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Introduction We aim to review the outcomes of shock wave lithotripsy (SWL), ureteroscopy,

and percutaneous nephrolithotripsy (PCNL) for renal and ureteral stones in spinal cord neuropathy
patients (SNP).

Material and methods A literature search was performed on 8" March 2023 using PubMed, EMBASE,
and Google Scholar with no date limit. Preclinical/animal studies, reviews, letters to the editor, case
reports, and meeting abstracts were excluded. Only English papers were accepted.

Results Thirty-five articles were accepted. Five studies focused on SWL, 17 on PCNL, and 6 on ureteros-
copy. The remaining articles employed more than one procedure. Stone composition has shifted from
struvite to the more common calcium phosphate. SWL showed a very poor stone-free rate (SFR) likely
due to challenges in patient positioning, stone visualization, localization, and inability to pass fragments
spontaneously. Flexible ureteroscopy and PCNL were associated with a high incidence of infectious
complications, long hospital stays, high blood transfusion rate, and intensive care admissions. There
were also cases of death. Both procedures were challenging due to genitourinary reconstruction,
scoliosis and kyphosis, rib-cage deformity, lower limb contractures, and severe comorbidity which

also affected anesthesia. SFR was lower than in non-neurological patients.

Conclusions SWL, ureterolithotripsy, and PCNL should be considered challenging procedures in SNP
due to positioning issues, an increased risk of intra and peri-operative morbidity, and even mortality.
Computed tomography should be recommended to assess residual fragments as it becomes imperative
to minimize a re-intervention in SNP who should be preferably treated in referral centers.
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INTRODUCTION

The incidence of nephrolithiasis has increased world-
wide in the last twenty years with a prevalence rang-
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¢ extracorporeal shock wave lithotripsy ¢ spinal neuropathy

ing from 1-5% in Asia, 7-13% in North America,
and 5-9% in Europe [1]. Spinal cord neuropathy pa-
tients [SNP) have a greater risk of nephrolithiasis
due to multiple factors that increase the likelihood
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of developing urinary stones such as recurrent uri-
nary tract infections, chronic indwelling/intermittent
bladder catheterization, immobility with subsequent
bone resorption and hypercalciuria, lower levels
of urinary citrate, urinary stasis, and vesicoureteral
reflux [2]. Despite improvements in the manage-
ment of neurogenic bladder, 7% of spinal cord in-
jury patients develop their first kidney stone within
10 years after injury with a peak of incidence in the
first 6 months after trauma [3]. Yet, the recurrence rate
is also high in these patients with a reported rate
of 34% within 5 years of the first stone episode [4].
Current indications for the management of kidney
stones in SNP are the same as in non-neurological
patients. Depending on stone burden and location,
extracorporeal shockwave lithotripsy (SWL) or flex-
ible ureteroscopy are indicated in kidney stones up
to 2 cm, whereas percutaneous nephrolithotripsy
(PCNL) is preferred for larger stones [5]. An im-
portant consideration in SNP is the need for gen-
eral anesthesia as spinal anesthesia is difficult when
associated with a spinal deformity or for the risk
of inadvertently introducing spinal cord infection
[5]. A mid-stream urine specimen should always be
sent for culture and preoperative infections must
be treated [5]. However, mid-stream urine culture
is a poor predictor of postoperative sepsis, and
a pelvic urine culture or, even better, a stone culture
should be collected to predict the actual pathogen
in case of postoperative sepsis [6] considering that
SNP are at high risk of postoperative infections.
The present study aimed to perform a scoping review
on the outcomes of SWL, ureteroscopy, and PCNL
for ureteral and renal stones in patients with spinal
neuropathy.

