub-
lished studies, and case reports were excluded. The refer-
ence section of each article was checked to avoid omitting
relevant articles. Potentially relevant studies were subjected
to a full-text review, and the relevance of the reports was
confirmed after the data extraction process. Duplicate stud-
ies from the same research groups were excluded, retain-
ing the most recent fulfilling the selection criteria and the
most recent ones; however, if they fulfilled the selection
criteria and provided additional information on outcomes of
interest, they were retained for these outcomes only. Dis-
agreements were resolved by consultation with the senior
co-authors (S.D., O.T., F.P.).

Data extraction

Data on study, patient, and treatment characteristics were
independently extracted by three authors (H.W., L.M.L.J.
and A.B.). The following variables were collected from
the included studies: first author, year of publication, study
design, number of patients, definition and incidence of SS,
stone characteristics (location, size, Hounsfield Units),
treatment modalities (semirigid ureteroscopy, FURS, re-
ESWL), treatment parameters (ESWL energy and fre-
quency, number of shock waves, number of eswl sessions,
type of lithtotripter used, PCNL energy used, FURS type of
energy applied and laser settings), imaging modality used
for diagnosis, SS length and location, reported outcomes
such as SS clearance, SFR, and complications related to SS
management.

Risk of bias (RoB) assessment

Two reviewers (S.M. and S.D.) independently assessed
the methodological quality of included studies. The risk of
bias (RoB) for non-randomized studies was assessed using
the ROBINS-I tool [16], with each domain and the overall
risk categorized as “low,” “moderate,” “serious,” or “criti-
cal”. For Randomized Controlled Trials (RCTs), the RoB
was evaluated using the ROBINS-II tool [17], and classi-
fied as “low”, “some concerns”, or “high”. In the case
of prospective and retrospective single-arm studies, RoB
assessment followed the European Association of Urology

EEINTY

(EAU) guidelines for systematic reviews of case series,
with studies judged as having either “low” or “high” risk.
Potential confounders were identified by consensus between
the two reviewers based on the existing literature. Any dis-
crepancies were resolved through discussion with senior co-
authors (S.D., O.T., F.P.).

Evidence synthesis
Study selection and characteristics

The study selection process is illustrated in the PRISMA
flowchart (Fig. 1). A total of 1,173 records were initially
identified. After screening, 479 full-text articles were
assessed for eligibility, of which 42 studies met the inclu-
sion criteria. These comprised RCTs, non-RCTs, single-arm
case series published between 1986 and 2025. The remain-
ing 437 full-text articles were excluded as out of scope.

Risk of bias

Quality and RoB assessments are summarized in Supple-
mentary Table 1 (RCTs), Supplementary Table 2 (non-ran-
domized studies of interventions), and Supplementary Table
3 (single-arm studies). Among RCTs, RoB assessment iden-
tified at least some concerns in 7 of 8 RCTs, while only one
trial judged to be at low risk of bias. Among non-random-
ized studies, 4 out of 9 were considered to have low RoB,
whereas the remaining 5 were judged to have a moderate
RoB. Most single-arm studies (20/25) were classified as
having high RoB, primarily because of limited standardiza-
tion of SS definitions and incomplete outcome reporting.

Definition and historical perspectives of
Steinstrasse

Table 1 Historical definitions of the SS phenomenon after
ESWL, including study characteristics, SS definitions, inci-
dence rates, management approaches, and outcomes.

SS - a German term meaning “stone street” - was first
described in 1986 as a post-ESWL phenomenon in which
fragmented stone particles align within the ureter, poten-
tially leading to urinary obstruction [18] (Table 1). The
“Complicated” form of SS was initially defined as the accu-
mulation of stone fragments causing obstruction, loin pain,
progressive proximal ureteral dilatation, with or without
superimposed infection. In such cases, decompression of
the collecting system by percutaneous nephrostomy (PNS)
is mandatory to relieve obstruction and control infection. If
fragments are not spontaneously cleared by the urinary sys-
tem, semirigid and FURS — rarely PCNL and anterograde
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clearance.

