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Objectives
To investigate long-term urodynamic findings in patients with
spinal cord injury (SCI) with neurogenic lower urinary tract
dysfunction (NLUTD).

Patients and Methods
A consecutive series of 246 patients with SCI (≥5 years since
injury) and NLUTD were prospectively evaluated at a single
university SCI centre. Data of the latest and earliest available
urodynamic investigation were compared.

Results
Most of the patients had a thoracic SCI and American Spinal
Injury Association (ASIA) impairment scale of A. The mean
(SD) duration of SCI to the latest available urodynamic
investigation was 17 (10) years and the mean patient age was
51 (14) years. At the earliest and latest available urodynamic
investigation, more than half of the patients relied on
intermittent self-catheterisation. During the course of disease,
there was a relevant increase of patients undergoing

onabotulinumtoxinA injections into the detrusor from 12% to
33%. Urodynamic findings at the earliest and latest available
urodynamic investigation were within the safe limits and there
were significant differences between both groups for
maximum cystometric capacity (P < 0.001), compliance (P <
0.001) and maximum detrusor pressure during storage phase
(P = 0.008). Vesico-uretero-renal reflux was detected in ≈5%
and it was generally low grade.

Conclusions
Most of our regularly followed patients with NLUTD due to
SCI for a mean of 17 years had urodynamic findings within
the safe limits. Vesico-uretero-renal reflux was quite rare and
generally low grade. Thus, regular follow-up with urodynamic
investigation allowing for a patient-tailored management
seems beneficial warranting randomised controlled
longitudinal studies.
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Introduction

Spinal cord injury (SCI) often causes neurogenic lower urinary
tract dysfunction (NLUTD) [1]. Neuro-urological care aims to
preserve or improve upper urinary tract function, control
UTIs, and maintain a low-pressure bladder that is both
continent and capable of emptying completely [2]. These goals
are ideally achieved without an indwelling catheter or a stoma,
and in a manner that is socially and vocationally acceptable to
the patient avoiding complications, e.g. recurrent UTIs,
urethral strictures, calculus disease, hydronephrosis, and renal
failure [2]. In the past, renal disease was responsible for almost
50% of deaths in patients with SCIs [3]. Fortunately, this has

changed dramatically. Today, urinary disease accounts for only
≈13% of deaths in patients with SCIs whereas pneumonia,
influenza, non-urinary tract septicaemia, cancer, and ischaemic
heart disease are more common causes of death [4,5]. The
introduction of intermittent self-catheterisation (ISC)
combined with antimuscarinic treatment and the use of
regular urodynamic investigations has revolutionised the care
of patients with SCI [6–8]. Thus, adequate function of the
LUT is essential to prevent morbidity and mortality in patients
with SCI, but publications investigating these patients in the
long-term are scarce. We therefore assessed the long-term data
of a strictly urodynamic-based treatment regime in patients
with NLUTD due to SCI.
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Patients and Methods
From January 2010 to June 2014, a consecutive series of 246
patients with SCI (≥5 years since injury) with NLUTD were
prospectively evaluated at the Spinal Cord Injury Center,
Balgrist University Hospital, Zürich. Pregnant and breast
feeding women and patients aged <18 years at latest evaluation
were excluded. Data of the latest and earliest available
urodynamic investigation were compared. The study was
approved by the Local Ethics Committee, registered with
ClinicalTrials.gov (study registration number: NCT01293110)
and participants gave written informed consent. All methods,
definitions, and units are according to the standards
recommended by the ICS [9].

Neuro-urological evaluation consisted of medical history,
clinical examination with determination of American Spinal
Injury Association (ASIA) impairment scale [10], urine
analysis, urine culture, urinary tract ultrasound, and
video-urodynamic investigation including pelvic floor
electromyography [1]. Video-urodynamics were performed
according to good urodynamic practices using a multichannel
urodynamic system as recommended by the ICS [11,12].
Patients were urodynamically investigated in a sitting position
whenever possible. The bladder was filled with a 36 °C mixture
of 0.9% NaCl solution and contrast medium at 20 mL/min.

The primary outcome measures were urodynamic parameters
including maximum cystometric capacity, compliance,
maximum detrusor pressure during storage phase, detrusor
overactivity with and without incontinence, detrusor leak
point pressure, detrusor sphincter dyssynergia and
vesico-uretero-renal reflux. The secondary outcome measure
was urinary tract ultrasound. Normal renal parenchyma
thickness was defined as >12 mm, determined by the coronal
measure of the distance between the renal sinus/parenchyma
interface and the renal surface [13].