MATERIAL AND METHODS
Literature search

A literature search was performed on 8* March 2023
using PubMed, EMBASE, and Google Scholar with
no date limit. The following term and Boolean op-
erators were used: (kidney stones OR renal stones
OR ureteral stones) AND (neurogenic bladder
OR paraplegia OR spinal cord injury) AND (shock
wave lithotripsy OR SWL OR retrograde intrarenal
surgery OR RIRS OR ureteroscopy OR percutaneous
nephrolithotripsy OR percutaneous nephrolithoto-
my OR PCNL)

Selection criteria

The PICOS (Patient, Intervention, Comparison,
Outcome, Study type) model was used to frame and

answer the clinical question: P: patients with spinal
cord neuropathy and kidney/ureteral stones; I: SWL;
ureterolithotripsy; PCNL. C: none; O: complications
and stone-free rate (SFR); stone composition. S: ret-
rospective, prospective, and randomized.

Study Screening and Selection

Studies were accepted based on PICOS eligibility
criteria. Preclinical and animal studies were exclud-
ed. Reviews, letters to the editor, case reports, and
meeting abstracts were also excluded. Only English-
language articles were accepted. Retrospective stud-
ies, prospective studies and prospective randomized
studies were accepted.

All retrieved studies were screened by two indepen-
dent authors through Covidence systematic review
software (Veritas Health Innovation, Melbourne,
Australia). Discrepancies were solved by a third au-
thor through discussion. The full text of the screened
papers was selected if found pertinent to the aim
of this review.

RESULTS
Literature screening

The literature search retrieved 316 papers. A total
of 68 duplicates were automatically excluded. Then,
248 papers were screened against title and abstract
and 195 papers were further excluded because they
were irrelevant to the purpose of the present review.
The remaining 53 full-text papers were screened for
appropriateness and 18 papers were excluded. Finally,
35 papers were accepted and included [4, 7-40]. Figure 1
shows the flow diagram of the literature search.

Study characteristics

All studies were retrospective. There were 5 stud-
ies focusing on SWL alone [14, 15, 38-40], 17
on PCNL alone [10, 12, 13, 16, 19-22, 24, 25, 27-33]
and 6 on ureteroscopy alone [8, 11, 17, 18, 26, 37].
The remaining studies concerned more than one pro-
cedure. Six studies compared SNP to non-neurologi-
cal patients [23, 26, 27, 30-32]. There was one pedi-
atric study [26]. Tables 1 and 2 show characteristics
of the included studies.

DISCUSSION
Stone composition

In the past, most kidney stones in SNP were infec-
tion-related, namely struvite stones, with urea-split-
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ting organisms such as Proteus mirabilis, Klebsiella
species, and Pseudomonas aeruginosa as the main
pathogens [2]. More recently, stone composition
has shifted from struvite to the more common cal-
cium phosphate as recent literature demonstrated.
Clifton et al. [21] and Ganesan et al. [34] found
calcium phosphate stones in 82.5% of paraplegic
and quadriplegic patients and 42% of patients with
multiple sclerosis, a rate much higher than in con-
trol groups (15%). This change may be attributed
to the improvement of bladder management tech-
niques, such as urological rehabilitation and the use
of intermittent catheterization instead of chronic
indwelling catheters which lead to a high percent-
age of infection stones [31]. Ileal-conduit diversion
and intermittent catheterization are associated with
less bacteriuria, especially from urea-splitting patho-
gens [36]. Even though struvite stones are still found
in a great proportion of SNP, the most prominent
crystal identified in this population is calcium phos-
phate. This can be explained by the increased level
of serum calcium and phosphorus in the first several
months following an injury during the immobiliza-
tion period by the mechanism of resorptive bone
disease which increase the risk of developing osteo-
porosis and a low bone mass [41]. The same mecha-
nism contributes to increasing urinary pH (between

5.6 and 7) which is a well-known factor of active
stone formation [31]. Compared with matched con-
trols, SNP are less likely to have calcium oxalate
monohydrate and dihydrate, calcium carbonate, uric
acid, or cystine stones [21, 34].

Outcomes of shock wave lithotripsy

SWL was for many years the cornerstone treatment
of kidney stones up to 2 cm in the largest diameter.
Though remaining an option in current guidelines,
the use of SWL has decreased both in

the general population [42] and SNP as demon-
strated by the presence of only 5 papers focusing
on SWL, all dating back to the 80s and 90s. Wahle et al.
treated 31 paraplegic and quadriplegic patients with
a total of 54 treatments performed on 42 kidneys,
with an average of 2,193 shocks per session [40]. Al-
most half of the patients required more than one ses-
sion: 8 patients needed two treatments, 3 patients
required three treatments and 3 more patients
had four treatments. Postoperative fever >38.5°C
occurred in 22% of the 54 sessions. Three months
after SWL, SFR was 25.8% but 79% of the stones
were reduced by more than 70%.

Lazare et al. performed SWL in 41 renal units
in 32 spinal cord injury male patients with a mean
stone burden of 2.9 cm [15]. The authors found
a good SFR of 78% after a single session but ancil-
lary procedures, including insertion of nephrostomy
tubes or double-J ureteral stents, were

required before SWL in 66% of cases. Yet, they
pointed out that partial staghorn stones required
a staged fashion treatment (i.e. 3-4 sessions) with
2,400 shock waves per renal unit per session. There-
fore, the authors argued that SWL was effective for
the treatment of unbranched and partial staghorn
stones only.

In another small series, Niedrach et al. performed
SWL in 11 SNP with a total of 19 treatments
in 13 renal units [14]. The average number of
shock waves per renal unit was 2,350 with a mean
power setting of 20 Kv. The main difficulty found
by the authors was the shadow of gas and stool
from the bowel which made it challenging to target
the stone. This was demonstrated by the fact that
3 months after treatment no patient was stone-free
and ancillary procedures post-lithotripsy were re-
quired in 10 renal units. Complications were mild
and there were no symptoms of autonomic dysre-
flexia episodes.

Robert et al. performed 63 SWL sessions on 23 kid-
ney/proximal ureteral stones in 15 spinal cord inju-
ry patients [39]. They demonstrated that SWL was
safe with no episode of autonomic dysreflexia and
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a few cases of gross hematuria occurred which how-
ever ceased spontaneously. Auxiliary procedures
were performed in two cases to remove ureteral stone
fragments with a Dormia basket. SFR was 53%. Con-
versely, Spirnak et al. had 2 cases of significant in-
traoperative hypertension in traumatic quadriplegic
patients with no anesthesia, despite no case of com-
plete clinical syndrome of autonomic dysreflexia oc-
curred [38]. Therefore, it is recommended that such
patients should be carefully monitored throughout
the treatment.

In summary, we found that SWL in this subset popu-
lation has a very poor outcome likely due to challeng-
es in patient positioning, stone visualization, localiza-
tion, inability to pass fragments spontaneously, and
need for anesthesia to prevent neuropathic events.

Outcome of ureteroscopy

Semirigid and flexible ureteroscopy for ureteral
and kidney stones have shown a good safety profile
and clearance rate in the general population. Ure-
teroscopy may be associated with more complica-
tions in SNP who are at higher risk of postopera-
tive infectious complications. This was confirmed
by Stauffer et al. who demonstrated that febrile
urinary tract infections following ureteroscopy
were significantly higher in patients with neuro-
genic bladder compared with control patients
(9% vs 1.4%, p = 0.01) with higher rates in those de-
pendent on bladder catheterization (12.5% vs 1.4%,
p = 0.003) [18].

Christman et al. compared ureteroscopy outcomes
for upper urinary tract stones of 20 pediatric pa-
tients with a neurogenic bladder with 127 controls
[26]. The neurological group had 22 stone episodes,
requiring a total of 45 ureteroscopy procedures,
while the control group had 138 stones episodes with
a total of 173 procedures required. Interestingly,
non-neurogenic patients had a significantly higher
percentage of pain associated with the stone episode
(84.7%) than bladder-neurogenic children (24%).
Conversely, the latter presented with a greater per-
centage of associated bacteriuria compared with con-
trols (67% vs 16.4%, respectively). Surgical time was
significantly longer in neurogenic patients. Similar-
ly, complications were more common in neurological
patients (25% vs 16.6%) than in controls, including
one death. Specifically, infectious complications were
again more frequent in the neurological population
(23% vs 5.8%) with a lower SFR (63% vs 83.6%).
Ureteroscopy in SNP can be challenging not only
for infectious complications but also for anatomical
variation such as lower limb contractures, access
via Mitrofanoff or suprapubic tracts, and increased

