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ABSTRACT
Aims: Examine the outcome of urodynamic studies in a regional prevalence group of patients with
traumatic spinal cord injury (SCI), explore relationships between urodynamic parameters and renal
complications/other SCI-related dysfunctions, assess the role of urodynamics in SCI follow-up.
Methods: In a cross-sectional study, 211 patients were included, who attended a yearly check-up and
had urodynamics performed as part of the follow-up in addition to S-creatinine, S-cystatin-C, renal
ultrasound, and a questionnaire regarding complications. Relationships between urodynamic parame-
ters and renal complications/other SCI-related dysfunctions were explored by descriptive and compara-
tive statistics.
Results: Neurogenic detrusor overactivity (NDO) was found in 150, underactive/acontractile detrusor
in 44, normal detrusor function in 17 patients. Maximum detrusor pressures during filling/voiding in
NDO attained mean levels of >40 cm H2O in 68% of patients and >25 cm H2O in 83%. Reduced com-
pliance of the bladder wall, cystometric bladder capacity <250mL, and detrusor overactivity leakage
during filling were associated with higher detrusor pressures. Detrusor overactivity during more than
one-third of the filling phase was significantly related to signs of renal complications among patients
with SCI duration 11–20 years. No significant relationships were found between other urodynamic
parameters and renal/other SCI-related complications. Renal complications in underactive/acontractile
and normal detrusor function co-varied with evidence of previous NDO and other co-morbidities
which may negatively influence kidney function.
Conclusions: Maximum detrusor pressures during the filling/voiding phases attained high levels in a
majority of patients. Detrusor overactivity during more than one-third of the filling phase was signifi-
cantly related to signs of renal complications.

Abbreviations: AIS: American Spinal Injury Association (ASIA) Impairment Scale; CIC: clean intermittent
catheterisation; ICS: International Continence Society; NDO: neurogenic detrusor overactivity; SCI: spinal
cord injury; UTI: urinary tract infection

ARTICLE HISTORY
Received 5 March 2021
Revised 5 July 2021
Accepted 9 July 2021

KEYWORDS
Urodynamics; neurogenic
bladder; detrusor
overactivity; spinal cord
injury; renal complications;
follow-up program

Introduction

The Stockholm Spinal Cord Uro Study [1] is a comprehensive
survey of urinary tract function in a regional prevalence
population 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 program for follow-up of SCI com-
plications, a regional program for follow-up of neurogenic
bladder dysfunction post-SCI, and a study-specific question-
naire on patient-reported complications of the urinary tract
during the preceding year. The basic characteristics of the
patient group have been presented [1], and a second report
looked more closely at urinary tract infection (UTI), the most
common complication reported by patients in our

prevalence group [2] as well as in many studies worldwide
[3,4]. In this article, we report on the urodynamic characteris-
tics as found in a subset of the total study population.

Urodynamic studies are recommended in international
guidelines [5,6] as the most important tool to monitor risk
factors for renal deterioration secondary to SCI. Traditionally,
intravesical filling pressures of <40 cm H2O have been con-
sidered safe, based on findings in a group of myelodysplastic
children [7]. This reference level has later been questioned
[8] and a detrusor pressure of <25 cm H2O has been pro-
posed as a cut-off level in adults [5]. Additional urodynamic
parameters, which have previously been reported as poten-
tial risk indicators, are reduced compliance of the bladder
wall, a small bladder capacity, a high amplitude of detrusor
overactivity leak-point pressure, or the duration of
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uninhibited bladder contractions during voiding by reflex
stimulation [9–13]. The length of detrusor contractions dur-
ing bladder filling has been identified as associated with
long-term renal deterioration [14]. The relative importance of
amplitude and duration of detrusor contractions as potential
risk factors has not yet been clarified. There is consensus
that regular urodynamic follow-up after SCI is essential, but
the optimal intervals and urodynamic method need further
elucidation.

The results of urodynamics are also used as a guide for
choice of bladder management, and pharmaceutical, minimal
invasive, or surgical intervention. In neurogenic detrusor
overactivity (NDO) efforts are made to reduce high-amplitude
detrusor pressures during filling and/or voiding, increase
functional bladder capacity, and counteract detrusor sphinc-
ter-dyssynergia. The objective is to reduce the risk of recur-
ring UTIs [15], incontinence, and other SCI-related
dysfunctions, such as spasticity, neuropathic pain, and auto-
nomic dysreflexia which may be driven by visceral stimuli
from the urinary tract [16]. In neurogenic underactive or
acontractile bladder, the focus is on maintaining a normal
bladder capacity through regular intervals of complete blad-
der emptying and supporting the urethral sphincter closure
mechanism to minimize the number of UTIs, preventing the
formation of bladder stones, and promoting continence.

In this article, we report on the urodynamic characteristics
in a subset of the regional prevalence population of the
Stockholm Spinal Cord Uro study. We explore relationships
with signs of renal complications and other patient-reported
SCI-related dysfunctions and possible implications for further
follow-up of persons with SCI.

Materials and methods

Participants

Participants were 211 persons with a post-traumatic SCI for
at least one year, who attended a yearly check-up visit at the
regional outpatient center the Spinalis clinic, and had uro-
dynamics performed as part of the follow-up. These partici-
pants (Urodynamics group) constitute a subset of the
Stockholm Spinal Cord Uro Study (total study population),
which includes 412 patients and has been presented previ-
ously [1].

Methods

In the Stockholm Spinal Cord Uro study, we applied two pro-
grams for follow-up of chronic SCI: a national Swedish pro-
gram for follow-up of medical SCI complications [17], and a
regional program for neurogenic bladder dysfunction [1],
complemented with a study-specific questionnaire regarding
urinary tract complications during the preceding year [1].
Objective measurements and patient-reported data were col-
lected for each individual, as previously reported [1].
Neurological levels and AIS grades of injury [American Spinal
Injury Association (ASIA) Impairment Scale] were regis-
tered [18].

Urodynamic studies which were completed within two
years of the check-up visit were included, provided bladder
management had not changed. All studies were performed
by a specialist nurse according to the International
Continence Society (ICS) Good Urodynamic Practice [19] and
interpreted by experienced neuro-urologists. Patients were
asked to pause bladder relaxant medication before the
examination. Urodynamic parameters were evaluated by the
current terminology of the ICS [20]. The duration of detrusor
contractions during the filling phase was determined as a
ratio of the entire filling phase. Relationships were explored
between urodynamic parameters and signs of renal compli-
cations, numbers of patient-reported UTIs, patient-reported
presence of spasticity, neuropathic pain, and autonomic dys-
reflexia in the Urodynamics group as a whole and subgroups
of urodynamic observations and successive duration of SCI.
Patient files were reviewed for notes on primary urodynamic
observations post-SCI.

In the regional follow-up program for neurogenic bladder
dysfunction secondary to SCI urodynamics and ultrasound of
kidneys was recommended in intervals based on stratifica-
tion by neurological level and severity of the spinal cord
lesion and previous urodynamic findings, as described in a
previous article [1]. S-creatinine, S-cystatin-C, and cystatin-C-
related glomerular filtration were checked annually. Patients
with a suprasacral SCI, AIS grades A–C, and/or previously
established NDO were recommended urodynamics and a
renal ultrasound every two years, whereas those with a sacral
SCI or an AIS grade D without previous NDO were recom-
mended these examinations when indicated by new clinical
symptoms or by laboratory signs suggesting an impairment
of kidney function.

In the current study, signs of renal complications were
pathological levels of S-creatinine, S-cystatin-C, or cystatin-C
related glomerular filtration, ultrasound verified dilatation of
upper urinary tracts and/or pathology of renal parenchyma,
as described previously [1].

Data analyses

Data were analysed using SPSS for Windows 25 software
(IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY:
IBM Corp.) Descriptive and comparative statistics were calcu-
lated. The independent samples t-test was applied for the
comparison of groups with normally distributed variables
and the Mann–Whitney U test for non-normally distributed
variables. p-Values <0.05 were considered statistically
significant. Logistic regression analysis was used to estimate
urodynamic parameters as risk factors for renal and other
SCI-related complications in groups of injury duration 1–10,
11–20, 21–30, and 31–49 years.

Results

Patient characteristics of the Urodynamics group, the total
Stockholm Spinal Cord Uro Study population, and patients
who did not have a urodynamic study are presented in
Table 1. All groups were similar regarding gender
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distribution. The Urodynamics group included patients with
a lower mean/median age, a higher proportion of patients
with injury classification C5–C8, A–C, and T1–S3, A–C than
the non-urodynamics group, and a smaller representation of
patients with AIS D at any level. It also included a higher
proportion of persons who voided by clean intermittent
catheterisation (CIC) and bladder reflex stimulation and a
smaller percentage of patients who used normal voiding or
had indwelling catheters. Reasons for not having urodynam-
ics were patients’ choice (67%), the existence of a urinary
diversion (15%), a high neurological level and severity of the
injury and/or frailty (8%) which prevented the implementa-
tion of the examination or the referral was missed at the
annual check-up (10%). Patients who declined the examin-
ation in most cases did not explain, but some stated that

they ‘had no urinary problems for a long time’ or ‘had expe-
rienced discomfort as a result of a previous urody-
namic study’.

Urodynamic observations and the neurological level and
severity of SCI are displayed in Table 2. Urodynamic parame-
ters are exhibited in Table 3. The distribution of urodynamic
observations was similar between sub-groups of successive
SCI duration (Figure 1).

Overall, urodynamic parameters which have been
described as potential risk indicators for renal deterioration
were frequent. Among patients with NDO two-thirds had a
maximum detrusor pressure during filling which was >40 cm
H2O and four-fifths had >25 cm H2O. Detrusor overactivity
leak point pressure was registered in 48 patients and among
them, 92% attained an amplitude of >40 cm H2O. Among

Table 1. Characteristics of patients in the Urodynamics group, the total study population and the non-urodynamics group.

Urodynamics group, n¼ 211 Total study population, n¼ 412 Non-urodynamics group, n¼ 201

Male/female, n (%) 164 (78%)/47 (22%) 320 (78%)/92 (22%) 156 (78%)/45 (22%)
Age, (years) mean/median, (SD), /range/ 44.9/45 (13.6)/18–78/ 49.1/49 (14.7)/18–88/ 53.8/54 (14.5)/18–88/
SCI duration, (years) mean, (SD), /range/ 14.9 (11.8)/1–49/ 16.4 (11.8)/1–51/ 17.5 (11.5)/1–52/
Severity of spinal cord injury, n (%)
C1–C4, A–C 14 (7) 37 (9) 23 (11.5)
C5–C8, A–C 49 (23) 83 (20) 34 (17)
T1–S3, A–C 96 (45) 149 (36) 53 (26.5)
AIS D at any level 52 (25) 143 (35) 91 (45)

211 (100) 412 (100) 201 (100)
Bladder management method, n (%)
Clean intermittent catheter 118 (56) 157 (38) 39 (19.5)
Normal voiding 44 (21) 120 (29) 76 (38)
Indwelling catheter (urethral or suprapubic) 19 (9) 60 (15) 41 (20)
Bladder reflex stimulation 23 (11) 33 (8) 10 (5)
Urinary diversion 0 (0) 24 (5.8) 24 (12)
Abdominal pressure/Valsalva 5 (2) 13 (3) 8 (4)
External compression of abdomen 1 (0.5) 4 (1) 3 (1.5)
Sacral anterior root stimulation 1 (0.5) 1 (0.2) 0 (0)

211 (100) 412 (100) 201 (100)

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.
C1–C4 includes three persons with C2C, C3C, and C4A but no ventilator dependent patients.

Table 2. Urodynamic observations and neurological level and severity of spinal cord injury.

Detrusor function
Urethral function

Neurological level
of injury and AIS
grades A–D

Neurogenic
detrusor

overactivity
Acontractile
detrusor

Underactive
detrusor

Normal
detrusor Normal

Detrusor
sphincter-
dyssynergia

C1–C4 A–C 12 0 2 0 14 0 4
C5–C8 A–C 46 0 0 3 49 0 5
T1–S5 A–C 62 15 12 7 96 8 10
AIS D at any level 30 9 6 7 52 16 18
Total, n (%) 150 (71) 24 (11.5) 20 (9.5) 17 (8) 211 24 37
Male/female,

n (%)
122/28 17/7 14/6 11/6 164/47 14/10 29/8

Age, (years)
mean/median,
(SD), /range/

43.2/43
(13.0)/18–71/

48.1/49
(13.8)/19–75/

52.3/50
(14.1)/25–78/

44.9
(13.6)/18–78/

46.2
(13.9)/25–78/

47.8
(11.2)/24–65/

SCI duration
(years), mean/
median/(SD)

14.4/11.0/(11.4) 15.9/12.5/(12.3) 18.2/14.0/(14.5) 14.1/12.0/(10.4) 17.7/15.0/(11.8)

Urethral function was determined in 61 patients who had a voluntary voiding phase registered as part of the urodynamic study.
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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the sixty-one patients where voluntary voiding was regis-
tered 41% had a maximum detrusor pressure during voiding
of >55 cm H2. The highest detrusor pressure was obtained
among persons who used normal voiding, bladder reflex
stimulation, or sacral anterior root stimulation.

Twenty-four patients (12%) displayed reduced compliance
of the bladder wall. A cystometric bladder capacity of
<250mL was noted in 30%.

According to clinical files, 89% of patients had a urody-
namic observation established within the first year post-SCI.
All patients with a current NDO had a primary NDO.
Approximately half of them had previous anticholinergic
treatment, however detailed information on doses and treat-
ment periods was not available. Among patients with a cur-
rent underactive/acontractile or normal detrusor 36% had a
primary NDO consistent with a cervical/thoracic neurological
level of injury and AIS grades A–C. These patients had a
median SCI duration of 28 years. Initial bladder management
was reflex stimulation or combinations of reflex stimulation,
Valsalva manoeuvres, and normal voiding for a median of
15 years. Several patients reported a long-standing practice
of voluntary overdistension of the bladder. Current bladder
management was CIC, normal voiding, or reflex stimulation.

Signs of renal complications were present in 24% of the
Urodynamics group, 28% in the non-Urodynamics group,

and 25% in the total population of the Stockholm Spinal
Cord Uro Study (Figure 2).

In the cross-sectional perspective of the Urodynamics group,
there were no statistically significant relationships between any
urodynamic parameters and signs of renal impairment. Among
patients with NDO and an SCI duration of 11–20 years we
found a statistically significant relationship between the dur-
ation of detrusor overactivity during the filling phase (DO ratio)
and signs of renal complications. In this group, the mean DO
ratio in persons with/without signs of kidney complications was
46 vs. 32% (p¼ 0.031). Sixty-one percent of all patients with
NDO had a DO ratio of more than 33%.

Logistic regression verified the DO ratio as a risk factor for
renal complications (odds ratio, OR 1.3), whereas there was
no risk difference with other urodynamic parameters. Co-vari-
ation between DO ratios >33% and signs of renal complica-
tions in sub-groups of SCI duration is illustrated in Figure 2.

Among patients with a current underactive/acontractile or
normal detrusor there were no statistically significant rela-
tionships between urodynamic parameters and signs of renal
complications with any duration of SCI. The rate of kidney
complications was 29% overall, and 39% among those with
an injury duration >10 years. These patients had a mean
age/duration of SCI of 49/16.6 years, as compared to 43/
14.4 years among patients with a current NDO. Hypertension

Table 3a. Urodynamic parameters in neurogenic overactive detrusor, underactive/acontractile detrusor and normal detrusor.

Urodynamic parameter
Neurogenic overactive detrusor Underactive/acontractile detrusor

Normal detrusor
Mean/median/(range) n Mean/median/(range) n Mean/median/(range) N

Max detrusor pressure filling, cm H2O 57/50/(6–200) 150 10/8/(0–40) 44 17/13/(0–51) 17
Compliance, mL/cm H2O 45/30/(0.4–300) 150 138/87/(7–615) 44 128/49/(8–500) 17
Max cystometric capacity, mL 333/339/(26–621) 150 510/523/(174–823) 44 442/459/(252–573) 17
Max detrusor pressure voiding, cm H2O 68/60/(10–249) 40 30/25/(0–35) 14 42/40/(1–50) 7
Detrusor-sphincter dyssynergia 29 1 7
Post-void residual urine, mL 61/22/(0–500) 121 55/171/(0–349) 34 62/4.5/(0–586) 14
Detrusor overactivity leak point pressure, cm H2O 67/70/(19–150) 48 NA NA NA NA
Detrusor overactivity/filling phase ratio, % 43/43/(1–91) 150 NA NA NA NA

NA: not applicable.
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Figure 1. Urodynamic observations and duration of spinal cord injury.
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and cardiovascular disease were present in a majority, several
persons had a history of open renal stone surgery, and half
of them were tobacco users. In comparison, these co-morbid-
ities were found only in single cases in the NDO group and
tobacco use was present in 28%.

Among patients with NDO, 46% reported current use of
anticholinergics, mirabegron, or botulinumtoxin. Fourteen

patients (9%) had not paused the medication before uro-
dynamics. Patients with/without ongoing medication at the
time of the examination had a mean maximum detrusor
pressure during filling of 26/60 cm H2O (p< 0.001), but a
mean DO ratio of 40/43% (p¼ 0.455).

Relationships between urodynamic parameters and other
SCI-related complications were explored. Twenty-one percent

Table 3b. Patients with neurogenic overactive detrusor and SCI duration 11–20 years.

Urodynamic parameter
Patients with signs of renal complications, n¼ 22 Patients with no signs of renal complications, n¼ 15

Mean/median/(range) n Mean/median/(range) n p-Value

Max detrusor pressure filling, cm H2O 61/44/(6–121) 22 51/45/(18–122) 15 0.793
Compliance, mL/cm H2O 38/20/(0.5–135) 22 58/40/(20–256) 15 0.049
Max cystometric capacity, mL 336/330/(40–478) 22 339/349/(94–621) 15 0.938
Max detrusor pressure voiding, cm H2O 72/59/(30–167) 7 49/43/(26–70) 8 0.336
Post-void residual urine, mL 57/52/(0–106) 9 88/48/(0–370) 19 0.962
Detrusor overactivity leak point pressure, cm H2O 104/105/(85–121) 4 66/60/(19–150) 10 0.054
Detrusor overactivity/filling phase ratio, % 50/46/(14–86) 22 32/32/(1–75) 15 0.031�
SCI: spinal cord injury.
Urodynamic parameters and signs of renal complications.
The Mann–Whitney U test was used for comparison as the populations were not normally distributed.�p< 0.05 was considered statistically significant.

Stockholm Spinal Cord Uro Study  

n= 412, RC 25% 

Urodynamic study 

n= 211 pa�ents, RC 24% 

nUAB                              
n= 44, RC 25% 

Normal                 
n= 17, RC 35%  

DO ra�o <33%    
n= 59, RC 22% 

DO ra�o >33%     
n= 91, RC 23% 

DO ra�o >33%         
n=8, RC 38%  

DO ra�o >33%         
n=12, RC 17%  

DO ra�o >33%         
n= 22; RC 50%

DO ra�o <33%       
n=15; RC 20%  

DO ra�o <33%       
n=13, RC 25 %  

DO ra�o >33%         
n=49; RC 10% 

DO ra�o <33%         
n=22; RC 23% 

DO ra�o <33%      
n= 9; RC 22%  

nUAB and Normal     
n= 28, RC=14%  

nUAB and Normal     
n= 8, RC=38%  

nUAB and Normal      
n= 14, RC=29%  

nUAB and Normal      
n= 11, RC=55%  

NDO                               
n= 150, RC 23% 

SCI dura�on 1-10 years, n = 71, RC 14% SCI dura on 1-10 years, n=28, RC 14%

SCI dura�on 11-20 years, n = 37, RC 38%                  SCI dura�on 11-20 years, n=8, RC 38%

SCI dura�on 21-30 years, n = 25, RC 20%                  SCI dura�on 21-30 years, n=14, RC 29%

SCI dura�on 31-49 years, n =17, RC 29%                  SCI dura�on 31-49 years, n=11, RC 55%

Figure 2. The Stockholm Spinal Cord Uro Study and co-variation with signs of renal complications, patients grouped by urodynamic observation and successive
duration of spinal cord injury.
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reported more than 3 UTI’s during the preceding year, and
among them, one-third had a febrile UTI requiring hospital-
ization. NDO was present in 85% of these patients and in
93% of those who had been hospitalized. Forty-six percent
of the Urodynamics study population reported spasticity,
34% neuropathic pain, and 16% autonomic dysreflexia. There
were no statistically significant relationships or co-variation
in proportions between individual urodynamic parameters
and the patient-reported numbers of these complications.

Discussion

The Urodynamics group included in this study is a subset
from the original Stockholm Spinal Cord Uro Study, which in
turn encompasses 75% of the regional population of persons
with traumatic SCI in the Stockholm area. The inherent limi-
tations and selection restrictions of the study are described
in the Results section. Bearing this in mind, we believe that
the urodynamic observations are reasonably representative
of the prevalence population and our findings may apply to
an average urban SCI population in Scandinavia today.

In the total population of the Stockholm Spinal Cord Uro
Study, the main risk profiles for renal complications were
identified as cervical lesions with AIS grades A–B, age, and
SCI duration [1]. In this study, the aim was to further exam-
ine the role of urodynamic parameters.

Among patients with NDO, urodynamic risk indicators for
renal deterioration were frequent, however, in the cross-sec-
tional perspective, no statistically significant relationships
with renal complications were discovered. When the duration
of SCI and the neurogenic bladder dysfunction were consid-
ered, a DO ratio of more than one-third of the filling phase
emerged as statistically significant among patients with an
SCI duration of 11–20 years. Also, there was co-variation
between the proportions of patients with a DO ratio of more
than one-third and signs of renal complications in the suc-
cessive subgroups of SCI duration. Other urodynamic risk
indicators did not exhibit such relationships in any subgroup
of injury duration. The rate of renal complications increased
with the duration of SCI and was highest in the 11–20 year
group for patients with all urodynamic observations. The
lower rates in the populations with longer SCI duration may
partly be attributed to the so-called ‘healthy subjects’ effect’,
namely that patients in these subgroups had remained rela-
tively healthy and did not develop renal deterioration, and
partly to lack of power as groups of increasing SCI duration
were successively smaller.

Previous periods of anticholinergic treatment may have
influenced the current rate of renal complications, but
patient file information was insufficient to extract these data.
It is also conceivable that detrusor overactivity of long dur-
ation may have been present during anticholinergic therapy,
albeit with a lowered amplitude of the maximum detrusor
pressure, thus contributing to renal complications. This rea-
soning needs corroboration in further studies.

Our results support the previous findings by Elmelund et
al. that the length of detrusor contractions during bladder
filling is associated with negative effects on the upper

urinary tracts [14] and perhaps the only urodynamic param-
eter which can be statistically related to the development of
renal complications over time. These authors suggested that
registration of the area under the curve of the detrusor pres-
sure may become a useful urodynamic measurement. This
type of calculation can add to a more dynamic view of the
relative importance of amplitude and duration of detrusor
overactivity, and further research is warranted.

Stationary urodynamics naturally provides only a snapshot
of bladder function. A more dynamic representation may be
achieved by increased use of patient-reported parameters,
such as voiding charts providing real-life measurements,
symptom reports, validated questionnaires [21], and
increased use of ambulatory urodynamics. With technical
development user-friendly ambulatory systems may soon
become a reality [22], making home recordings feasible, as
well as enhanced computations of urodynamic parameters.

Timely establishment of urodynamic observations during
the initial period post-injury and continued life-long monitor-
ing of detrusor overactivity is paramount after SCI [23], given
the negative effects of NDO on the upper urinary tracts and
the association with increased frequency and severity of
UTIs. We propose yearly investigations until a stable urody-
namic situation and stable bladder management have been
reached. Attention should be focused on the duration as
well as amplitudes of detrusor overactivity. Patients with uro-
dynamically verified NDO may then continue with biannual
investigations, while those with an established underactive
or normal bladder may be monitored according to symptom-
atology and laboratory signs. Urodynamic examinations
should be performed in specialist centers. The urodynamic
setting should aim to provide a patient-friendly and comfort-
able situation, and precautions should be taken to avoid
UTIs in connection with the procedure [5,19]. Active patient
involvement by self-reporting of functional parameters is
important to get the full picture of lower urinary tract func-
tion. We propose an increased use of ambulatory urodynam-
ics in routine follow-up, and standards for relevant
ambulatory measurements need to be determined.

Urodynamic monitoring is essential for the assessment of
interventions to treat NDO. The clinical result may not be suf-
ficient to gauge the effect on the amplitude and duration of
detrusor overactivity [24]. In this study, bladder relaxant medi-
cation was associated with a lower maximum detrusor pres-
sure during filling, but the DO ratio was unchanged, implying
a possible insufficient effect for long-term renal protection.

Rates of renal complications increased with the duration of
SCI, also among patients with a current underactive/acontrac-
tile bladder or normal detrusor function where the present
urodynamic parameters were not risk indicators. There was a
history of longstanding NDO in more than one-third of this
population along with higher mean age, longer duration of
SCI, and a higher proportion of other risk factors for chronic
kidney disease [25]. These findings illustrate the importance of
a holistic view toward secondary complications post-SCI. While
long-term NDO emerges as the most important urodynamic
risk factor other health issues must also be taken into account
in the context of aging with an SCI.
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Conclusion

Among patients with NDO, a majority displayed maximum
detrusor pressures which have traditionally been regarded as
critical for long-term renal function. Detrusor contractions
occurred with a mean duration of �40% of the filling phase,
also in patients on bladder relaxant medication.

Detrusor overactivity during more than one-third of the
filling phase was significantly related to signs of renal com-
plications in patients with an SCI duration of 11–20 years.
There were no significant relationships between other urody-
namic parameters and renal complications.

Among patients with underactive/acontractile or normal
detrusor function and an SCI duration of more than fifteen
years signs of renal complications co-varied with rates of pre-
vious NDO as primary urodynamic condition post-SCI and
also with cardiovascular co-morbidities, previous renal sur-
gery, and tobacco use.
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