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Bladder stones in patients with spinal cord injury:
a long-term study

P Bartel1, J Krebs2, J Wöllner1, K Göcking1 and J Pannek1

Study design: Retrospective follow-up study.
Objectives: To assess the occurrence of bladder stones in patients with spinal cord injury (SCI).
Setting: Single SCI rehabilitation center in Switzerland.
Methods: We searched our database for SCI patients who had undergone surgery due to bladder stones between 2004 and 2012. In
all patients retrieved, personal characteristics, bladder management, bladder stone occurrence and time to stone formation/recurrence
were recorded.
Results: We identified 93 (3.3%) of 2825 patients with bladder stones, 24 women and 69 men, with a mean age 50 years (17–83)
years. We observed bladder stones in patients with suprapubic catheter (SPC) in 11% (50/453), transurethral catheter (TC) in 6.6%
(5/75), with intermittent catheterization (IC) in 2% (27/1315) and with reflex micturition (RM) in 1.1% (11/982), respectively. The
mean time period to stone development was 95 months. The TC group had the shortest time interval (31 months), followed by the SPC
group (59 months), individuals performing IC (116 months) and RM (211 months), respectively. Bladder stone recurrence rate was
23%. Recurrences were most frequent in the TC group (40%), followed by SPC (28%) and IC (22%), whereas no recurrences
occurred in the RM group. Time to recurrence was shortest in the SPC group (14 months), followed by the IC (26 months) and the TC
group (31 months), respectively.
Conclusion: In SCI patients, bladder management has an important role in the development of bladder stones. Indwelling catheters
(TC/SPC) are associated with the highest risk to develop bladder stones and therefore should be avoided if possible. If unavoidable,
SPC are superior to TC.
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INTRODUCTION

After spinal cord injury (SCI), the loss of sensory and motor function

can lead to secondary urologic complications, such as neuro-

genic lower urinary tract dysfunction (NLUTD).1 NLUTD is

associated with the risk for several urologic complications including

renal failure, bladder cancer, urinary tract infection, incontinence,

and morphologic alterations of bladder and urethra.2

In addition, bladder stones are a frequent complication of NLUTD.
Generally, the risk to develop bladder stones is increased due to

recurrent urinary tract infections with urease-producing organisms,

incomplete bladder emptying, and use of permanent catheters,

immobilization and hypercalcuria.3,4 Bladder stones can cause

recurrent urinary tract infections, hematuria, and catheter blockage

and bladder irritation with autonomic dysreflexia in SCI patients with

a level of injury above T6.5

The optimal bladder management should prevent secondary
complications and ensure patients quality of life.6 Today, modern
bladder management has substantially reduced morbidity and
mortality of NLUTD. Therefore, the number of bladder stones
should be substantially reduced in SCI patients with state of the art
bladder management7 compared with patients with indwelling
catheters. This study aims to determine the occurrence of bladder

stones and the possible association with the type of bladder
management in SCI patients.

MATERIALS AND METHODS
In a retrospective study, the charts of all SCI patients treated at our

institution between 2004 and 2012 were reviewed to identify those with

bladder stones.

In general, we found bladder stones in regular yearly follow-up, by

ultrasound or videourodynamics. In symptomatic patient, we performed

ultrasound immediately. If there were some unclear findings we performed

cystoscopy. All bladder stones were treated by endoscopic lithotrypsy, without

open surgery under general anesthesia. We excluded sludge from the study,

which could be ‘washed out’ during cystoscopy.

If patient changed their method of bladder emptying and new yearly follow-

up showed a stone, then we associated the stone to this new method. Patients

were excluded if they were lost to follow-up or underwent major urologic

surgery (augmentation, Brindley stimulation), at all 14.7% patients (487/3312)

were excluded. We included all patients with bladder stones that required a

surgical procedure for stone treatment. Demographic characteristics and

clinical features were investigated.

Each patient was categorized by bladder management, such as intermittent

catheterization (IC), reflex micturition (RM), suprapubic catheter (SPC) and

transurethral catheter (TC).
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We evaluated the association between bladder management and bladder

stone occurrence, time to stone formation and time to stone recurrence.

The study had been approved by the local ethical committee.