comorbidity [37]. Prattley et al. performed flex-
ible ureteroscopy for ureteral and kidney stones
in 21 spinal cord injury patients for a total of 41
procedures [37]. A ureteral access sheath was used
in 63% of cases. Seven patients required a repeat
ureteroscopy as a multistage approach due to the
level of stones. Postoperative outcomes were satis-
factory with a median postoperative stay of one day
(range, 0-9 days). Complications were acceptable
with 3 cases of sepsis, 2 cases of lower respiratory
tract infections, and one case of autonomic dysre-
flexia. Despite the use of baskets for active fragments
removal, SFR was low at 47%. At a median follow-up
of 46 months, stone recurrence occurred in 42%
of patients. Ensuring a complete stone clearance, i.e.
zero fragments, is essential in patients with a high
level of spinal neuropathy since immobility makes
the passage of residual stone fragments less likely.
This partly explains the higher risk of stone recur-
rence in such patients.

Tepeler et al. had similar results in a series of 19 pa-
tients with upper ureteral and kidney stones [17].
There were 3 major complications (1 sepsis and
2 respiratory failure) that required admission to
the intensive care unit. Single-stage SFR was 57.1%
and after additional ureteroscopy sessions, 66.6%
of the 21 renal units were finally stone-free.

The challenge of ureteroscopy in this popula-
tion was also confirmed by Wolfe et al. in a cohort
of 29 male patients who required an average
of 2.3 ipsilateral ureteroscopies because stone clear-
ance of any stone >4 mm after the first procedure
was only 34.3% [8]. Interestingly, 45.5% of patients
with residual fragments were secondary to techni-
cal or procedural limitations due to failure to iden-
tify or insert the ureteroscope through the ureteral
orifice (45%) and inability to successfully access
all of the stones (40%).

Some factors have been identified to be associated
with worse SFR. Morhardt et al. showed that pa-
tients with no preservation of sensory or motor func-
tion in the sacral segments S4-S5 [OR 0.16, 95% CI
0.03-0.82) and an average of 2.2 procedures per pa-
tient were associated with lower odds of stone-free
status (OR 0.83, 95% CI 0.03-0.32) [11].

Our review cautions urologists who perform flexible
ureteroscopy in these patients that apart from infec-
tious complications, they must be adequately pre-
pared for genitourinary anatomical challenges, often
superimposed with lower limb contractures, modify-
ing access approaches through reconstructed lower
tracts and, at times, even supported by percutaneous
approach. All of the aforementioned factors increase
the level of challenge and morbidity of a minimally
invasive approach.
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Outcomes of percutaneous nephrolithotomy

