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Abstract: Cystinuria is a rare genetic condition that is responsible for cystine stones. Besides stone recurrence, patients with cystine
stones have reduced health-related quality of life, increased rates of chronic kidney disease and hypertension. Although lifestyle
measures, medical therapy and close follow up are essential to reduce and monitor cystine stone recurrences, surgical intervention is
frequently needed for most cystinuria patients. Shock wave lithotripsy, ureteroscopy, percutaneous nephrolithotomy and active
surveillance all have a role, and technological advances in endourology are vital in achieving a stone-free status and to prevent
recurrences. The complexity of managing cystine stones necessitates a multidisciplinary team discussion, patient involvement and an
individualised approach in a specialist centre for optimum management. Thulium fibre laser and virtual reality may have an increasing
role in the future of cystine stone management.
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Introduction

Cystinuria is a rare genetic condition that is responsible for cystine stones that account for approximately 1% of
urolithiasis in adults." In the paediatric population cystine stones account for approximately 8% of urinary stones.”
Cystinuria is an inborn error of metabolism inherited as either an autosomal recessive or autosomal dominant, with
incomplete penetrance mechanism.® Cystinuria itself has a global incidence of approximately 1 in 7000 with variability
between different patient groups.’

Mutations in the SLC3A1 or SLC7A9 genes result in defects of trans-epithelial transporters in the renal proximal
tubules that normally reabsorb cystine, ornithine, lysine and arginine, consequently increasing the urinary concentrations
of these amino acids.* More than 200 mutations have been recognised in these genes and cystinuria can be classified
according to whether the defects are within SLC3A1 (type A cystinuria), SLC7A9 (type B cystinuria) or rarely where
a mutation arises in both genes (type AB cystinuria).>* It is only increased urinary levels of cystine that are of clinical
significance due to it being relatively insoluble at physiological urinary pH resulting in precipitation and stone formation.
Stone analysis can be used to diagnose cystine stones, or in the absence of a stone, a quantitative 24-hour urinary cystine
level.® Although advances in genetic sequencing have enabled the possibility of identifying the exact mutation present,
this is not currently routinely recommended as it does not alter clinical practice.””’

The genetic nature of the disease typically results in patients with cystinuria developing stones at an earlier age with
a greater chance of recurrence than other stone formers.® The median age at presentation is adolescence, but the rarity of
this disease often results in a delayed diagnosis of cystinuria, 7.8 years reported by one UK study.’ Furthermore, patients
typically required more surgical treatments than patients with non-cystine stones® with a systematic review reporting

a mean of 5.7 procedures per patient over an average 9.6 year follow up, with a mean of 0.59 surgical procedures/patient/
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year.'® This cohort will therefore benefit greatly from minimally invasive surgery (MIS) to lessen the impact of morbidity
from repeated open surgical procedures.

Patients with cystine stones have reported reduced health-related quality of life (HRQoL) compared with patients with
non-cystine stones.'' Cystine stone formers have also been found to have increased rates of chronic kidney disease
(CKD) and hypertension.'> Even in the paediatric population, renal scarring is commonplace on DMSA imaging,
although this did not correlate with renal impairment.'> Nephrectomy is not uncommon due to the delayed diagnosis,
with a rate of 8% of patients having undergone previous nephrectomy in one study.’

Non-Surgical Management

Whilst cystinuria is not curable, except for rarely performed renal transplantation,'® dietary modification and pharma-
cological management can reduce cystine concentration in the urine and therefore reduce stone formation® (Figure 1).
Fluid intake sufficient to produce a minimum of 3 litres of urine a day in adults has been advocated with the intention of
diluting the urinary cystine concentration to <250 mg/L, therefore inhibiting cystine crystallisation.®'> Restricting
consumption of sodium to <2500 mg/day is also recommended as this is associated with reducing urinary cystine
excretion.®'® Reducing consumption of animal protein has also been proposed as this is high in methionine, a precursor
of cystine, which will therefore increase urinary cystine excretion. However, children should still meet recommended
daily protein intake as this is essential for growth.®!’