Coptcoat et al. subsequently proposed a classification
system dividing SS into three groups according to presenta-
tion and obstruction severity (Fig. 2.) [19]. Group 1 included
asymptomatic patients managed expectantly to allow spon-
taneous passage of fragments. Group 2 included patients
presenting with colicky pain without proximal ureteral
dilatation, in whom antibiotic therapy was recommended
to allow safe observation. Group 3 included symptomatic
patients presenting with hydronephrosis or fever, in whom
immediate PNS placement was deemed mandatory to pre-
vent progression to urosepsis. In this latter group, definitive
fragment clearance was delayed and performed endoscopi-
cally approximately three weeks later (Supplementary Table
4., categorized according to clinical presentation, imaging
findings, and recommended therapeutic strategy). Although
URS achieved the highest success rate in this series, the
authors advised a combined endoscopic approach or open
ureterolithotomy in case of treatment failure. Similar man-
agement strategies were later successfully adopted in paedi-
atric population.

In 1989, Bohle et al. were the first to report SS in chil-
dren. They described a series of 24 children treated with
ESWL for upper urinary tract stones, two of them developed
ureteral obstruction that resolved spontaneously within five
days after PNS placement [20].

@ Springer

Winerth et al. observed SS 19 out of 650 patients (2,9%),
characterized by fragment columns measuring from 9 to 17
cm and extending over more than one-third of the ureteral
length [21]. Plain abdominal radiography (KUB) imaging
revealed the ureterovesical junction was the most affected
site.

Grasso et al. defined the SS as the aggregation of mul-
tiple stone fragments along the ureter, frequently associated
with residual renal calculi [22]. In their prospective series of
121 patients referred after ESWL, SS occurred in 10 cases
(8.3%) with a mean pre-treatment stone burden of 33.7 mm.
The authors emphasized that delayed intervention for com-
plicated SS with large fragments and prolonged observation
could result in irreversible renal impairment and ureteral
stricture formation.

Incidence, diagnostic methods, and clinical insights

Table 2. Studies providing diagnostic insights into SS fol-
lowing ESWL: lithotripter type, imaging applied used
for diagnosis, SS characteristics, incidence, and proposed
treatments.

Initially, patients with SS were categorized as uncompli-
cated or complicated according to the need for urgent inter-
vention. Over time, however, the term has been broadened
to encompass any ureteral obstruction induced by stone
fragmented by ESWL (Table 2). SS is now recognized to
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Table 1 Historical definitions of the SS phenomenon after ESWL, including study characteristics, SS definitions, incidence rates, management

approaches, and outcomes

Authors ~ Study design/ Study aim Definition of SS

Population

Incidence of
the SS

Outcomes and
complications

SS management

Coptcoat Retrospec- To analyze Defined as natural phe-

Complicated SS

Fragments located in the upper  Incidence of compli-

M tive, Adults ~ complications nomenon where stone occurred in 32 ureter removed by PCNL; stones cated steinstrasse
(1986)  (n=600) occurred particles move collec- cases (5%) in the lower ureter managed via  was directly related
after SWL tively down the ureter primary PNS positioning, URS,  to the initial stone
treatment following ESWL or ureterolithotomy size of stones treated
by ESWL alone
Coptcoat Prospective  To evalu- Classified of SS into 32 SS cases Management based on three Among 24 patients
M Observational, ate SS three categories (Fig. 2): (mean length of clinical groups (Table 2b): treated with preven-
(1988)  Adults management « Type I: 4.5 cm); * Group 1: asymptomatic tive PNS, 18 passed
(n=600) Fragments<2 mm * 17cases type I; (observation) stones spontane-

* Type II: Leading large
fragment (4—5 mm) with II;
a tail of smaller frag-
ments <2 mm

« Type III: Large

* 11 cases type

* 4 cases type 111

* Group 2: Symptomatic cases
without proximal ureteral dilata-
tion (antibiotics, observation)

* Group 3: Symptomatic cases
with proximal dilatation or fever

ously, 5 required
URS, and 1 under-
went ureterolithot-
omy; additionally, 5
underwent primary

retained fragments

(immediate PNS)