RESULTS

From the 3312 SCI patients in our database between 2004 and 2012,
2825 patients were included in our analysis and 93 SCI patients were
diagnosed with bladder stones requiring surgical removal. Table 1
gives an overview about demographic and clinical features. Bladder
stone occurred three times more in male than in female. Patients with
bladder stone with cervical and thoracic lesion emptied there bladder
mostly by SPC and TC (52/93) as against IC and RM (31/93). We
found mostly yellow compact stones. All our analyzed stones consist
of struvite or apatite stones, which can be classified as infect-related
stones and in 20% with small part of calcium-oxalat. Overall, SCI
patients emptied their bladder between 2004 and 2012 by IC 46.5%
(1315/2825), RM 34.8% (982/2825), SPC 16.0% (453/2825) and TC

2.6% (75/2825). Bladder stones occurred in 2.8% of the patients. We
observed bladder stone by SPC in 11% (n¼ 50/453), by TC in 6.6%
(n¼ 5/75), by IC in 2% (n¼ 27/1315) and by RM in 1.1% (n¼ 11/
982), respectively (Table 2). We detected more bladder stones in SCI
patients using indwelling catheters like SPC and TC 10.4% (55/528)
than without using like IC and RM 1.65% (38/2297).
The shortest period to stone development was found in patients

with TC 31 (5–84) months and with SPC 59 (2–199) months,
the longest time interval was found in patients performing IC 116
(2–480) months and RM 211 (7–606) months (Table 3).
We observed a bladder stone recurrence rate of 23% after 19 (2–79)

months, most frequently in the TC group (40%), followed by the SPC
group (28%) and patients with IC (22%), whereas no recurrence was
found in patients with RM. The shortest time to recurrence was
detected in the SPC group 14 (2–48) months, followed by persons on
IC 26 (4–79) months and patients with TC 31 (3–60) months
(Table 4).

DISCUSSION

Bladder stones are a common urological complication in patients
with NLUTD.4 Nevertheless, data in literature are contradictory.
Linsenmeyer et al.5 noted that bladder stones are the second most
frequent urological complication in patients with SCI. Chen et al.8

observed that the 5-year cumulative incidence rate of an initial
bladder stone decreased from 29% (1973–1977) to 8% (1992–1996).
The incidence of bladder stones varies depending on the bladder

management. Particularly indwelling catheters are associated with a
higher risk of stone formation. Ord et al.9 reported an absolute
annual risk of bladder stone formation in SCI patients with
indwelling catheters of 4% compared with a rate of 0.2% for those
on intermittent self-catheterization. The bladder stone incidence was
not significantly different between patients with suprapubic or
urethral catheters.10,11 Ku et al.12 determined that bladder stones

Table 1 Demographic and clinical features: n¼93 SCI patients with

bladder stones

Age (year) Mean 50 Range 17–83
SCI—time (year) Mean 9.5 Range 0.3–62.9

Gender, n (%)

Male/female 69 (74.2)/24 (25.8)

Etiologic factor, n (%)

Trauma/MS/othera 74 (79.6)/10 (10.7)/9 (9.7)

AIS classification, n (%)

AIS—A/B/C/D 53 (57.0)/22 (23.6)/13 (14.0)/5 (5.4)

Completeness of injury, n (%)

Complete/

incomplete

75 (80.6)/18 (19.4)

Level of injury, n (%)

C/T/L/S 34 (36.6)/49 (52.7)/9 (9.7)/1(1.0)

Prophylactic measures, n (%)b

TC/SPC/IC/RM 4/5 (80.0)/43/50 (86.0)/22/27

(81.5)/8/11 (72.7)

Abbreviations: AIS, American Spinal Cord Injury Association Impairment Scale; C, cervical; IC,
intermittent catheterization; L, lumbal; MS, multiple sclerosis; RM, reflex micturition; S, sacral;
SCI, spinal cord injury; SPC, suprapubic catheter; T, thoracal; TC, transurethral catheter.
aOther categories include Guillian Barre, Myelomeningocele and Morbus Parkinson.
bProphylactic measures include L-methionin, bladder irrigation, cranberry, anticholinergics and
antibiotics.

Table 2 Methods of bladder management in patients developing

stones

Bladder management Patient Bladder stone

n n %

Transurethral catheter 75 5 6.6

Suprapubic catheter 453 50 11

Intermittent catheterization 1315 27 2

Reflex micturition 982 11 1.1

All 2825 93 3,3

Table 3 Time to bladder stone formation stratified by bladder

management methods

Bladder management Mean in months Range in month

From To

Transurethral catheter 31 5 84

Suprapubic catheter 59 2 199

Intermittent catheterization 116 2 480

Reflex micturition 211 7 606

All 95 2 606

Table 4 Recurrence of bladder stones stratified by different bladder

management methods

Bladder management Recurrence Follow-up time

Months (range)

n % Months (range)

Transurethral catheter 2/5 40 31 (3–60) 20 (2–39)

Suprapubic catheter 14/50 28 14 (2–48) 26 (1–81)

Intermittent catheterization 6/27 22 26 (4–79) 28 (1–71)

Reflex micturition 0 0 0 32 (1–100)

All 22/93 23 19 (2–79) 26 (1–100)
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were more common in patients with urethral catheters than in those
without. Hansen et al.13, however, did not detect significant
differences regarding bladder stone formation between the different
bladder-emptying methods.
De Vivo et al.14 estimated that 36% of patients with indwelling

catheters develop bladder stones within 8 years. Nagashima et al.15

found that indwelling catheters for longer than a month were a risk
factor for bladder stone formation in SCI patients.
Our study demonstrated bladder stone by SPC in 11%, by TC in

6.6%, by IC in 2% and by RM in 1.65%. We can conclude that
bladder stones in SCI patients used indwelling catheters like SPC and
TC more common (10.4%) than without, using like IC and RM
(1.1%).
In addition, the development of bladder stones in SCI patients

seems to depend on the duration of SCI. Hansen et al.13 described the
highest risk for bladder stones within the first 6 months post-injury.
According to De Vivo et al.14, bladder calculi were most likely to
develop within the first year after injury and in younger patients
within 2 years of hospital discharge. We found a low occurrence of
bladder stones in our patients (2.8%), which, however, increased in
the last years. One possible explanation is the aging of the SCI
patients that we followed up, which, because of the increasing
morbidity of the ageing persons, leads to a higher rate of bladder
management with indwelling catheters. This must be taken into
account when following up SCI patients in order to early identify and
to avoid complications by bladder stones.3

The retrospective nature is one of the major drawbacks of our
study, as it did not allow evaluating the incidence and the causative
organisms of urinary tract infections in the patients with bladder
stone formation. As all patients presented with urinary tract infection
at the time of stone surgery, it is virtually impossible to state if these
infection were cause or consequence of the bladder stones, as it is well
known that urinary tract infections, especially with urease-producing
bacteria, may lead to stone formation. Our stone analysis showed
100% infect-related stones supported that in case of recurrent urinary
tract infections a stone must be excluded. As 470% of all SCI
patients present with significant bacteriuria16 and in 92.8% in patients
with SPC irrespective of bladder stone formation.17 The impact of
chronic bacteriuria on stone formation should be assessed in a
prospective study. In addition, we did not evaluate other important
risk factors for the development of bladder stones in SCI patients, like
immobilization or hypercalcuria. Another limit of our study was that
each patient was categorized by a predominant bladder management,
defined as the method used for the majority of time since injury with
a minimum of 1 year.
If a SCI patient already had a bladder stone, the risk for recurrence

is increased. Reasons for this may be pre-existing risk factors,3,4 in
particular bladder management, that were not altered after removal of
the bladder stone. Hansen et al.13 found that during follow-up 14%
had at least one episode of bladder stone recurrence. Those patients
not having suffered from bladder calculi within the first 2 years after
SCI have a 5% risk of stone formation during the following 43 years.
Ord et al.9 described a 16% risk for stone recurrence per year. In our

study, bladder stone recurrence occurred in 23%, most common in
patients with indwelling catheters, most frequent in those with TC,
followed by those with SPC. Bladder stones recurred twice as fast in
the SPC group than in the TC group.
These data suggest that an optimized bladder management, with-

out indwelling catheters, can aid in preventing recurrence of bladder
stones in SCI patients.

CONCLUSION

In SCI patients, bladder management has an important role regarding
the development of bladder stones. Therefore, indwelling catheters
should be avoided if possible. An optimized bladder management
seems to be associated with a low occurrence of bladder stones in SCI
patients.
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