Data were approximately normally distributed and presented
as mean (standard deviation, SD). Comparing related and
unrelated quantitative data, the paired and unpaired t-test was
used. Paired categorical data were compared using the
McNemar test and Wilcoxon matched-pairs signed-ranks test.
Statistical analyses were performed using GraphPad Prism
version 6.01 (GraphPad Software, CA, USA) and IBM SPSS
version 20 (IBM, NY, USA), with P < 0.05 considered to
indicate statistical significance.

Results
The patients’ characteristics are shown in Table 1. Of the 246
patients enrolled almost four out of five were men. Most of
the patients had a thoracic SCI and ASIA impairment scale of
A. The mean (SD) duration since SCI to the latest available
urodynamic investigation was 17 (10) years and mean patient
age at that time was 51 (14) years. The mean (SD) follow-up

between the earliest and latest available urodynamic
investigation was 6 (3) years.

At the earliest and latest available urodynamic investigation
(Table 2), more than half of the patients relied on ISC and
there was a shift from spontaneous voiding towards ISC over
time in patients with thoracic lesions. Thus, 67% (93/138) of
the patients with a thoracic lesion performed ISC at the
latest available urodynamic investigation compared with 35%
(19/54), 62% (29/47) and 57% (4/7) of those with cervical,
lumbar and sacral lesions, respectively. In addition, there
were relevant differences according to lesion level in patients
with an indwelling catheter: 30% (16/54), 20% (27/138),

Table 1 The patients' characteristics.

Variable Value

Total number of patients 246
N (%):

Gender
Female 55 (22)
Male 191 (78)

Level of SCI:
Cervical 54 (22)
Thoracic 138 (56)
Lumbar 47 (19)
Sacral 7 (3)

ASIA impairment scale:
A 116 (47)
B 34 (14)
C 29 (12)
D 64 (26)
Unknown 3 (1)

Table 2 Type of bladder emptying according to lesion level.

Type of
bladder
emptying

At earliest
available

urodynamic
investigation

(n = 246)

At latest
available

urodynamic
investigation

(n = 246)

N (%):
ISC 128 (52) 145 (59)

Cervical 18 (14) 19 (13)
Thoracic 75 (59) 93 (64)
Lumbar 29 (23) 29 (20)
Sacral 6 (5) 4 (3)

Spontaneous voiding 75 (30) 52 (21)
Cervical* 20 (27) 18 (35)
Thoracic† 40 (53) 19 (37)
Lumbar‡ 14 (19) 12 (23)
Sacral 1 (1) 3 (6)

Indwelling catheter 43 (18) 49 (20)
Cervical 16 (37) 16 (33)
Thoracic 23 (54) 27 (55)
Lumbar 4 (9) 6 (12)
Sacral – –

*Including eight and five patients relying on a condom catheter at earliest and latest
available urodynamic investigation, respectively; †Including 14 and two patients relying
on a condom catheter at earliest and latest available urodynamic investigation,
respectively; ‡Including two and one patients relying on a condom catheter at earliest
and latest available urodynamic investigation, respectively.
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13% (6/47) and none (0/7) of the patients with cervical,
thoracic, lumbar and sacral lesions relied on an indwelling
catheter.

The percentage of patients under any neuro-urological
medication increased from the earliest to the latest available
urodynamic investigation (Table 3). Importantly there
was a relevant increase of patients (with cervical, thoracic
and lumbar but not sacral lesions) undergoing
onabotulinumtoxinA injections into the detrusor from 12% to
33% and in parallel a decrease of antimuscarinic medication.

Video-urodynamic findings at the earliest and latest available
urodynamic investigation were within the safe limits (Table 4).
There were significant differences between both groups for
maximum cystometric capacity (P < 0.001), compliance
(P < 0.001) and maximum detrusor pressure during storage
phase (P = 0.008).

Urinary tract ultrasound was normal in all but four (2%)
patients, two with unilateral renal parenchymal scarring after
recurrent pyelonephritis before establishing regular

neuro-urological follow-up and two with grade I unilateral
dilatation of the renal pelvis but with normal renal
parenchyma and no signs of vesico-uretero-renal reflux.

