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Abstract
Introduction and hypothesis There is still no consensus on definitions of detrusor underactivity; therefore, it is difficult to estimate the
prevalence. The primary objective of the study was to evaluate the prevalence of detrusor underactivity in a cohort of patients with
pelvic floor disorders according to different proposed urodynamics definitions. The secondary objectives were to estimate the associ-
ation between detrusor underactivity and symptoms, anatomy and urodynamic findings and to build predictive models.
Methods Patients who performed urodynamic evaluation for pelvic floor disorders between 2008 and 2016 were retrospectively
analyzed. Detrusor underactivity was evaluated according to Schafer’s detrusor factor, Abrams’ bladder contractility index and
Jeong cut-offs. The degree of concordance between each method was measured with Cohen s kappa, and differences were tested
using Student’s t test, Wilcoxon test and Pearson’s chi-squared test.
Results The prevalence of detrusor underactivity among a cohort of 2092 women, concerning the three urodynamic definitions,
was 33.7%, 37.0% and 4.1%, respectively. Age, menopausal status, voiding/bulging symptoms, anterior and central prolapse,
first desire to void and positive postvoid residual were directly related to detrusor underactivity. Conversely, stress urinary
incontinence, detrusor pressures during voiding and maximum flow were inversely associated. Final models for detrusor under-
activity resulted in poor accuracy for all considered definitions.
Conclusions The prevalence of detrusor underactivity varies depending on the definition considered. