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A B S T R A C T

Background: Neurogenic lower urinary tract dysfunction (NULTD) is common in patients with multiple sclerosis
(MS); nevertheless, it is often underestimated, underdiagnosed, and undertreated due to patients’ sense of
shame, variability of symptoms, as well as lack of communication between neurologists and urologists, despite
the availability of several guidelines based on scientific evidence and expert opinion.
Objective: This study was conducted to develop an easy-to-perform algorithm for diagnosing neurogenic lower
urinary tract disease in patients with MS for daily neurological and urological routine, including the identifi-
cation of red flags.
Methods: In consensus group meetings, interprofessional experts (neurologists, urologists, neurourologists,
nurses, nurse practitioners, occupational therapists, physical therapists as well as representatives of national MS
centers, self-care groups, social care, residential care, and health-aid-providers) developed a diagnostic algo-
rithm to detect NULTD in patients with MS. Subsequently, the group evaluated the algorithm in 121 patients
with MS using micturition diary, post-void residual volume, uroflowmetry, and urodynamic studies. Statistical
analysis was conducted on the basis of logistic regression models to compare patients with normal and abnormal
urodynamic examinations. Differentiation was performed using selected diagnostic parameters as well as stan-
dard performance measures for binary classifiers to assess prognostic quality.
Results: The following four parameters allowed to diagnose NLUTD in patients with MS: post-void residual urine
volume, rate of urinary tract infections during the past 6 months, micturition frequency, and incontinence.
According to statistical analysis, the following thresholds could be defined: post-void residual volume (PVR)
≥70 mL (Odds Ratio (OR) = 1.24; 95% CI:[1.07,1.62]), urinary tract infection (UTI) rate - none in 6 months
(OR = 2.03; 95% CI:[1.04,6.68]), and micturition frequency >13/day, standardized on 2000 mL urine
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excretion (OR = 1.24; 95% CI:[1.07,1.49]). Uroflowmetry served as a further predictor of urodynamically
measurable urinary bladder dysfunction (OR = 4.80; 95% CI: [1.41, 19.21]). Interestingly, patients without any
complaints of NLUTD had an abnormal urodynamic examination in >50% of the cases. The entire algorithm has
a sensitivity of 95%.
Conclusions: All patients with MS should undergo a basic examination to detect NLUTDs. Within the algorithm
developed in this study, four easy-to-collect parameters may reveal NLUTD in patients with MS.

1. Introduction

The prevalence of NLUTD in patients with MS varies from 65% to
92% (Marrie et al., 2007; Khalaf et al., 2015). NLUTDs can progress
measurably within 1 year, cause complications such as UTIs and hy-
dronephrosis, and affect the quality of life of patients with MS (de Sèze
M et al., 2007; Litwiller et al., 1999, Musco et al., 2018). A timely
treatment of NLUTDs and a careful consideration of bladder manage-
ment require a timely identification of NLUTD (Ulivelli et al., 2019;
Seland et al., 1999; Sakakibara, 2019; Phé et al., 2016). Various special
national guidelines have been developed to identify NLUTD in patients
with MS. The guidelines differ in considering the necessity for screening
asymptomatic patients, the clinical assessments, parameters, and cutoff
points used for screening. Some guidelines applied Expanded Disability
Status Scale (EDSS) with and without thresholds (Amarenco et al.,
2014; Ghezzi et al., 2011; Barbalias et al. 2001; De Ridder et al., 2013;
Averbeck et al., 2020). Some other guidelines recommended uro-
flowmetry (Krupin and Belova, 2011; Ghezzi et al., 2011; Çetinel et al.,
2013). In the US, UK, and Greece guidelines, the bladder diary was not
included (Fowler et al., 2009; Seland et al., 1999; Barbalias et al.,
2001). Other expert groups and national guidelines recommended its
use (Del Popolo et al., 2008; Krupin and Belova, 2011; Ghezzi et al.,
2011; De Ridder et al., 2013; Amarenco et al., 2013; Tornic and
Panicker, 2018; Averbeck et al., 2020).

In the French guidelines, the urinary bothersome questionnaire was
validated for comprehensiveness and acceptance (Amarenco et al.,
2013). The Italian guidelines evaluated the PVR, International Prostate
Symptom Score (IPSS), and bladder diary to EDSS, to duration of MS,
and to pyramidal involvement in patients without any urinary com-
plaints (Ghezzi et al., 2016). Most of the national guidelines have an
evidence category of III–IV (Holland and Reitman, 2012a;
Aharony et al., 2017).

The role of urodynamic examination in the diagnosis of NLUTD has
been in an intense debate (Fowler et al., 2009; Stoffel, 2017; Dillon and
Lemack, 2014; Hernandez and Khavari, 2020). The popular British
guidelines state that urodynamics are considered unnecessary
(Fowler et al., 2009). The French guidelines assume that every patient
should have access to an urodynamic examination (Amarenco et al.,
2014).

The enumerated differences reflect the existing discussions. To find
a satisfactory way of dealing with the points at issue, it is reasonable to
standardize the assessments that are recommended in the guidelines
and combine them with the necessity to conduct a complete ur-
odynamic study of all symptomatic and asymptomatic patients with MS
(Bemelsmans et al., 1993, de Sèze et al., 2007, Musco et al., 2018). A
possible method to meet these requirements is to bring together the
important parameters and examine them one by one from the point of
view of their value to serve as a predictor of NLUTD in a new study
using urodynamics as the target variable. This is exactly what the
present study is aimed at.

2. Patients and methods

2.1. Development of the new algorithm

Four consensus meetings were organized to prepare the evaluation
study and to specify the algorithm with participation of neurologists,

urologists, neurourologists, nurses, nurse practitioners, occupational
therapists, physical therapists as well as representatives of national MS
centers, self-care groups, social care, residential care, and health-aid-
providers in the MS Consensus Group (Figure 1).

2.2. Study design

We performed a prospective, noninterventional, multicenter study
with the following inclusion criteria: patients with a diagnosis of MS
(Relapsing-Remitting MS (RRMS), Secondary Progressive MS (SPMS),
Primary Progressive MS (PPMS)) according to the McDonald criteria
aged 18–80 years, irrespective of whether they reported voiding diffi-
culties (McDonald et al., 2001; Polman et al., 2011).

The exclusion criteria were patients with indwelling catheters, pa-
tients who underwent a urodynamic examination in the past, and pa-
tients with an acute relapse of MS or acute UTI. Nevertheless, patients
with an acute UTI or acute relapse of MS could be included in the study
after adequate therapy (antibiotics or steroid pulse, respectively).

2.3. Micturition diary

To standardize the anamnesis and to objectify micturition habits, a
patient questionnaire (including such aspects as age, gender, questions
characterising the MS, questions about the urological situation) and a

Figure 1. The consensus process steps.
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micturition diary were used. To calculate the mean values of micturi-
tion frequency, micturition volume, and urine output, the data of two
days within the bladder diary were considered. To compare micturition
frequencies among patients, the mean micturition frequency was stan-
dardized to 2000 mL urine per day in accordance with the studies on a
normal daily urine volume (Schoen et al., 2013; Lermen et al., 2019).

2.4. Urodynamic examination

Urodynamic studies, uroflowmetry, and PVR examination were
performed according to the Good Urodynamic Practice (Schäfer et al.,
2002). The terminology used in this study follows the last standardi-
zation reports published by the International Continence Society
(D'Ancona et al., 2019). The patients underwent free uroflowmetry with
different devices (Medical Measurement, Enshede, Netherlands (now
Laborie, USA); Ceres Lite, Wiest Uropower, World of Medicine
(W.O.M.), Ludwigshafen, Germany; Ellipse, Andromeda Medizinische
Systeme, Taufkirchen, Germany; SEDIA NTV3, SEDIA Medizintechnik;
Givisiez, Switzerland).

2.5. Data collection and dataset

On March 22, 2017, the vote of the ethics committee was positive
(Medical Council of the State of Brandenburg, N° 4525). The patients
signed an informed consent for data collection and were included in the
study of the period between April 2017 and May 2018.

The participating neurological and neurourological hospitals are
listed at the end of the manuscript.

The data collection included seven domains and 43 items (1. in-
stitutional – 2 items, 2. social – 2 items, 3. medical history – 7 items, 4.
bladder diary – 7 items, 5. uroflowmetry – 4 items, 6. PVR – 1 item, 7.
(video)-urodynamic – 20 items).

2.6. Statistical analysis

Logistic regression models were used to estimate the effect of se-
lected parameters on the binary response variable – abnormal ur-
odynamic examination. First, single regression models (including sex
and age as additional covariates) were fitted to reveal independent
effects on the outcome. Subsequently, a joint analysis using a logistic
regression model for all parameters of interest was performed. To
identify the most relevant parameters in a completely data-driven
manner, a stepwise variable selection approach based on the Akaike
information criteria (AIC) with a combination of forward and backward
direction was applied on this model (Akaike, 1973).

To assess the prognostic quality of selected classifiers for the pre-
diction of abnormal urodynamic examination, standard performance
measures for binary classifiers were used, namely sensitivity (i.e., the
proportion of correctly identified abnormal urodynamic examinations)
and the positive predictive value (PPV, i.e., the proportion of cases that
are correctly classified as abnormal urodynamic examinations to all
classified abnormal urodynamics). The thresholds for the definition of
red-flag predictors were identified using recursive partitioning
(Breiman et al., 2017), i.e. a classification tree was constructed for the
task of classifying abnormal urodynamic examinations by a selected set
of predictors.

For all analyses, the R language for statistical computing (Version
3.44) was used (R Core Team, 2018).

3. Results

3.1. Patients’ characteristics

We included 145 patients during the period of 13 months. A total of
24 datasets were unusable because of an incorrect bladder diary
(N = 15), patients’ refusal to undergo a urodynamic examination

(N = 6), or an incomplete dataset (N = 3). Thus, data from 121 pa-
tients were available for evaluation.

Table 1 shows the patients’ characteristics. There were more women
than men (2.7:1).

3.2. Methods of bladder emptying

Patients used very different methods of bladder emptying. In total,
84 patients could empty the bladder voluntarily, 11 patients performed
bladder emptying via straining, 6 patients preferred reflex voiding
(with a half of them using an additional intermittent catheterization), 4
patients exclusively used intermittent catheterization, and 3 patients
suffered from total incontinence. The remaining 13 patients used var-
ious combinations of voluntary emptying, straining, and reflex voiding.

3.3. Identification of red-flags predictors

To identify red flags, we applied an AIC-based stepwise variable
selection approach.

Table 2 depicts the marginal effects of 9 parameters of interest on
the independent variable “abnormal urodynamic examination”. After
the variable selection processes, the remaining parameters were mic-
turition frequency, incontinence, UTI rate, and PVR. According to this
analysis, a 1-unit increase in the frequency of micturition increased the
risk of an abnormal urodynamic examination by approximately 21%
(OR = 1.21, 95% CI: [0.99–1.47]). Furthermore, a 10-mL increase in
PVR increased the risk for an abnormal urodynamic examination by
approximately 26% (OR= 1.26, 95% CI: [1.01–1.57]). Finally, patients
with a UTI in the past 6 months had a 2.0 fold, incontinent patients had
a 3.9 fold increased risk of an abnormal urodynamic examination.

EDSS did not correlate with an abnormal urodynamic examination
(OR = 0.91; 95% CI: [0.69–1.2]). There were no significant correla-
tions between sex, age, and an abnormal urodynamic examination
(Table 2). The disease course (RRMS, SPMS, and RRMS) did not

Table 1
Patients’ characteristics of the study population.

Parameter Mean±SD Range

Age (years) 49.3± 11.3 19 -75
Gender Male: 33

Female: 88
EDSS 3.8± 2.1 0.5 – 8.0
MS-Course RRMS – 56.8%

SPMS – 31.3%
PPMS – 11.9%

Duration MS (years) 12.2± 9.6 0 – 42
Duration urological symptoms (years) 10.1± 5.7 0 – 37
UTI-rate (number of UTIs/6 months) 0.8± 2.1 0 – 10

Table 2
Results of the logistic regression analyses.

Parameter Independent
analysis

Joint analysis, stepwise
variable selection, AIC

Odds Ratio and 95%
CI

Odds Ratio and 95% CI

Sex: female vs. male 0.84 [0.22; 2.65]
Age (years) 1.05 [1.00; 1.11]
UTI rate (6 months) 2.03 [1.04; 6.68]
Frequency (24 h) 1.24 [1.07; 1.49] 1.21 [0.99; 1.47]
Incontinence: yes vs. no 3.93 [1.17; 15.7] 4.78 [1.06; 21.41]
Disease duration (years) 1.07 [0.99; 1.18]
Expanded Disability Status

Scale (EDSS)
0.91 [0.69; 1.2]

PVR: 10 mL scale 1.25 [1.07; 1.62] 1.26 [1.01; 1.57]
Uroflowmetry: normal vs.

abnormal
4.80 [1.41; 19.21]
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influence either the probability of an NLUTD or the type of urinary
bladder dysfunction.

To assess the prognostic quality of the selected parameters with
respect to the prediction of an abnormal urodynamic examination,
standard performance measures for binary classifiers were used such as
sensitivity (i.e., the proportion of correctly identified abnormal ur-
odynamic examinations) and the positive predictive value (PPV).

Uroflowmetry identified patients with a detectable urinary bladder
dysfunction with a sensitivity of 69%, a specificity of 71%, and a high
PPV of 93.5%.

3.4. Cutoff values of predictors of abnormal urodynamic findings

The mean standardized micturition frequency from the bladder
diary was 13.2± 5.9 in 24 h. Most of the patients (64.4%) had a
micturition frequency of ≤13 times daily.

All patients with a normal urodynamic examination had a PVR
value of <67 mL. For practical reasons, we chose 70 mL as the cutoff
(Figure 2). In this study, 30.1% of the patients had no PVR and 67.3%
had a PVR of <70 mL.

In the present study, the identified red flags predicted a NLUTD in
patients with MS as well. Urodynamic abnormalities were observed in
all patients with a PVR of >70 mL, in 95.5% of patients with a stan-
dardized micturition frequency >13 times/day, and in 84.8% of pa-
tients with UTIs and/or incontinence but without elevated PVR (>70
mL) and without a higher micturition frequency.

3.5. NLUTD in the study population

No significant correlation was found between incontinence and
detrusor overactivity (DO) (OR = 1.82; 95% CI: 0.83; 4.07) nor be-
tween detrusor underactivity (DU) and incontinence (OR = 0.95; 95%
CI: 0.36–2.54). The absence of incontinence did not correlate with DU,
neither did DU correlate with higher PVR (OR = 1.04; 95% CI:
0.64–1.57). A significant correlation was found between standardized
frequency of micturition and DO (Table 3). Detrusor sphincter dyssy-
nergia (DSD), a simultaneous contraction of the detrusor and the
rhabdosphincter, was observed in 36 patients, with 13 of them having a
PVR >70 mL.

3.6. Definition of diagnostic groups

The goal of consensus conferences was to define groups (clusters)
from which the required diagnostics may be derived. The new

algorithm comprises four groups according to the predictors and
thresholds identified by recursive partitioning (Table 4).

Group 1 (N = 23, 19.7%) included patients without any complaints
of NLUTD, without pathologic PVR (<70 mL), and with a normal
standardized frequency of micturition (≤13 times daily). All patients in
this group were continent and did not report a UTI within the past 6
months. Nevertheless, 12 patients in this group (52.2%) had an NULTD
according to the urodynamic examination.

Group 2 (N = 23, 19.7%) comprised patients with a normal PVR
(<70 mL) but with a higher micturition frequency (>13 times daily,
normalized to 2000 mL). An increased micturition frequency positively
correlated with DO in the logistic regression analysis (Table 3,
OR = 1.16 (95% CI: [1.07; 1.26])).

Group 3 was the largest, with all the patients in this group (N = 38,
32.5%) having a PVR of ≥70 mL (Figure 3).

Group 4 (N = 33, 28.2%) included patients with normal PVR (<70
mL) and a normal frequency of micturition (≤13/24 h), but with other
red flags, such as UTIs in the past 6 months and/or incontinence.

Figure 3 demonstrates the distribution of the predictors included in
the four groups of the new algorithm.

Using the proposed four red-flags predictors and the corresponding
threshold values from Table 4, the odds ratio for an abnormal ur-
odynamics was 17.4 with a 95% CI of 4.7–75.1.

Comparing these data with the observed outcome of the urodynamic
examination, we obtained the given performance values of the pro-
posed new algorithm: the sensitivity was 95%, the PPV – 91%, the
specificity - 44% and the Negative Prediction Value (NPV) – 54%.

4. Discussion

There is insufficient progress in the diagnosis and therapy of NLUTD
in patients with MS (Fowler et al., 1992; Mahajan et al., 2013;
Stahmann et al., 2017; Rommer et al., 2019). The aim of the present

Figure 2. Cumulative distribution function of PVR vs. results of urodynamic examinations.

Table 3
Correlation between certain symptoms and type of NLUTD

Symptom Type of
NLUTD

OR Confidence-Interval
(CI)

Incontinence DU 0.95; 95% 0.36; 2.54
Incontinence DO 1.82; 95% 0.83; 4.07
PVR DU 1.04; 95% 0.64; 1.57
PVR DO 1.20; 95% 0.84; 1.73
Frequency of micturition DU 0,91; 95% 0,81; 1.01
Frequency of micturition DO 1.16; 95% 1.07; 1.26
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study is to develop an algorithm that in a routine medical practice will
allow to identify NLUTD in patients with MS early, easily, and in a
precise manner. To our knowledge, this is the first completely evaluated
neurourological algorithm for patients with MS.

There was no statistically significant correlation between the com-
plaints of NLUTD reported by patients with MS and the results of ur-
odynamic examinations. This conclusion is confirmed by some other
authors (Amundsen et al., 1999; Wiedemann et al., 2013;
Haggiag et al., 2017; Fragalà et al., 2015). Blaivas found that a treat-
ment based exclusively on reported symptoms was ineffective for at
least 50% of patients with MS (Blaivas, 1980). In our study, we ex-
amined those parameters that made it possible to objectify the sub-
jective view of patients on urological complaints. It was found out that

four such predictors taken together could provide the diagnosis of
NLUTD with a sufficient reliable certainty. These parameters have been
already used in a qualitative manner in other national guidelines in
different combinations and with different significances.

Our research confirmed the assumption that all patients with MS,
even those who are asymptomatic (1st group, 20.6% of patients), should
be examined for NLUTD. Some other national guidelines have con-
sidered these patients as well (De Ridder et al., 2013; Amarenco et al.,
2014; Ghezzi et al., 2016). In the present study, 23 patients did not
declare urological complaints. However, twelve of them had abnormal
urodynamic findings. To identify these patients at risk of neurogenic
bladder dysfunction, uroflowmetry can be used owing to its good sen-
sitivity (69%), specificity (71%), and high PPV (94%). Some other

Table 4
Characteristics of the patient groups (N = 117). In 4 patients, PVR data were missing outside of cystomanometry. For the sake of inner logic, a grouping in the
algorithm was not performed for these 4 patients and the classification process was continued with 117 patients.

Diagnostic Method Parameter Definition of the diagnostic groups
Group 1 (n=23) Group 2 (n=23) Group 3 (n=38) Group 4 (n=33)

Micturition diary (at least 3 days) Micturition Frequency (number /24h, standardized on
2.000mL)

≤13 >13 variable ≤13

Sonography PVR (mL) <70 <70 ≥70 <70
Medical history >0 UTI last 6 Months and/ or Incontinence no no or yes no or yes yes

Figure 3. Attributes used to classify the groups (PVR, incontinence, micturition frequency and UTI rate). The dashed lines indicate the cutoff values.
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authors using urodynamic examination detected NULTDs in 10%–81%
of patients without NLUTD symptoms (Cofield et al., 2014;
Wiedemann et al., 2013: Bemelsmans et al., 1993). Tayyaddon et al.
emphasized that 94% of patients without urological symptoms under-
went symptomatic NLUTD within one year of follow-up
(Tadayyon et al., 2012).