Cystine solubility is strongly affected by urinary pH with physiological urinary pH (5.0-7.0) being associated with
the lowest solubility.'® Alkalinisation of urine with potassium citrate can increase the solubility of cystine, with the
American Urology Association (AUA) recommending a target pH of 7.0 and the European Association of Urologists
(EAU) advocating a target pH of 7.5-8.5.">*° However, caution should be exercised with alkalinisation of urine as this
can increase the risk of calcium phosphate stones.”' Response to treatment can be assessed with measuring urinary pH
and 24-hour urine collections with a target of <3 mmol/day of cystine.”” Second-line treatment with cystine binding thiol

19,22

drugs (CBTD) (e.g. tiopronin preferred over penicillamine due to improved side-effect profile 7)) are indicated if

urinary cystine excretion remains >3 mmol/day despite adequate alkalinisation.®*°

GEnerallmCastres Stones <2 cm surgical treatment
- Hydration >3.5 L/day or 1.5 L/m?2 body -<1cm kidney: SWL or URS
surface in children - 1-2 cm kidney: URS
- Urine pH 7.5-8.0 using alkaline citrates or - Ureter: URS
sodium bicarbonate - Children: SWL trial or URS

Cystine stones

Specific medical treatment
o Cystine <3 mmol/day: + tiopronin Stones >2 cm Surgica’ treatment

- Cystine >3mmol/day: tiopronin 250- - PCNL
2.000 mg/day according to response

Figure | Summary of management in patients with kidney stones.
Abbreviations: SWL, shock wave lithotripsy; URS, ureteroscopy; PCNL, percutaneous nephrolithotripsy.
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Surveillance

The EAU guidelines recommend close follow up of high-risk stone formers, including those with cystinuria, with
imaging, metabolic management and treatment monitoring initially at 6 months and then annually.® However, this
should be adapted to individual patient circumstances as frequent stone formers may require regular follow-up and
ideally this would be in a specialist clinic.”****

Although X-ray, ultrasound and CT have all been used in active surveillance of cystinuria patients for small
asymptomatic stones, ultrasound is often preferred to reduce the cumulative radiation exposure from repeated
imaging.'>?** Although the EAU recommends at least annual follow up, this may be as frequently as 3-monthly
depending on the individual patient and their frequency of stone recurrence.

As with other stone types, a trial of conservative management or medical expulsive therapy and close observation can
be considered in obstructing ureteric stones <10 mm with no evidence of fever, infection, renal impairment, or
uncontrolled pain.'®* Thomas et al reported that 53% of their cystinuria patient cohort passed their stones spontaneously
and therefore those with small asymptomatic stones may be managed conservatively with appropriate close monitoring,
deferring surgical intervention to a point where stones become symptomatic or too large to pass spontaneously.’
Individual patients should be involved in the decision-making process, and patients may have a preference for less
invasive procedures due to a history of frequent surgery. An active surveillance strategy with regular follow up including
ultrasound (US), as well as radiography from time to time, is a valid option that prevents patients from unnecessary
interventions and thus the risk of intervention-related complications.

Despite dietary and pharmacological management to reduce stone formation, surgical management is not uncommon
for most cystinuric patients. Developments in minimally invasive surgeries (MIS) have seen a dramatic change in
practice for managing cystine stones over the last few decades.”® The purpose of this article is to review the impact of

minimally invasive surgery and technical advances on outcomes of recurrent cystine stones.

Surgical Management Options

The need for open surgery to treat upper tract urolithiasis is now largely redundant due to the significant advances in MIS
with ureteroscopy (URS), percutaneous nephrolithotomy (PCNL) and extracorporeal shock wave lithotripsy (SWL), all
of which are used in cystine stone management’>> 2’ (Table 1).

Although there are some disparities between the recommended management approaches of urinary stones depending
on stone location and size by the AUA and EAU, they are relatively concordant, with URS or ESWL recommended for
ureteric and renal stones <20 mm.'*>*?” Renal stones larger than 20 mm should be treated with PCNL. However, whilst
the principles of these guidelines are applicable regardless of stone composition, specific consideration should be given to
patients with cystine stones.

Shock wave Lithotripsy (SWL)

There is evidence to suggest that SWL may be less suitable for cystine stones compared with other stone types. Firstly,
cystine stones can be relatively radiolucent and may be difficult to visualise on plain imaging, rendering targeting
difficult in SWL.? Furthermore, cystine stones may be more resistant to fragmentation by SWL than other types of stones
and an increased number of shocks is required to achieve fragmentation than in a non-cystine stone.*> The AUA
therefore recommend that cystinuric patients with ureteric stones that require definitive treatment should be offered
ureteroscopy as a first-line treatment option.'’