URS and 3 PCNL

Weinerth Retrospective, To evaluate  Defined as the develop- 19 out of 650 In acute cases immediate PNS Most commonly
JLetal. Adults the manage- ment of multiple stone  patients (2.9%)  diversion; located in the distal
(1989)  (n=650) ment of large fragments within the presented large  Non acute patients man- third of the ureter;
SS (>one- ureter after ESWL SS. aged through either expectant SS length 9—17 cm,
third ureteral 6 of them had management, URS ultrasonic fragment size
length) both ureters lithotripsy, or laser lithotripsy. 2-5 mm
involved.
Bohle et Retrospec- To evaluate ~ SS named as urinary 2 out of 24 PNS placement in both patients ~ SS resolved sponta-
al. tive, children long-term flow obstruction due (8.3%) to preserve renal function neously within five
(1989) (n=24) ESWL effects to ureteral calculi after days post-PNS
in pediatric =~ ESWL treatment
kidneys
Grasso  Prospective  To identify Defined as multiple 10 out of 121 Combined retrograde or ante- Delayed treatment
etal. observa- factors asso-  stone fragments distrib- (8.26%); mean  grade URS lithotripsy and PCN  of complicated SS
(1995)  tional, Adults ciated with uted along the ureter, pre-treatment with ultrasonic lithotripsy associated with
(n=121) ESWL failure often with residual renal mean stone irreversible renal
in upper-tract calculi diameter deterioration and
calculi 33.7 mm ureteral stricture

formation

SS Steinstrasse, ESWL extracorporeal shock-wave lithotripsy, URS retrograde ureterorenoscopy, PCNL percutaneous nephrolithotomy, PNS

percutaneous nephrostomy

results from multiple retained stone fragments obstructing
the ureteral lumen after treatment [23-26]. Pricop et al.
demonstrated that SS incidence did not significantly differ
between electrohydraulic and the electromagnetic litho-
tripters [27].

Parmar et al. identified 28 cases (4.1%) of SS among 684
patients undergoing ESWL for renal and ureteral stones.
Notably, nine patients presented with spontaneous SS with-
out any prior history of ESWL, highlighting that SS can
rarely occur in the absence of lithotripsy and supporting the
importance of metabolic evaluation such as hypercalciuria,
hypocitraturia, and renal tubular acidosis [28].

Advances in imaging have profoundly influenced both
the definition and diagnosis of SS. KUB was originally the
standard post-ESWL tool; however, its limited accuracy in
assessing fragment size and its inability to determine the
severity of obstruction restrict its diagnostic performance.

The advent of non-contrast-enhanced computer tomogra-
phy (NCCT) provided superior visualization and precision
[29]. Yoshida et al. evaluated the predictive value of helical
NCCT, defining SS as a column of stone fragments exceed-
ing 25 mm in length on KUB, and suggested that attenuation
values above 650 Hounsfield units (HU) could predict SS
formation [30].

Furthermore, Kang et al., in a series of 1,418 patients
who underwent single-session ESWL, identified low-
dose NCCT parameters predicting SS formation [25]. In
particular, larger stone size, higher stone attenuation, and
shorter skin-to-stone distance (SSD) were associated with
SS development. Therefore, low-dose NCCT represents the
preferred imaging modality for diagnosing SS, and stone
parameters can serve as predictive factors of SS develop-
ment after ESWL.
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Fig.2 Schematic representation of
SS stages based on the classifica-
tion proposed by Coptcoat et al.
(1988)

Type | - particles of 2mm
of diameter

Type Il - leading fragment of 4-5mm
with a tail of 2mm particles

It is plausible that, in addition to discrete fragments >
5 mm, fine debris produced by ESWL may aggregate with
small particles within the ureter, contributing to temporary
obstruction even in the absence of a dominant leading frag-
ment [31].

In long-term follow-up, high-resolution ultrasonography
(US) may serve as an alternative, enabling detection of SS
and associated hydronephrosis while avoiding radiation
exposure.

