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ABSTRACT 
Aims: To examine the number and types of urological surgical procedures carried out in a regional preva-
lence population of patients with traumatic spinal cord injury (SCI) during five decades, evaluate objective 
and patient-reported outcomes and to consider lessons learned for further improvement of surgical treat-
ment in this patient group.
Methods: In a cross-sectional study of 412 patients with traumatic SCI, one-third had undergone urologi-
cal surgery through a period of up to 50 years. Data on types of surgery, complications, follow-up and out-
comes were collected in a retrospective review of patient files. S-creatinine, S-cystatin-C, renal ultrasound 
and a questionnaire regarding complications during the preceding year were assembled as part of a yearly 
follow-up. Descriptive statistics were calculated. Logistic regression was used to determine risk profiles for 
the incidence of urological surgery.
Results: A total of 137 patients had undergone 262 urological surgical interventions. The incidence was highest 
amongst persons with a cervical-thoracic neurological level of spinal cord lesion and during the first 2 years after 
SCI. Surgery for urinary stones constituted 29% of all procedures. One-fourth of the patients had undergone 47% of 
all procedures, notably urinary diversion and ensuing complications, implants and revisions, repeated stone inter-
ventions or bladder outlet procedures. After reconstructive surgery functional outcomes and patient-reported 
satisfaction were generally favourable, but long-term signs of renal complications were frequent.
Conclusions: Urological surgery after SCI involves imperative as well as reconstructive procedures, some 
of which are challenging and call for centralisation to devoted teams. Prospective studies of reconstructive 
urology are warranted, including more extensive patient-reported outcomes.
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Introduction

The Stockholm Spinal Cord Uro Study [1] is a comprehensive 
survey of urinary tract function in a regional prevalence popula-
tion of patients with chronic traumatic spinal cord injury (SCI). It 
was carried out as a cross-sectional study based on a yearly 
check-up visit at the Spinalis out-patient clinic, including a 
national programme for follow-up of SCI complications, a 
regional programme for follow-up of neurogenic lower urinary 
tract dysfunction (NLUTD) post-SCI and a study-specific ques-
tionnaire on patient-reported complications of the urinary tract 
during the preceding year. The basic characteristics of the 
patient group have been presented [1], as well as separate 
reports on urinary tract infections (UTIs) [2] and the urodynamic 
follow-up of bladder and renal function [3]. In this article, we 
report on the history and outcomes of urological surgery in the 
regional prevalence population.

Patients with SCI are at risk for multiple complications of the 
urinary tract, where surgical treatment may become necessary 
or desirable. Imperative urological procedures are carried out 

due to severe infections, urinary stones and to secure efficient 
bladder voiding. Reconstructive surgery is performed with the 
aim of improving quality of life and reducing the risk of renal 
complications, spasticity and autonomic dysreflexia [4]. 
Indications for imperative procedures are usually health issues 
of a sub-acute nature, whilst reconstructive urology is aimed at 
relieving long-term complications.

Surgical treatment is one part of the comprehensive 
management of urinary tract function post-SCI and is applied 
in combination with pharmaceutical treatment, 
catheterisation and other technical aids [5]. During recent 
years, international guidelines [6–10] have been developed 
and now offer recommendations on some of the more 
common surgical procedures for incontinence and 
neurogenic detrusor overactivity (NDO). In this report, we 
summarise the changing patterns of surgical treatment 
during five decades and the outcomes of the most prevalent 
procedures, and discuss the lessons learned for further 
development and research.
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Material and methods

Participants

Participants in the Stockholm Spinal Cord Uro Study were 412 
men and women, aged 18 years or older, with a post-traumatic 
SCI for at least 1 year who attended a yearly check-up visit at the 
regional outpatient centre – the Spinalis clinic. All individuals 
were living in the greater Stockholm area and registered at the 
Spinalis clinic, which oversees follow-up for a vast majority of 
the regional SCI population. Amongst them, 137 patients had 
undergone urological surgical interventions at any time during 
the period from the event of traumatic SCI until 2009.

Methods

In the Stockholm Spinal Cord Uro study, we applied two pro-
grammes for follow-up of chronic SCI: a national Swedish pro-
gramme for follow-up of medical SCI complications [11] and a 
regional programme for NLUTD [1], complemented with a 
study-specific questionnaire regarding urinary tract complica-
tions during the preceding year [1]. Objective measurements 
and patient-reported data were collected, as previously 
reported [1]. Neurological levels and AIS grades of injury 
(American Spinal Injury Association [ASIA] Impairment Scale) 
were registered [12].

In the study-specific questionnaire and structured interview, 
a history of urological surgery was obtained as well as the 
current method of bladder management, pharmacological 
treatment, patient-reported frequency of UTI, other 
complications of the urinary tract, self-reported satisfaction 
with previous surgery and current method of voiding. Patient 
files were retrospectively reviewed for records of surgery, 
complications and re-operations, follow-up of renal function 
and patient-reported outcomes during previous years.

In the regional follow-up programme, signs of renal 
complications were elevated levels of S-creatinine and/or 
S-cystatin-C, reduced values of cystatin-C-related glomerular 
filtration, ultrasound verified dilatation of upper urinary tracts 
and/or pathology of renal parenchyma, as described in a 
previous article [1]. An important aim of the follow-up 
programme was to make it patient friendly and at the same 
time accurately informative for medical evaluation. S-cystatin-C 
was chosen as a screening tool as it has been shown to give a 
good representation of glomerular filtration with high 
sensitivity and specificity in patients with SCI [13]. In clinical 
cases of uncertainty, a nephrologist was consulted, and iohexol 
clearance would sometimes be used as a standard reference.

Data analyses

Data were analysed using SPSS for Windows 28 software (IBM 
SPSS Statistics for Windows, Version 25.0; IBM Corp., Armonk, 
NY) Descriptive statistics were calculated. Logistic regression 
was used to determine risk profiles for the incidence of urologi-
cal surgery.

Results

Amongst the 412 patients in the total study population, 137 per-
sons (surgery population) had undergone urological surgery 
with a total of 262 procedures through 1960–2009.

Patient characteristics of the total study population, the 
surgery sub-population and the non-surgery sub-population 
are presented in Table 1. Age and gender distribution were 
similar between the surgery and the non-surgery population. In 
the surgery population, SCI duration was longer by a mean 7.6 
years, and the proportion of patients with an SCI classification 
C1–C8 AIS A-C was twice that of the non-surgery group. The 
proportion of patients with T1–S3 AIS A-C was also higher, whilst 
patients with an AIS D lesion at any level were found at 25% in 
the surgery group and 75% in the non-surgery group.

The number and types of urological surgical interventions, 
indications for procedures and time periods when the various 
types of surgery were conducted are summarised in Table 2 and 
Figure 1.

Characteristics of SCI lesions for various types of surgery are 
illustrated in Figure 2.

Length of follow-up, laboratory, radiological and patient-
reported outcomes are presented in Table 3.

The gender ratio for all surgical procedures was 81% 
men/19% women. For urinary diversions and continence 
procedures with implants, the ratio was 57% men/43% women.

Primary surgery was performed at a median of 3 years after 
SCI with 50% occurring within 2 years. These procedures were 
almost exclusively sphincterotomies, insertion of a suprapubic 
catheter or bladder stone extractions. The latest surgical 
procedure was carried out at a median of 7 years post-SCI with a 
wide range of 1–50 years. More than half of all procedures after 
more than 10 years were stone procedures and revisions of 
urinary diversions or implants.

Indications for imperative surgery were symptomatic urinary 
stones, severe infections and to ensure efficient voiding by 
suprapubic catheter. These interventions constituted 53% of all 
urological operations.

The first surgery for bladder stones was conducted up to 45 
years post-injury. Sixteen patients had recurring stone formation 
in the upper or lower urinary tracts during a median of 23.5 
years. Amongst all patients who underwent stone surgery, 40% 
changed bladder management. Half of these changes were 
chronologically associated with stone surgery and included a 
transition from bladder reflex triggering to sphincterotomy, 
suprapubic catheter or urethral indwelling catheter. None of 
these patients had a recurrence of urinary stones.

Kidney infections resulting in nephrectomy were in all cases 
the result of chronic renal stone formation. Scrotal abscesses 
and gangrene were caused by epididymitis or pressure ulcers. 
Cystectomy/urethrectomy after urinary diversion was carried 
out due to chronic symptomatic infections.

Sphincterotomy was performed as a single procedure in 7 
men and supplemented by repeat sphincterotomy, bladder neck 
incision or transurethral resection of the prostate (TUR-P) in 
4 men. The patient-reported outcomes when all patients voided by 
condom catheter were retrieved from file records: independence 
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was rated as good by all patients. On follow-up at a median of 26 
years, 4 patients had switched to CIC, urinary diversion or 
suprapubic catheter. 50% had signs of renal complications.

After urinary diversion by suprapubic catheter or 
reconstructive diversion, the functional outcome was reported 
as ‘good’ or ‘very good’ by 80%. Enhanced independence and 
ease of voiding were stated by all patients. Five patients had 
undergone reconstructive hand surgery in preparation for a 
continent diversion with a catheterisable outlet. Renal 
complications and metabolic alterations after reconstructive 
diversions are displayed in Table 3. Revision surgery due to 
complications was relatively common (Table 2).

Follow-up of continence procedures with implants at a 
median of 8 years displayed that 6/9 patients (67%) had 
undergone one or two additional continence procedures. Six 
patients were continent. Urinary diversions and continence 
procedures were performed by a limited number of surgeons at 
one university hospital.

The incidence of surgical treatment and types of procedures 
were related to the neurological level, severity and duration of 
the SCI, as illustrated in Figure 2 and Table 2. The relative risk (RR) 
of urological surgery in the total study population was 0.5. 
Amongst patients with a cervical-thoracic neurological level of 
lesion and AIS grades A–C, the RR was 0.87, and for patients with 
an AIS D lesion, it was 0.13. The odds ratio (OR) was 6.75 for any 
kind of urological surgery amongst patients with a cervical-
thoracic level of lesion and AIS grades A–C versus an AIS D 
lesion. There was no difference with age at the time of the SCI.

One-fourth of the patients in the surgery group had ≥3 
procedures, most frequently urinary diversions with ensuing 
revisions, recurring urinary stones or multiple bladder outlet 
procedures. Amongst these patients, 59% had developed signs 
of renal complications after a median follow-up of 18 years.

The development of surgical procedures during the period 
1960–2009 is illustrated by our data. The earliest bladder outlet 
procedure was a bladder neck resection in 1961, followed by 
sphincterotomies predominantly 1973–1994 and suprapubic 
catheters from the mid-1990s. Reconstructive urinary diversions 
were performed from 1972 with incontinent diversions during 
the entire period. Continent urinary reservoirs were carried out 
predominantly 1986–2001 and then generally replaced by 
bladder augmentation with/without a catheterisable outlet. 
One sacral anterior root stimulator was implanted in 1993 and 
one in 2001. Continence implants were used from 1992.

Treatment of bladder stones was carried out as open 
procedures in the early 1960s but from the mid-1960s as 
transurethral lithotripsy. Upper urinary tract stones were 
extracted via open surgery until the mid-1980s, and then 
extracorporeal shock wave lithotripsy (ESWL) and endoluminal 
methods took over. Nephrectomies and orchiectomies due to 
severe infections occurred sparsely during the 1970s–1990s but 
not after the year 2000.

Discussion

This study illustrates the trends and development in the surgical 
management of NLUTD after traumatic SCI in Sweden through 
50 years and provides an insight into the objective and 
patient-reported outcomes. The types of surgery are in accord-
ance with other reports in the international literature from 
corresponding periods of time [14–18]. During the 1960s, scien-
tific and clinical awareness increased of the negative impact of 
SCI-related NDO on renal function. Consequently, bladder out-
let surgery was popularised in SCI men. Sphincterotomy was 
established as an efficient way of alleviating high intravesical 

Table 1.  Patient characteristics of the total population in the Stockholm Spinal Cord Uro Study, the surgery sub-population and the non-surgery sub-
population. Data collected 2021 on surgery conducted 1960–2009 and follow-up until 2021.
Patient characteristics Total study population, n = 412 Surgery population, n = 137 Non-surgery population, n = 275