Vesico-uretero-renal reflux was detected in ≈5% and it was
generally low grade (Table 4).

Discussion
Main Findings

Most of our regularly followed patients with NLUTD due to
SCI [mean (SD) duration of SCI 17 (10) years] had
urodynamic findings within the safe limits.
Vesico-uretero-renal reflux was quite rare and usually low
grade. During the course of disease, there was a relevant
increase of patients undergoing onabotulinumtoxinA
injections into the detrusor. Considering the findings of the
present study, regular follow-up including urodynamic
investigations seems warranted, as this allows for a
patient-tailored management preserving/improving LUT and
upper urinary tract function.

Findings in the Context of Existing Evidence

Morbidity and mortality of patients with SCI are closely
related to LUT function. Elevated bladder pressure during the
storage phase, either due to low-compliance bladder or
detrusor overactivity, is the major cause of renal deterioration
[14]. In addition, older patients and those with a longer
duration of SCI have a substantially higher risk of urological
complications [15]. At late-stage after SCI, a high probability
of change in the LUT management methods was reported
indicating the importance of long-term planning from the
time of SCI to minimise late complications [15]. Indeed, since
neuro-urological management has evolved from reflex voiding
and indwelling catheters to the widespread use of regular
urodynamics, ISC, and antimuscarinics, optimised bladder
management has significantly contributed to the improved
outcomes in patients with SCI [16–18], with an enormous
decrease in morbidity and mortality due to urological
complications [2,4,5,15]. This is consistent with the present
study showing urodynamic findings within the safe limits at a
mean (SD) of 17 (10) years after SCI.

Most of our present patients were on antimuscarinics and/or
underwent regular onabotulinumtoxinA injections into the
detrusor [19]. Antimuscarinics are the pharmacological
first-line treatment for overactive bladder and all currently
used antimuscarinics have well-established efficacy shown in
systematic reviews [8,20,21]. Although onabotulinumtoxinA
injections into the detrusor have become a popular,
well-accepted second-line treatment with a recent USA Food
and Drug Administration (FDA) approval in August 2011 for
refractory neurogenic detrusor overactivity incontinence
[22,23], several important issues such as optimal dosage and

Table 3 Neuro-urological medication according to lesion level.

Neuro-urological
medication

At earliest
available

urodynamic
investigation

(n = 246)

At latest
available

urodynamic
investigation

(n = 246)

N (%):
None 158 (64) 131 (54)

Cervical 33 (21) 28 (21)
Thoracic 86 (55) 69 (53)
Lumbar 32 (20) 28 (21)
Sacral 7 (4) 6 (5)

α-blockers 5 (2) 5 (2)
Cervical 1 (20) 1 (20)
Thoracic 3 (60) 2 (40)
Lumbar 1 (20) 2 (40)
Sacral – –

Antimuscarinics 53 (22) 28 (11)
Cervical* 9 (17) 4 (14)
Thoracic† 34 (64) 18 (64)
Lumbar‡ 10 (19) 5 (18)
sacral – 1 (4)

OnabotulinumtoxinA
injections into detrusor

30 (12) 82 (33)

Cervical§ 11 (37) 21 (25)
Thoracic¶ 15 (50) 49 (60)
Lumbar** 4 (13) 12 (15)
Sacral – –

*Including two and no patients taking in addition an α-blocker at earliest and latest
available urodynamic investigation, respectively; †Including one and two patients taking
in addition an α-blocker at earliest and latest available urodynamic investigation,
respectively; ‡Including one and two patients taking in addition an α-blocker at earliest
and latest available urodynamic investigation, respectively; §Including six and seven
patients taking in addition an antimuscarinic drug at earliest and latest available
urodynamic investigation, respectively; ¶Including four and nine patients taking in
addition an antimuscarinic drug at earliest and latest available urodynamic
investigation, respectively; **Including two and no patients taking in addition an
antimuscarinic drug at earliest and latest available urodynamic investigation,
respectively.
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injection technique, timing for repeat injection, short- and
long-term safety, and exact mechanisms of action remain to
be elucidated [24].