Relationship between Steinstrasse and
endourological treatments

Since the introduction of ESWL, SS has been most fre-
quently observed in patients with high stone burden (Sup-
plementary table 5). In this context, ureteral double-J (DJ)
stenting has been discussed as a potential means to facilitate
fragment clearance and reduce ureteral obstruction; how-
ever, the available evidence is mainly mechanistic and does
not support routine prophylactic stenting [32] .

Anderson et al. evaluated 1,000 ESWL procedures,
including 41 patients with renal stones larger than 3 cm.
They compared outcomes among patients treated with
ESWL alone, ESWL for residual calculi after PCNL, and
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Type lll - large fragments

ESWL with ureteral stenting [33]. They reported a signifi-
cantly higher incidence of SS among patients treated with
ESWL alone. These cases were typically managed with
urgent or emergent DJ stenting, whereas uncomplicated pre-
sentations were treated conservatively or with endoscopic
approaches. Persistence of SS at three-month follow-up
was notably higher in patients treated solely with ESWL for
stone burdens greater than 30 mm.

Fine et al. observed that ureteral stents not only prevented
urinary obstruction but also facilitated faster dispersion and
passage of fragments after ESWL. They hypothesized that
stents could mitigate blockage caused by fine debris gener-
ated from large-stones [32].

Alobaidy et al. compared grooved versus smooth DJ
stents placed before ESWL and found that grooved stents
promoted superior fragment clearance [34]. A threshold
stone size of 21 mm has been proposed as the upper limit for
safe ESWL monotherapy to minimize SS risk [35]. Sayed et
al. advocated conservative management as the most appro-
priate initial strategy, reporting spontaneous resolution in
nearly half of SS cases [10]. Predictive factors significantly
associated with SS formation included stone size and loca-
tion, pre-treatment collecting-system dilatation, and ESWL
energy settings [36].
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Although SS is classically linked to ESWL, it has also
been documented following endourological procedures. Iva-
nov et al. reported one case of SS among 76 patients treated
with Holmium: yttrium-aluminium-garnet (Ho: YAG) laser
lithotripsy using a disposable ureteroscope; this case was
successfully managed with second-look ureteroscopy [37].
These findings broaden the concept of ureteral obstruc-
tion after endoscopic procedures, now encompassing both
retained fragments and fine particulate “renal sand” [32].

Efficacy of surgical endourological treatments for
Steinstrasse

Table 3. Outcomes and complications of endourological
interventions proposed for SS clearance, including litho-
tripsy settings, stone-fragment characteristics, SFRs, and
complication profiles.

Since the original description by Chaussy et al. (1987),
URS lithotripsy has been regarded as the primary therapeu-
tic approach for SS management [38]. However, its efficacy
varies widely according to the technique and technology
employed (Table 3).

Rabbani et al. defined the SS as a column of fragmented
calculi occupying more than 17% of the ureteral length. In
24 patients treated with URS lithotripsy, a complete SFR
after initial procedure was achieved in 14 (58.3%). Six
patients (25%) showed partial response, requiring addi-
tional ESWL or URS, while four (16.7%) underwent open
pyelolithotomy owing to treatment failure [39].

Conversely, Feng et al. evaluated Ho: YAG lithotripsy for
severe SS with marked ureteral obstruction and renal func-
tional impairment, achieving success in 19 of 21 patients
(90.5%). Of the two failures, one required secondary ESWL
due to fragments retropulsion, and the other underwent open
surgery because URS was precluded by a kinked upper ure-
ter [40].

Recent innovations aim to minimize the invasiveness
of ureteral lithotripsy. Wang et al. reported successful SS
clearance using semirigid URS combined with a 12/14 Fr
suction ureteral access sheath [41]. Likewise, Yuming et
al. described URS as the optimal treatment for significant
ureteral obstruction caused by large volumes of crushed
stone following endoscopic procedures [42]. They defined
complex SS as the presence of four or more stones, or an
aggregate fragment length > 1.5 cm. Using Ho: YAG litho-
tripsy and a novel pressure-controlled access sheath, they
achieved a 96.6% SFR at one-month follow-up.