PCNL has become widely accepted as the preferred
approach for managing large kidney stones, even
in patients with anatomical anomalies of the kid-
ney, severe obesity, spinal diseases, and prior renal
surgery. However, most SNP present with immo-
bilization, altered body habitus, severe scoliosis
and kyphosis, rib-cage deformity, and often with
reconstructed urinary tracts already from child-
hood. All the aforementioned factors could play
a relevant role in performing PCNL. Prone PCNL
could cause restrictive lung disease and ventilation
difficulties and this problem is at least partly over-
come by supine PCNL which should be preferred
in such a patient [43]. Cautions must be paid
in scoliotic patients who should be placed in an ap-
propriate atraumatic position. Indeed, the short
distance between the rib cage and the iliac crest,
the curvature of the spine, the pelvic tilt, and the
lower limbs contracture may all make positioning
and access rather challenging due to a small win-
dow for percutaneous access in the prone position
[19, 44]. An interesting study by Chaudhry et al.
demonstrated the association between increasing
anatomic complexity and lower SFR in patients
with scoliosis and kyphosis [24]. Anatomic com-
plexity was assessed using the Cobb angle which
is the measurement between two lines drawn per-
pendicular to the superior and inferior vertebral
endplates of the curved spine segment. The au-
thors found that patients with worsening scoliosis
(median Cobb angle of 43°) had a lower SFR com-
pared with those having a lower median Cobb angle
(24°, p = 0.058) [24]. Alsinnawi et al. [20] suggested
paying particular attention to patient positioning in
case of spina bifida to maintain a safe anesthetic,
safeguard pressure points and maximize percuta-
neous access. The authors suggested using mal-
leable supports, in particular below the curved part
of the spine, and adhesive strapping to maintain
position and facilitate exposure of percutaneous
access. Despite these measures, they found that
the range of movement of the nephroscope was in-
adequate, in particular, in accessing upper calyces
[20]. The challenge of PCNL in SNP is additionally
demonstrated by the low rate of single-stage stone-
free status as demonstrated by several studies.
Nabbout et al. performed PCNL in 26 renal units
in 21 patients and found that SFR was low at only
53.8% after the first PCNL [25]. This result was
in line with studies by Sofimajidpour et al. [12],
Symons et al. [34], and Mitchell et al. [19] where-
by the SFR of a single-stage procedure was 53.1%,
62%, and 50%, respectively. These studies found

that multiple procedures were required to achieve
complete stone-free status in several patients and
this was mainly related to the presence of complete
staghorn stones in up to 30% of their series.

In a series of 23 patients, Rubenstein et al. found
that 6 patients required three or more procedures
to clear their staghorn stones [10], highlighting
that such patients should be counseled about the
necessity of more than one PCNL session to achieve
satisfactory stone clearance. This reveals that SNP
commonly present with a significant stone burden
which makes PCNL in this population more chal-
lenging. Also it is important to note that in most
cases surgery can last more than two hours [12].
Therefore, urologists should be ready to face these
situations with a variety of instruments and lith-
otripsy devices. The abnormal visceral anatomy
that may result from skeletal deformities may be
responsible not only for failure to access the kid-
ney in PCNL but also in visceral injury and both
such problems have been only partly attenuated
by supine PCNL. Indeed, visceral injury [12, 32]
pneumothorax, hemothorax, and hydrothorax [10,
16, 25, 28, 29, 32] are well-documented complica-
tions not only in historical series.

Compared to non-neurological patients, SNP demon-
strated significantly longer hospital stays, infectious
complications, and blood transfusion rates. Baldea
et al. performed a one-to-one matching based on age,
race, gender, presence of major comorbidities, and
preoperative urinary infections, and compared 1885
spinal cord injury patients with the same number
of non-neurological patients [27]. The former had
a significantly longer length of stay (mean 14.2 +22.1
vs. 9.6 £12.5 days, p <0.001). The authors also found
that spinal cord injury status independently increas-
es patient’s adjusted odds of both minor and major
complications and mortality.