Studies have identified that cystine stones can be differentiated by their surface patterns being either smooth (cystine-
S) or rough (cystine-R) with the latter having well-formed hexagonal crystalline structures that were more easily
fragmented than smooth stones.** Kim et al performed in vitro CT scanning of cystine stones, reporting that stones
with a rough surface have lower attenuation values (702 vs 921 Hounsfield units) and have detectable internal radiolucent
voids.>> Whilst this could theoretically assist in pre-operative decision making, in an in vivo study at a tertiary centre in
which 107 cystinuric patients had CT imaging, it was not possible to distinguish between smooth and rough type cystine
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Table | Summary of Participants, Intervention Modalities and Outcomes of Selected Studies

Author (Year)

Study Summary

Participants with
Cystine Stones

Intervention
Modality

Stone-Free Rate (SFR)

10 (21 interventions)

RIRS

71%

Ruggera et al (2011)* Single-centre URS outcomes
in management of cystine

stones (2003-2007)

Takahashi et al (2021)*° Retrospective review of 22 (138 interventions) | SWL — 122 (84.4%)

URS — 13 (9.4%)
PCNL - 3 (2.2%)

Not reported
outcomes of cystine stone
patients at a single centre
(1989-2019)

Onal et al (2013)* Retrospective analysis of 51 (65 renal units) PCNL 63.1% (initial)

73.8% (after additional
endoscopic procedures)

children undergoing PCNL for
cystine stones (2000-2012)

Usawachintachit et al (2018)*° Retrospective analysis of 42 (261 interventions) | PCNL — 112 (42.9%)
URS — 90 (34.5%)
SWL — 44 (16.9%)

Open — 15 (5.7%)

Not reported
clinical outcomes of cystinuria
patients comparing bilateral

and unilateral disease

Quiros Madarriaga et al (2022)®' | Prospective analysis of high 8 (22 interventions) RIRS 59%
power Ho:YAG laser in
children with cystinuria
Vinit et al (2021)* Retrospective analysis of SWL | |5 SWL 83% (children <2 years)

outcomes in the first-line 6.2% (children >2 years)
treatment of cystine stones in

children

Abbreviations: SWL, shock wave lithotripsy; URS, ureteroscopy; PCNL, percutaneous nephrolithotripsy, RIRS, retrograde intrarenal surgery.

stones.>® There are also suggestions that cystine stones in patients taking thiol medications may be more susceptible to
fragmentation.®’

Studies have reported variable outcomes on efficacy of SWL in cystine stones. Cranidis et al reported a 54.5%
success rate for renal stones with an average of 2.1 treatments/renal unit and had no success in treating ureteric stones
with SWL.>® Conversely, Katz et al achieved successful stone clearance after two SWL treatments in 8 out of 10 patients
with ureteric cystine stones and advocate this as a first-line treatment.>® Thomas et al report that 47% (15/32) of patients
have stones responsive to SWL in which they consider first-line SWL in presence of previous success and a stone
<1 cm.” Kachel report that of 10 patients with cystine stones <I.5 cm, SWL was successful in achieving fragments of
<3 mm in 60%, and <5 mm in 90%, however ureteric catheter or percutaneous nephrostomy was often used to administer
contrast to help visualise the stones and it is not clear how many SWL treatments were required for each patient.’” SWL
may have more of a role in paediatric cases of cystine stones, especially those younger than 2 years of age where stone-
free rates of 83% were achieved in one study, however these were much lower in older children.*> Conversely, Landau
et al reported a significantly lower 3-month SFR of 37.5% in children (mean age 6.6 years) with cystinuria compared
with those without cystinuria (82.5%).*

Ureteroscopy and Cystine Stones

Ureteroscopy has seen substantial growth in recent years with a 257% increase in ureteroscopy over a 20-year period to
2020 in the UK.*' Technological advances with miniaturisation of endoscopic equipment, improved optical quality,
disposable equipment, adjunctive tools (e.g. ureteric access sheaths, suction) and lasers have contributed to this
increase.*> URS has been shown to be successful for both ureteric and renal cystine stones with Ruggera et al reporting
a 71% SFR with a strict no residual fragments definition after initial URS for stones of a mean size of 11 mm, and in their
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series of 21 procedures, no major complications were reported.”® A systematic review of URS for managing large stones
reported a SFR of 91% for a mean stone size of 2.7 cm, however a Clavien-Dindo >3 complication rate of 4.5% was
noted.*® A recent consensus statement advocates the use of URS to manage renal and ureteral stones <20 mm to avoid
more invasive PCNL in a patient group requiring frequent procedures, whilst also acknowledging that stones >20 mm
may also be considered for treatment with staged ureteroscopic procedures.”® The risk of complications, particularly
infective from URS and stone surgery increases with increased procedural time, and it has been recommended that
procedural time is less than 90 minutes for this reason.** Therefore, a staged procedure may prove a safer option in cases
with a large stone burden in which ureteroscopic surgery is chosen.