Age, years, mean, median (SD)/range 49.1, 49 (14.7)/18–88 49.5, 48 (14.5)/20–83 48.9,50(14.6)/18-85
Male/female, n (%) 320 (78)/92 (22) 108 (79)/29 (21) 212 (77)/63 (23)
SCI duration, years, mean, (SD)/range 16.4 (11.8)/1–51 18.5, 15 (12.3)/1–52 14.9, 12(11.2)/1–48
Neurological characteristics of SCI, n (%)
Neurological level C1–C4, AIS grades A–C 37 (9) 31 (23.5) 5 (2)
Neurological level C5–C8, AIS grades A–C 83 (20) 44 (32) 39 (14)
Neurological level T1–S3, AIS grades A–C 149 (36) 44 (32) 105 (38)
AIS D at any neurological level 143 (35) 18 (12.5) 126 (46)

412 (100) 137 (100) 275 (100)

SD: Standard deviation; SCI: spinal cord injury. 
Neurological level C1–C4 = cervical neurological level of spinal cord lesion C1, C2, C3, or C4.
Neurological level C5–C8 = cervical neurological level of spinal cord lesion C5, C6, C7, or C8.
Neurological level T1–S3 = thoracic or sacral neurological level of spinal cord lesion at any level T1–T12, S1, S2, or S3. 
American Spinal Injury Association (ASIA) Impairment Scale (AIS) grades:
A Complete. No motor or sensory function is preserved in the sacral segments S4–S5
B Incomplete. Sensory function preserved but not motor function is preserved below the neurological level and includes the sacral segments S4–S5.
C Incomplete. Motor function is preserved below the neurological level, and more than half of key muscles below the neurological level have a muscle grade 
less than 3.
D Incomplete. Motor function is preserved below the neurological level and at least half of key muscles below the neurological level have a muscle grade of 
3 or more 
The surgery population includes 35 patients who had an insertion of a suprapubic catheter as the only urological procedure.
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filling pressures and, with a condom catheter, securing social 
continence. The development of antimuscarinic medications 
during the 1980s and the introduction of CIC [19], however, 
encouraged many SCI men to aim for continence without the 
condom catheter, and sphincterotomy declined in frequency. 
The sacral anterior root stimulator was offered as a new treat-
ment option in Sweden from 1990. Excellent results were 
reported by the very few patients in our study who had the stim-
ulator implanted. Around 15 patients were screened for the 
implant, but interest remained low due to the dorsal rhizotomy 
involved in the procedure where reflex sexual function would be 
lost. During the late 1980s and the 1990s, continent urinary 

reservoirs were introduced and became popular as a way of 
eliminating the problem of NDO and providing continence and 
ease of voiding by catheterisation through an abdominal stoma. 
Long-term results, however, revealed that re-operations and 
metabolic complications were frequent, and renal dysfunction 
was not uncommon with time [15, 20]. Continent reservoirs 
were then largely replaced by bladder augmentation where the 
ureteral orifices in the bladder are kept intact, and the upper uri-
nary tracts remain more protected. The augmented bladder 
with or without a catheterisable outlet is now seen as the recon-
structive standard for SCI patients world-wide [5]. Incontinent 
urinary diversion has maintained its place as a useful option for 

Figure 1.  Types of urological surgical procedures and relative proportions.

Figure 2.  Spinal cord injury characteristics, number of patients, and number and types of urological surgical procedures. 
SCI = spinal cord injury C1-C4 = cervical neurological level of spinal cord lesion C1, C2, C3, or C4.  C5-C8 = cervical neurological level of spinal cord lesion C5, 
C6, C7, or C8. T1 - S3 = thoracic or sacral neurological level of spinal cord lesion at any level T1-T12, S1, S2, or S3.
American Spinal Injury Association (ASIA) Impairment Scale (AIS) grades: A Complete. No motor or sensory function is preserved in the sacral segments 
S4-S5. B Incomplete. Sensory function preserved but not motor function is preserved below the neurological level and includes the sacral segments S4-S5.                                                                          
C Incomplete.  Motor function is preserved below the neurological level, and more than half of key muscles below the neurological level have a muscle grade 
less than 3. D Incomplete.  Motor function is preserved below the neurological level and at least half of key muscles below the neurological level have a 
muscle grade of 3 or more 
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patients who do not wish or are unable to perform self-catheter-
isation independently. During the last two decades, the increas-
ing use of botulinum toxin has advanced the treatment of NDO 
and reduced the need for reconstructive urology [21].

The incidence of stone surgery increased through the study 
period. The introduction of follow-up programmes [1, 11] led to 
the discovery of more stones at an early stage, and serious 
infections could be avoided. Surgery evolved into less invasive 
methods, sparing renal function and reducing complications. 
There were no instances of nephrectomy due to stones with 
chronic infection after the year 2000.

Follow-up after reconstructive urinary diversion 
demonstrated good results for patient-reported satisfaction 
and independence of voiding. Outcomes on the rate of UTIs and 
incontinence were variable, whilst objective outcomes on long-
term renal complications were discouraging. Other studies from 
Scandinavia including mixed populations with NLUTD and non-
NLUTD have also reported significant improvements in health-

related quality of life [22, 23]. Follow-up for up to 5 years revealed 
no signs of renal deterioration as evaluated by renal clearance 
studies [23]. International reviews [5, 24] state similar findings, 
but follow-up periods are limited. Our follow-up was more 
extensive with a median of 13 years and included evaluation by 
S-cystatin-C. These factors may account for a higher prevalence 
of renal impairment. Reconstructive urinary diversion was carried 
out by a limited number of experienced surgeons; however, a 
devoted team that brought together knowledge on the technical 
surgical aspects, the specifics of the neuro-urological 
pathophysiology after SCI and the importance of close follow-up 
evolved gradually from the late 1990s. This may account for a 
high frequency of re-operations during the earlier period.

Follow-up after sphincterotomy demonstrated that 
independence was achieved and appreciated by patients, 
although repeated procedures were necessary in some cases, 
and recurrent UTIs were common. The rate of long-term renal 
complications was high. In a larger study, Pan et al found a single 

Table 3.  Follow-up. Objective and patient-reported outcomes.
Type of urological surgical 
procedure, number of 
patients, n

Follow-up, years, 
mean/median/ 

(range)

Outcome, objective Blood 
chemistry and radiology

Outcome, patient-reported

Signs of renal complications n (%) UTIs ≥3 during preceding year, n (%) Incontinence

Recurring stone surgery 16 10.3/5/(1–46) 7/16 (44) 7 (44) 0 50%

1 25%

2 25%
Bladder outlet procedures 22 19.0/19.5/(3–50) 4/22 (18) 9/20 (=excluding 2 patients who later 

had urinary diversions) (45) 
0 25%

1 15%

2 20%

3 40%
Insertion of suprapubic 
catheter 45

8/45 (18) 14/45 (31) 0 49%

1 33%

2 11%

3 7% 
Urinary diversions 30 13,6/12,5/(1–38) 18/30 (60) 

Metabolic alterations 5/30 (17) 
10/30 (33) 0 70%

1 10%

2 7%

3 13%
Continence procedure with 
the use of implants 9

10/8/(3–28) 0/9 (0) 2/8 (=excluding 1 patient who later had 
a urinary diversion) (25)

0 25%

1 0 % 

2 75%

3 0 %
Severe infections 16 17.4/16/(4–34) 8/16 (50) 4 (25) 0 81%

1 0 %

2 6%

3 13%
Severe infections excluding 
cystectomy/urethrectomy 
following urinary diversion 12

16.3/14.4/(7–33) 4/12 (33) 3 (25) 0 83%

1 0 %

2 0 %

3 17%
All patients 17.0/14.5/11.3 (1–50) 