The 2nd group in this evaluation corresponded to the patient group
with urgency and frequency as reported in other guidelines
(Fowler et al., 2009). In general, in different studies (Betts et al., 1993)
this group of patients is the largest (from 33% to 82%), but in our study,
the group with frequency was considerably smaller (19.7%). This can
be accounted for by the fact that the term “frequency” is not clearly
defined by the International Continence Society (Abrams et al., 1988).
In the present study, we apply the term frequency to indicate precise
statistics (more than 13 micturitions /24 h). This approach makes the
group under discussion more homogeneous. An increased micturition
frequency positively correlated with DO in the logistic regression ana-
lysis (Table 3, OR = 1.16 (95% CI: [1.07; 1.26]). Drug therapy to
suppress DO is recommended.

In all guidelines, the intermittent catheterization is favored for pa-
tients with pathological PVR (3rd group in this study). Nevertheless,
there is no widely accepted threshold for an abnormal PVR in different
patient populations, and the cutoff points used in practice vary arbi-
trarily (Abrams et al., 2001). The UK guidelines determined a threshold
for an abnormal PVR of 100 mL (Fowler, 1996). In 2005, Wu and Ba-
guley found that a PVR of >150 mL correlates with a higher UTI rate
(Wu and Baguley, 2005). PVR >150 mL was defined as pathological by
the Belgium guidelines (De Ridder et al., 2013). The American Multiple
Sclerosis Society considered a PVR of >200 mL as an indication of
urine retention (Holland and Reitman, 2012b). In 2017, Stoffel re-
commended a threshold value of 300 mL for PVR in patients with MS.
Our PVR cutoff of >70 mL was the first statistically confirmed PVR in
patients with MS. Furthermore, a PVR of ≥70 mL correlated well with
an abnormal urodynamic examination (Figure 2). Patients with a higher
PVR should learn intermittent self-catheterization. The beginning and
the frequency of catheterization depend on the severity of PVR and the
corresponding symptoms.

In this study, 28.2% of patients (4th group) had a normal frequency
of micturition and a PVR of <70 mL but suffered from incontinence
and/or UTIs. A calculated first-line therapy was impossible due to the
heterogeneity of NLUTD (27% - DU, 37.5% - DO, 40% - DSD, 20% -
incontinence of different types). Moreover, 15.2% of patients in this
group had a normal urodynamic examination. The UTIs in these pa-
tients were caused by reasons other than neurogenic bladder dysfunc-
tion. Patients from group 4 should undergo cystometry as the second
diagnostic step before an adequate therapeutic decision is possible.

Our algorithm revealed a high sensitivity of 95%. Because of the
PPV of 91%, the algorithm is likely to be appropriate as the first step of
a noninvasive screening for NLUTD in patients with MS (Spix and
Blettner, 2012; Rothschild and Xu, 2019).

5. Limitations

The proportion of patients with abnormal urodynamics was rela-
tively high in the present study, despite the consideration of asympto-
matic patients. To further improve the negative predictive value, a
greater number of patients with normal urodynamic are to be ex-
amined.

Another limitation was the low proportion of patients with detrusor
underactivity. There-fore, a possible subgrouping looks doubtful.

Our strict thresholds are due to the limited number of the patients
included in the study. With a larger number of patients, the so-called
gray zone thresholds would be more practical in daily routine. Further
investigations with more participants are to be conducted.

6. Conclusions

We developed and evaluated a consensus algorithm for a simplified
diagnosis of NLUTD in patients with MS and validated its sensitivity
and predictive value through analysis of a large cohort of patients.

All patients with MS should be examined for NLUTD irrepective of
their urological complaints. The proposed algorithm with four easy to
collect parameters - PVR, micturition frequency, UTI-rate, incon-
tinence, and additionally uroflowmetry can complete the neurological
assessment standards to ameliorate diagnosis and management of
NLUTD in patients with MS. Algorithm points out that further diag-
nostics is required to provide the patient with a specific therapy based
on the results.
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