Medical expulsive therapies for SS clearance

A pivotal role in SS management is played by medi-
cal expulsive therapy (MET), typically consisting of an

a-blocker combined with non-steroidal anti-inflammatory
drugs (NSAIDs) and serial imaging follow-up [33, 35, 36,
43, 44](Supplementary table 6). a-blockers are thought to
facilitate the passage of stone-fragments by relaxing ure-
teral smooth muscle and reducing intraluminal resistance.
Their precise efficacy, however, remains debated.

Resim et al. demonstrated in an RCT that a-blockers ther-
apy significantly increased fragment clearance and reduced
SS incidence after ESWL compared with analgesics alone
[45]. Conversely, other authors have questioned its pre-
ventive value [46]. In the RCT by Moursy et al. reported
that a-blocker administration did not significantly enhance
SS clearance compared with analgesics alone; however, it
halved the incidence of SS and reduced NSAID consump-
tion [47]. These findings were confirmed by Ahmed et al.,
who further demonstrated a reduced need for adjuvant inter-
ventions [48].

Additional pharmacological strategies, such as combin-
ing phosphodiesterase-5 inhibitors with a-blockers, have
been investigated after ESWL; however, available evidence
did not demonstrate a significant reduction in SS incidence
compared with a-blocker therapy alone [49]. Furthermore,
adjunctive a-blocker therapy after ESWL may facilitate
fragment passage and improve the expulsion rate of SS,
with a potential increase in SFRs compared with conserva-
tive management alone [50].

Discussion

Since its introduction into clinical practice, ESWL has
been recognized as a safe and effective non-invasive treat-
ment for kidney stones [51]. Over the years, advancements
in shock-wave generator, delivery systems, and imaging
guidance have significantly improved stone fragmentation
efficacy [52]. Despite these technological developments,
SS remains one of the most concerning complications of
shock-wave treatment, with a reported incidence that var-
ies widely across studies [53, 54]. As highlighted in this
review, a universally accepted definition of SS after ESWL
is lacking. The diagnostic classification proposed by Copt-
coat et al., which integrates both anatomical findings and
management strategies based on symptoms type (asymp-
tomatic, pain only, or pain associated with fever), remains
the most reliable and widely validated framework and has
been applied in several clinical studies [19]. Nonetheless,
the development of SS following ESWL remains unpredict-
able, being influenced by multiple factors, including shock-
wave energy, frequency, stone size, and anatomical location
[54-57].

Prophylactic ureteral stenting has been proposed to pre-
vent SS in patients with a large stone burden [58]. However,

@ Springer
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the presence of a DJ stent often necessitates multiple ESWL
sessions and does not appear to significantly improve over-
all SFR [59, 60]. Although DJ stenting can be performed
safely in an outpatient setting [61], current evidence does
not support its routine use for treatment outcomes. Indeed,
auxiliary procedures are frequently required to achieve
complete stone clearance despite the presence of ureteral
drainage [62, 63]. Consequently, in cases of large stone bur-
den — typically exceeding 20 mm — PCNL remains the
preferred first-line treatment option, whereas FURS (RIRS)
should be considered an alternative or second-line approach
in selected patients [64].

While SS is generally associated with post-ESWL ure-
teral obstruction, it may also occur after endourological
procedures; however, the lack of detailed characterization
has likely led to its under-recognition in clinical practice
[65, 66]. In contrast, PCNL may itself represent a cause of
this complication, as residual stone fragments not evacuated
through the percutaneous tract, as well as small fragments
flushed down the ureter by pressurized irrigation, can con-
tribute to SS formation.

Recent technological advances — particularly improve-
ments in laser efficiency, instrument miniaturisation and
introduction of FANS — have expanded the role of endou-
rology for treating progressively larger stones. The advent
of long-pulse Ho: YAG, TFL and recently p-Tm: YAG has
enabled the generation of fine particulate matter, generally
referred as “dust”, rather than discrete fragments during
FURS [67]. In this setting, dusting techniques are increas-
ingly favoured by endourologists because they reduce the
need for basketing and may shorten operative time. How-
ever, these approaches have also been associated with a
higher likelihood of secondary procedures due to residual
debris [68—70]. Although this phenomenon may be miti-
gated using FANS, a significant proportion of patients
still present residual stone particles following endoscopic
treatment.

These particles, generally defined as Clinically Insignifi-
cant Residual Fragments (CIRFs), typically measures < 4
mm in maximum diameter. They are often considered neg-
ligible and, when present, do not usually compromise the
definition of SFRs status [70]. Nevertheless, accumulating
evidence suggests that CIRFs may have a certain clinical
impact, being associated with stone recurrence and post-
operative complications [71, 72]. Such residual fragments
may pass spontaneously through the ureter; however, they
can still cause to ureteral obstruction. When these fragments
accumulate, they may contribute to the development of SS.
Although NCCT provides excellent diagnostic accuracy,
the clinical relevance and accurate characterization of very
small fragments may be limited, particularly when frag-
ments are present as fine particulate material rather than

discrete calculi. This issue becomes even more relevant
when fragments are combined with finer particles < 250
pm, commonly referred to as “dust” [73] — these residuals
may aggregate within the urinary tract, resulting in hydrone-
phrosis, pain, or the need for reintervention to achieve com-
plete stone clearance. Although their overall clinical impact
remains debated, both CIRFs and micrometric dust have
been consistently associated with higher retreatment rates.

The absence of standardized follow-up imaging proto-
cols and concerns regarding cumulative radiation exposure
in recurrent stone formers, further limit the accurate detec-
tion and estimation of SS incidence after endourological
treatments [74, 75]. In addition, the widespread use of US in
the emergency department settings reduces diagnostic sen-
sitivity for detecting small or transient ureteral fragments.

In light of these limitations and the absence of a formal
clinical definition applicable to contemporary endourologi-
cal practice, we cautiously propose the descriptive term
“Sandstreet” in the context of FURS and PCNL. This term
is intended to describe the accumulation of CIRFs and stone
dust within the ureter — either in the presence or absence of
prior drainage — comprising predominant micrometric or
small millimetric particles, generally<4 mm in maximum
diameter.

Such accumulations may be asymptomatic and transient,
resolving spontaneously, and should therefore be excluded
from the definition when clinically insignificant. Neverthe-
less, the same fragments may result in partial or complete
ureteral obstruction with either transient or persistent symp-
toms. Their clinical relevance can progressively improve
thanks to innovative Artificial Intelligence (Al) assisted
imaging technologies, which may higher detection rate and
characterization of residual fragments [76]. Importantly, this
proposed terminology is intended as a descriptive frame-
work rather than a distinct pathological entity, and requires
prospective clinical validation under real-world conditions.

The management of SS remains a subject of ongoing
debate, with therapeutic approaches ranging from conser-
vative management to surgical intervention, depending on
the severity of obstruction and the patient’s clinical presen-
tation [46]. While SS typically begins with the accumula-
tion of fragments within the ureter, producing flank pain.
If left untreated, persistent obstruction may progress to
hydronephrosis, infection and, in severe cases, potentially
life-threatening urosepsis [43]. Accordingly, management
strategies should be individualized and guided primarily by
clinical evolution rather than fragment size alone. Expectant
management — including analgesics such as NSAIDs and
a-blockers as part of MET — may represent a reasonable
option in carefully selected patients to promote spontaneous
fragment clearance (Fig. 3.).
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Symptomatic patients after stone treatment
(ESWL or endourological procedures)

« Absence or mild hydronephrosis
« Transient symptoms (e.g, colic
pain responsive to NSAIDs),
« Normal or mildly elevated serum
inflammatory biomarkers in the
absence of signs of sepsis

» monitoring of renal dilation and of inflammatory

Careful clinical observation with close follow-up,

including serial clinical assessment, ultrasound
SS Spontaneous ureteral

clearance
markers; MET may be considered in selected

patients

Clinical decisions should be individualized and
guided by symptom severity, degree of
obstruction, and infectious risk rather than
fragment size alone

imaging suspicion of SS (CT when
indicated), integrated with clinical and
laboratory findings

« Moderate or severe hydronephrosis
. Solitary kidney or AKI
« Recurrence of symptoms (eg. flank
pain, nausea or vomiting)
+ Moderate to high or rising levels of
inflammatory biomarkers (e.g. WBC
CRP or Procalcitonin)

If no improvement or

partial migration and

incomplete ureteral
clearance

Endoscopic intervention
(retrograde or
anterograde), when
clinically indicated, to
facilitate clearance of
obstructive fragments.

u
obstruction

Promt drainage of the urinary
tract via ureteral Double-J stent
placement, or percutaneous
nephrostomy placement

Fig. 3 Description of the clinical decision-making process for the management of SS following ESWL or endourological procedures

The role of ESWL for treating pre-formed SS remains
controversial due to its inconsistent efficacy in fragment
clearance [39, 43].

In the early postoperative setting, ESWL directed at
steinstrasse may improve clearance and shorten time to res-
olution compared with a conservative approach, potentially
avoiding the need for drainage placement [77]. In particu-
lar, the presence of a leading fragment > 5 mm has been
proposed as a threshold warranting further treatment, given
the higher likelihood of persistence and secondary compli-
cations [31].

Conversely, patients presenting with acute colic pain,
elevated inflammatory markers, or progressive obstruction
should undergo prompt decompression with a DJ stent or
PNS. URS with laser lithotripsy should be considered the
preferred treatment for persistent SS with delayed frag-
ment clearance in non-emergent situations — after ade-
quate infection control — given that reported series have
demonstrated SFRs approaching 95% [37, 42, 78]. URS is
also indicated when expectant management fails to achieve
adequate clearance. However, no consensus currently exists
regarding the optimal URS instrumentation, laser settings,
or operative techniques to minimize complications [79, 80].

Ureteral mucosal injury — leading to ischemia, fibrosis,
and stricture formation — remains a major concern [81].
Particularly attention must be paid to laser energy and fre-
quency parameters during ureteral SS treatment to prevent
thermal damage to the ureteral wall. Recently developed
flexible aspirating access sheaths, some equipped with real-
time intrarenal pressure monitoring, have shown promising
results in achieving high SFRs while maintaining proce-
dural safety [41, 42, 82].

In addition, machine learning algorithms have recently
been introduced for risk stratification in urolithiasis. These
systems hold the potential to enable personalized treatment

@ Springer

planning based on patient-specific factors and helping to
prevent SS-related complications [83]. Integrating predic-
tive analytics into endourological decision-making could
optimize surgical strategies and reduce the occurrence of
symptomatic or progressive SS, which continues to repre-
sent a clinically significant and sometimes urgent condition.

This study is not without limitations. Considerable het-
erogeneity among ESWL devices, treatment parameters,
laser technologies, and study designs precluded direct com-
parison and prevented the performance of a meta-analysis.
In addition, potential sources of bias and confounding —
such as variability in stone composition, operator expertise,
and outcome reporting — were not consistently addressed
across studies. Consequently, the overall RoB for all the
included studies were judged to be moderate to high, which
limits the generalizability of the conclusions of the present
systematic review. These limitations emphasize the need
for a standardized definition of SS, and the development of
unified diagnostic and management criteria applicable to
both ESWL and endourological procedures. Furthermore,
in-vitro tests under high-fidelity conditions, which might
comprehend three-dimensional stone and upper tract repro-
duction, may help to better assess treatment outcomes and
procedure-related complications associated with endouro-
logical management of SS [84, 85].

Finally, the integration of predictive and imaging-based
diagnostic technologies will be crucial to optimize out-
comes and reduce both the clinical and economic burden
associated with this complication.
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Conclusion

SS remains a well-recognized complication of ESWL,
although considerable heterogeneity persists in its defini-
tion and management strategies across the literature. Earlier
clinical classifications and treatment principles continue to
provide a valuable framework for patient care. Neverthe-
less, advances in endoscopic technology and laser litho-
tripsy have broadened the therapeutic scope for large stone
burdens, while simultaneously introducing new challenges.

The recognition of this emerging entity — termed “Sand-
street” — in the context of endourological interventions,
together with a comprehensive understanding of preopera-
tive and patient-specific factors, represents a crucial step
toward improving prevention, diagnosis, and management
of SS-like conditions.
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