Implications for Practice

Our treatment strategy is based on urodynamic findings and
this is supported by a retrospective study of 80 patients with
SCI reporting that only urodynamic measurements are reliable
to prevent upper urinary tract deterioration, as bladder
function is unpredictable using other parameters [7]. In
accordance with the literature [1,17,25,26], most of our
present patients relied on ISC. Over time, there was a shift
from spontaneous voiding towards ISC in patients with
thoracic lesions and we found a relevant increase of patients
with cervical, thoracic and lumbar lesions undergoing
onabotulinumtoxinA injections into the detrusor. High-level
SCI (also depending on the lesion completeness) might
impede performing ISC and explains the relatively high
proportion of 30% of our present patients with cervical lesions
relying on an indwelling catheter. Recently, several authors
[16,27] found the suprapubic catheter a valuable treatment
option in patients with SCI. Although there is a lack of
high-evidence level studies, we also support this view and
prefer a suprapubic instead of a transurethral catheter.

Implications for Research

Despite the management of NLUTD improving dramatically,
resulting in a substantial decrease in morbidity and mortality
in patients with SCI, many important issues remain to be
elucidated. Thus, the pathological mechanisms involved in
NLUTD are still incompletely understood. Indeed, SCI is not a
stable chronic disease and modification of bladder
management was necessary in more than one fourth of 196
patients with SCI followed prospectively for 6 years [15].
Electrophysiological and structural/biochemical changes

during the long-term course of SCI in patients may provide
new insights into NLUTD warranting appropriately designed
longitudinal studies applying a holistic approach, i.e. clinical,
urodynamic, electrophysiological, structural/biochemical, and
neuro-radiological assessments. Developing biomarkers for
patients with SCI guiding assessment, treatment and
surveillance of NLUTD would be of great interest and could
completely revolutionise modern neuro-urology. Nerve
growth factor may become a clinically important biomarker
and preliminary findings are promising [28]. In addition,
currently available treatment options need to be improved and
new therapeutic targets have to be identified. Sacral
neuromodulation [29] is a promising therapy but efficacy and
safety have to be confirmed in randomised trials before more
widespread use in patients with SCI can be recommended
[30,31].

Limitations of the Study

Several limitations of the present study should be addressed.
First, our study was not randomised but representative of
everyday clinical practice. Thus, conclusions for patients
without regular urodynamic follow-up are not possible
warranting further investigations. Second, quality of life was
not systematically assessed and could therefore not be
evaluated. However, based on the present study’s findings, we
have introduced the Qualiveen questionnaire [32] in our
routine neuro-urological evaluation. Third, our present
patients underwent regular urinary tract ultrasound and
video-urodynamics but not routine creatinine clearance
and/or nuclear renal scan. However, it should be considered
that creatinine clearance has little value as a screening
measure for renal disease in patients with SCI because of its
variability in serial testing [33]. In addition, in the case of
sonographically normal renal parenchyma and no
vesico-uretero-renal reflux in the video-urodynamic
investigation, the value of a nuclear renal scan is unclear. In

Table 4 Video-urodynamic findings.

Video-urodynamics At earliest available
urodynamic investigation

(n = 246)

At latest available
urodynamic investigation

(n = 246)

P

Mean (SD):
Maximum cystometric capacity, mL 440 (180) 650 (355) <0.001
Compliance, mL/cmH2O 55 (40) 95 (88) <0.001
Maximum detrusor pressure during storage phase, cmH2O 25 (17) 34 (27) 0.008

N (%):
Detrusor overactivity 59 (24) 130 (53) <0.001

with incontinence 32 (13) 56 (23)
Detrusor leak point pressure, cmH2O 49 (23) 32 (25)

Detrusor sphincter dyssynergia 72 (30) 61 (25) 0.001
Vesico-uretero-renal reflux: 11 (4)I 12 (5)† 0.99

Grade 1–3 11 (4) 11 (4)
Grade 4–5 0 1 (0)

IIncluding two patients (1%) with bilateral reflux; †Including seven patients (3%) with bilateral reflux.
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fact, there is no generally agreed diagnostic tool/procedure
to assess renal function of patients with SCI in regular
follow-up [1].

Conclusions
Most of our regularly followed patients with NLUTD due to
SCI (mean duration of SCI 17 years) had urodynamic findings
within the safe limits. Vesico-uretero-renal reflux was quite
rare and generally low grade. Thus, regular follow-up with
urodynamic investigation allowing for a patient-tailored
management seems beneficial warranting randomised
controlled longitudinal studies.
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