Cystine stones commonly occur bilaterally in 67-73% of cases.”’*° Bilateral same-sitting ureteroscopy can be
undertaken in the management of bilateral urolithiasis, and this is associated with an initial stone-free rate of 87%.*
Complication rates reported were 50%, although three-quarters of these were Clavien 1 complications.*> Complication
rates reported in recent studies (2013-2016) are lower at 10.6%, and are lower in higher volume centres and in those
where laser lithotripsy rather than pneumatic lithotripsy is performed.*®

There has been an ever-increasing trend toward day case surgery for ureteroscopy over the last 5 years, with a 14.7%
increase in day-surgery rates in the UK from 2015-2020 with a corresponding reduction in number of bed days and the
associated costs.*! Day case surgery is still feasible in bilateral ureteroscopy, with rates of 60% reported in one study.*’

Flexible URS has been successfully reported in the management of paediatric renal stones with a SFR of 87%.** One
small study of 22 procedures on 8 cystinuria patients, with a mean age of 9.3 years, reported a lower SFR of 59% as per
ultrasound at one month and intraoperative complication rate of 18.2%.>!

A challenge of flexible URS can be reaching the lower pole if there is a steep infundibulo-pelvic angle between the
renal pelvis, limiting accessibility for laser lithotripsy of the stone, and requiring excessive deflection.”” Excessive
deflection can risk damaging the ureteroscope with the laser fibre and if possible, the stone should be repositioned to the
upper pole or renal pelvis with a basket to facilitate lasertripsy. Several single-use ureteroscopes are now available, which
have a similar efficacy to reusable alternatives, but may be associated with increased costs.’® However, they have been
shown to extend the life of reusable ureteroscopes by up to 40% and may be particularly useful in situations when risk of
damage is higher including cystinuric patients with lower pole stones and large stone burdens.”'

Ureteroscopy does have specific complications that should be considered, including ureteric strictures. A prospective
study reported a post-ureteroscopy stricture incidence of 1.5% (4/263) and all of these were due to an impacted stone.>
A recent large-scale population-based study of >300,000 patients showed that overall stricture rate was 2.9% post
ureteroscopy and the rates of stricture were 1.7-fold higher than for SWL, with instrumentation and stone-related factors
increasing the risk.” In one multi-centre study of 40 ureteric strictures, just 27.5% were managed endoscopically, with
37.5% requiring reconstruction, 25% required nephrectomy and 10% had chronic stent or nephrostomy.5 * This would be
particularly detrimental in cystinuria patients where CKD and nephrectomy rates are already high and urinary tract
reconstruction would make any future interventions for recurrent cystine stones more challenging.

Decisions regarding inserting a ureteric stent post-ureteroscopy are made more challenging in cystinuric patients due
to the increased risk of encrustation.”>>> When stents are inserted, it is recommended that they are in place for no more
than two weeks to avert this risk.”**>° One tertiary centre advocates using stents on strings which can be removed by the
patient in 1-3 days.’

Technological Advances in Ureteroscopy
Endourologists have an array of equipment available in their armamentarium including those that can be used to improve
outcomes and individualise an approach to management of each patient.

Thulium fiber laser (TFL) is rapidly taking off in endourology as it has the advantages of a simpler cooling system
enabling a smaller generator size, a smaller fibre diameter allowing increased irrigation and visibility, and lower pulse
energy which results in reduced retropulsion compared with the Holmium:YAG laser.”” TFL can achieve a broader range
of energy settings than a Ho:YAG laser, but ideal settings are not yet known and information regarding cost effectiveness
is also currently lacking.’’ When compared directly with Ho:YAG laser, while there are limited studies thus far
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investigating the role of TFL in managing cystine stones, an in vitro study has suggested effective dusting of cystine
stone is possible.’®

Ureteric access sheaths (UAS) have the advantage of facilitating multiple passages to the kidney with the flexible
URS while reducing renal temperature and improving irrigation and therefore field of view, which may prove useful in
cystinuric patients.>® Within the literature, there is an increased risk of mucosal damage to the ureters reported, especially

if there is no pre-operative ureteric stent.®’

There is conflicting evidence as to whether UAS increases the risk of ureteric
strictures.””®' However, with improvements in endourological technology with smaller diameter thulium laser fibres,
irrigation through the ureteroscope alone may be adequate and may sway the balance of the risks and benefits against the
use of UAS, but this will need to be considered on a case-by-case basis.®* The role of UAS in paediatric URS is also
unclear and a recent systematic review showed a clear improvement in SFR and a 1.59% risk of ureteric injury requiring
treatment with a stent.®®

Irrigation fluid during ureteroscopy improves visualisation but can cause retropulsion of stones and an increase in
intrarenal pressure (IRP). Increasing IRP beyond physiological parameters can increase pyelorenal backflow which is
associated with an increased risk of infection.®* UAS can partially reduce IRP through improved drainage, but more
recent technological advances have combined suction devices with UAS.>® Zhu et al compared outcomes of flexible URS
for renal stones when using a 12/14F UAS with or without suctioning.®> They reported reduced operative time, lower
urosepsis rates and higher initial SFRs for the suctioning UAS group, although SFRs at 3 months and septic shock
incidence were comparable in both groups.

Yang et al have developed a novel “Postural Drainage Lithotripsy System” designed to increase passage of residual
fragments using data from a CT urogram imaging.®® A spatial rotating bed is manipulating and moving the patient, using
the CT derived data, to allow stone fragments to pass by gravity. In the preclinical study a stone in a 3D printed model
was used with successful passage of stone fragment in 88% of cases. Although stone fragment clearance is vital in
cystinuric patients, feasibility of achieving the angles of rotation in patients, cost and requirement for a CT urogram are
potentially limiting factors to achieve this.

Percutaneous Nephrolithotomy (PCNL)

PCNL is the first-line recommended treatment option for renal stones >20 mm.?’” PCNL however does have risks of
haemorrhage requiring transfusion (up to 7%) and organ injury (0.4%) that can occur from calyceal puncture and tract
dilatation.®” To mitigate these risks, there has been a trend for increasing miniaturisation of PCNL (mini-PCNL)
instruments, which has been associated with comparable SFR to conventional PCNL with a lower blood loss but longer
operative times.®® Porcine models have shown that there is less parenchymal damage caused by tracts 24 Fr or smaller,
supporting the trend towards miniaturisation.®” Thus mini-PCNL may be of particular value in cystine stones where
minimising the risk of complication is vital in a group requiring repeated interventions over their lifetime.> In paediatric
PCNL, Onal et al reported on their experience of PCNL in children with cystinuria, achieving an initial SFR of 63%
using a combination of paediatric (<20 Fr) and adult (>20 Fr) access sheaths and a final SFR of 78% after an additional
procedure (PCNL, URS or SWL).> Blood transfusion was required in 12% of cases, however, all of these occurred in the
>20 Fr access sheath group.

Although there may be concerns that PCNL can impair renal function due to the parenchymal damage caused by
achieving access, a recent systematic review found this to not be the case and in three studies, there was a significant
improvement in renal function following PCNL.”” However, the usage of multiple tracts during PCNL has been
associated with a deterioration in renal function, particularly if pre-existing renal function is suboptimal.”'-"?
Consideration of endoscopic combined intrarenal surgery (ECIRS) should be given to those with large and complex
stones to obviate the need for multiple tracts and this has been associated with increased one-step SFR, reduced need for
additional procedures and a lower complication rate compared with PCNL but not mPCNL.”* Inoue et al reported on the
benefits of miniaturised equipment, that could be used in the management of paediatric stones, in which a 2-year-old boy
had bilateral renal stones >2 cm treated with a super ultra-mini ECIRS using a 8.5-9.5 Fr percutaneous tract sheath with
a 6 Fr nephroscope.”
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However, despite mini-PCNL offering reduced rates of complications, staged ureteroscopic procedures should be
considered as an alternative and therefore large and complex cystine stones should be discussed in a stone multi-

disciplinary team meeting.®'*">

Technological Adjuncts in PCNL

PCNL rates in cystinuric patients have remained relatively constant, due to the complexity of the stone burden and
through miniaturisation of instruments reducing its complications.'® Ultrasound, pneumatic and laser techniques of
lithotripsy are all used with PCNL. Newer technology such as the LithoClast Trilogy (EMS, Switzerland) combines
ultrasonic and ballistic mechanisms with suction to increase stone clearance and also has favourable reviews on usability
by surgeons.”® Shockpulse (Olympus, USA) technology also combines ballistic and pneumatic technology, with one
study identifying reduced operative time and comparable SFR when compared with pneumatic lithotripsy.”” A further
study suggested that Ho:YAG laser lithotripsy has higher SFR compared with pneumatic lithotripsy but comparable to
Shockpulse lithotripsy.”® A systematic review of recent studies (2019 to 2021) has also shown that PCNL with laser
lithotripsy achieved a SFR of 91.5% at 3 months.”” TFL has also recently been used in mini-PCNL achieving a SFR of
85% with reduced retropulsion, albeit for a relatively small mean stone size of 12.5 mm, and further comparative studies
between Ho:YAG and TFL in PCNL laser lithotripsy are required.®

Fluoroscopic guidance has traditionally been used to achieve the percutaneous tract, but this has associated radiation
exposure to both patients and surgeons, and the cumulative exposure to cystinuric patients must be considered as they are
likely to undergo multiple procedures from a young age. A meta-analysis suggested that ultrasound and fluoroscopic
guided PCNL had similar efficacy with respect to SFR and operative duration, and ultrasound guidance had a lower
complication rate for Clavien I-II, but no difference for III-IV.®'

Robotic Surgery
Open surgery is still occasionally used for complex cases, but it has been associated with kidney function deterioration in
cystinuric patients, hence the need to seek alternatives where possible.*> There may be a growing role for robotic or
laparoscopic surgery in cases where other minimally invasive techniques are not feasible.*> A systematic review
comparing PCNL, robotic pyelolithotomy (RP) and laparoscopic pyelolithotomy (LP) reported similar outcomes for
all modalities.** However, there was a slightly lower SFR for PCNL compared with other modalities and PCNL had
significantly higher blood loss, but this did not result in an increased transfusion rate. Varda et al performed four robotic
lithotomy procedures on cystinuria patients, and the authors concluded that this offers a viable treatment option with
reduced morbidity compared with open surgery when endoscopic surgery is not an option.® Robotic surgery has been
used in the management of paediatric urolithiasis, especially when there is concomitant ureteropelvic junction obstruction
requiring pyeloplasty.®¢

The Avicenna Roboflex system (ELMED, Ankara, Turkey) is a robot-assisted flexible ureteroscopy system and Klein
et al report a SFR of 90% in 240 patients using the system and cite a major advantage being the improved ergonomics
offered to the surgeons, which is of importance in a long procedure when managing complex stones.®” Whilst the use of
robot-assisted laparoscopic surgery for urolithiasis is likely to be restricted to the rare cases in which endoscopic surgery
is not feasible, robot-assisted ureteroscopy may become more widely used in the future as the technology develops
further.

Virtual Reality and Three-Dimensional Printing
Three-dimensional (3D) printing techniques can be used to produce models of an individual patient’s renal anatomy and
stone positioning.®® 3D printed models can also allow simulation PCNL, to allow for pre-procedural planning and to
optimise target calyx for puncture in patients with complex stone burdens.®® Producing such models however requires
specific equipment (3D printer) and is time-consuming and costly and this currently limits its uptake.

Virtual reality (VR) technology can be used to enhance surgical training by allowing trainees to develop practical
skills in a simulated environment without risk to the patients.”” The Uro Mentor VR simulator for ureteroscopy is
designed for training residents, with Cai et al reporting a significant improvement in procedure time, laser proficiency and
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total energy usage following a 4-hour training session.”' These technologies may be of greatest interest in PCNL which
has a longer learning curve and selection of calyx for puncture is critical, to reduce the need for multiple punctures and
the associated risks in cystinuric patients.*® Future studies should also take into account patient-reported outcome

measures (PROMs) and nomograms to help achieve the best clinical outcomes.”*"?

Conclusion

Cystine stones are rare and frequently recurrent, presenting a challenging patient cohort to manage. Whilst conservative
and medical therapies to reduce stone formation in cystinuric patients are essential, there will inevitably be a need for
surgical intervention in most patients. Due to the frequent need for intervention and its link with CKD, minimally
invasive surgical techniques have much to offer. Shock wave lithotripsy, ureteroscopy and percutaneous nephrolithotomy
all have a role, and technological advances in endourology are vital in achieving stone-free status and fragments entirely
removed to prevent recurrences. The complexity of managing cystine stones necessitates a multidisciplinary team
discussion, patient involvement and an individualised approach in a specialist centre for optimum management.
Thulium fibre laser and virtual reality may have an increasing role in the future of cystine stone management.
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