UTI: urinary tract infections.
Recurring stone surgery is defined as >2 stone procedures, including bladder, renal and ureteral stones, but not stones in a continent urinary reservoir.                                       
Metabolic alterations include deficiency of vitamin B12 and folic acid, derangement of electrolytes, metabolic acidosis. UTI = urinary tract infection                                                                                                
Incontinence: 0=continent, no need for protective appliances 1= incontinence episodes on average once a month 2= incontinence episodes on average 
once a week 3= incontinence episodes on average > 1 per day
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procedure permanently successful in 32%, and a second 
procedure was needed in 36%. Recurrent UTIs, recurrent 
detrusor-sphincter dyssynergia and upper urinary tract 
dilatation were noted in two-thirds, but S-creatinine levels 
remained normal in all patients over a period of up to 20 years 
[25]. Our follow-up period was longer with a median of 19 years 
(range 3–50 years), and the evaluation of renal function included 
the more sensitive S-cystatin-C. The number of sphincterotomy 
patients in our study is small, including only those patients who 
were registered at the Spinalis clinic from 1991 onwards when 
the frequency of this operation was already in decline. The 
operations were executed by two surgeons. It is possible that 
more sphincterotomies were carried out earlier, but it is also 
likely that the procedure was not offered to all who could have 
benefitted as there was no organised follow-up of medical 
complications after SCI prior to 1991.

Patient-reported functional outcomes after urinary diversion 
as well as sphincterotomy seem to indicate a significant sense of 
positive trade-off despite the repeated surgeries and 
complications with some procedures.

Amongst patients who had ≥3 urological procedures, a 
majority had developed signs of renal complications. These 
patients had a higher neurological level and severity of injury 
and were a priori at greater risk for kidney impairment [1, 26]. 
Repeated surgery may have increased the strain on renal 
function. Urodynamic monitoring was not always carried out 
appropriately before and after surgery, and risk factors for renal 
function may have been missed [3]. SCI duration, patient age 
and cardiovascular or metabolic co-morbidity are additional 
factors that may have affected renal function during the follow-
up period [1, 3]. 

Rates of UTI, urolithiasis and severe infections such as 
urosepsis co-vary with higher neurological level and severity of 
SCI and with different types of bladder management [3]. In a 
recent publication, urosepsis was fatal in 14% of community-
acquired infections [27, 28] in the general population. Substantial 
reduction of these risks and complications should be the goal of 
urological surgery after SCI. There is a lack of infection-related 
outcomes as well as patient-reported outcomes in the literature. 
Prospective studies are highly warranted to gain a better 
understanding of which surgical interventions may provide the 
best risk reduction for severe infections and optimal functional 
improvements for persons with SCI [29].

We support that reconstructive urological treatment should 
be concentrated to specialised centres. SCI rehabilitation in 
Sweden has recently been concentrated to four national highly 
specialised centres, which may facilitate future coordination of 
research and method development in many aspects of 
rehabilitation, including urological surgery. 

This study has several limitations. It is based on our original 
cross-sectional study [1], where inclusion took place in 2007–
2010, and 75% of the regional prevalence population is covered. 
Surgery conducted until 2009 is included here with follow-up 
until 2021. Patients who lived in the area prior to 2007 or 
declined participation in the original study are not included. The 
Spinalis clinic was established in 1991 as the first regional follow-

up centre in Sweden for persons with SCI. A comprehensive 
inventory of past medical history was taken for each patient 
who chose to register, and further medical details were 
subsequently registered at yearly check-up visits [14]. File 
records are nearly complete for urological surgery from 1991 
onwards, but some interventions may have been missed if not 
reported by the patients. For the years antecedent to 1991, non-
computerised file records of surgery were not always available. 
Since our original study in 2007–2010, the population in the 
Stockholm area has increased as well as the number of patients 
at the Spinalis clinic. Urological surgery has generally developed 
into more minimally invasive procedures, and robot-assisted 
laparoscopic surgery has become firmly established. This study 
is not fully representative of the regional patient population and 
the procedures of today but offers an understanding of the 
development of surgical treatment for persons with SCI through 
50 years, including long-term outcomes and lessons learned.

Conclusions

One-third of the patients in the regional population had urolog-
ical surgical interventions during a period of up to 50 years. 
Deterioration of renal function was common after repeated sur-
gery. Therefore, follow-up in this patient group must be diligent 
and life-long. Centralisation of complex procedures to devoted 
teams is important. Prospective studies of urological surgical 
treatment after SCI are warranted with a focus on patient-re-
ported outcomes as well as long-term renal safety.
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