In another comparative study, Torricelli et al. dem-
onstrated that surgical time was significantly lon-
ger in spinal cord injury patients (119.41 +45.58
minutes) compared to controls (141.00 *45.23,
p = 0.018) [30]. Again, the former had a significantly
longer postoperative stay (mean 5.8 £4.7vs. 3.1 £1.7
days, p = 0.002). In a historical series back in the
1990s, Culkin et al. compared 35 spinal cord injury
patients with 65 ambulatory patients; blood transfu-
sion rate was 48.6% in the former as opposed to 20%
in the latter [32]. Despite improved instruments and
surgical techniques, more recent series still found
a higher rate of transfusion in SNP [19, 30].
Undoubtedly, infections are among the most serious
complication following PCNL in SNP. Pneumonia
has been reported in many series with a rate ranging
from 3% [21, 29, 32, 33] to 5.1% [27]. Spine defor-
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mity and spinal neuropathy have also a detrimental
effect on lung function due to impairment of respi-
ratory muscles, ineffective cough reduced vital ca-
pacity, and reduction in chest wall compliance [45]
which could convert into prolonged intubation and
acute respiratory distress syndrome [29]. Postopera-
tive fever/urinary tract infections were commonly
reported ranging from 10.2% [30] to 25.5% [29]1, 34%
[13], and up to 58% [28]. Perirenal abscess formation
was also reported, despite being not common [10, 16,
32]. Sepsis rate with intensive care admission was
reported to range from 4% [28], 7.6% [27], 14.3%
[25], 17% [29] up to 26% [22]. The risk of postopera-
tive sepsis was found to be twofold higher in SNP
compared with non-neurological patients even when
controlling for the presence of preoperative urinary
infections [27]. The presence of multiple risk factors
for infections, such as indwelling catheters, neuro-
genic bladder, vesicoureteral reflux, and struvite
stones, predisposes this population to postoperative
sepsis. Delayed PCNL could be an option to reduce
the postoperative rate of sepsis. Eswara et al. evalu-
ated 35 patients with neuromuscular disorders and
assessed the difference in postoperative bacteremia/
sepsis between those who had or had not placed
a percutaneous nephrostomy tube at least 24 hours
before PCNL [22]. The rate of PCNL bacteremia/
sepsis was 14 % but patients undergoing same-day
surgery had a 26% rate of bacteremia/sepsis com-
pared to the group who had a preoperative nephros-
tomy tube which has no cases of it. There were also
reported several cases of death [29, 33] with a mor-
tality rate of up to 4.2% [27].

From our review, we infer that PCNL in SNP must
be approached with experience and caution. Apart
from positioning and anesthesia challenges, these
patients are at higher risk of intraoperative com-
plications related to bleeding, organ injuries, need
for multiple interventions, poorer SFR and, despite
the best precautions, postoperative sepsis and even
mortality are a reality. In the bargain for rendering
them stone-free, especially if associated with larger
stone burdens and infectious stones, a technically
challenging surgery can become a life-threatening
procedure and this needs to be clearly discussed due
to a reverberating impact on the psychosocial profile
of patients and caregivers alike.

Summary points

Our review provides a very succinct yet clear mes-
sage to urologists who manage patients with spinal
anomalies/deformities with or without associated
neuropathy. The three main challenges include:

A) Anatomical challenges: they may include physical
or bony or limb alterations as well as genitouri-
nary reconstructions.

B) Metabolic anomalies: there is an increased risk
of stone formation and recurrence with an equal
propensity for non-infectious and infectious
stones, especially when patients have neurogenic
bladders complicated by autonomic dysreflexia
when the spinal cord injury is associated with pa-
ralysis.

C) Interventional challenges: whether from simple
positioning issues or the need for multiple general
anesthesia for repeated interventions, there is an
increased risk of intra and peri-operative morbid-
ity and even mortality. Urologists should empha-
size there is no simple intervention. Any proce-
dure, including SWL, ureteroscopy and PCNL,
is far more challenging in this subset of patients
and should therefore be preferably carried out
in referral centers.

D) SFR assessment: we feel that a low-dose comput-
ed tomography scan should be recommended to
declare that patient is stone-free as in this sub-
set of patients it becomes imperative to minimize
a re-intervention.

Study limitations

We were unable to provide any recommendation
from a technical or technological standpoint as right-
fully for these patients one treatment does not fit all
and hence only a tailored approach may be the best
option [46].

CONCLUSIONS

SWL in SNP has a very poor outcome probably due
to challenges in patient positioning, stone visual-
ization and localization, and a high rate of residual
fragments. Challenges in ureteroscopy and PCNL
are linked to frequent difficulties in reaching the
stone due to anatomical anomalies, a significantly
increased risk of infectious complications, and the
need for repeat interventions under general anesthe-
sia. Also these potential problems need to be clearly
addressed during counseling. We feel that endoscop-
ic combined intrarenal surgery maybe be a possible
best approach for personalized care in these patients
and perhaps we need more studies to see if now is
the “prime time” for this modality in managing uro-
lithiasis in these patients [47].
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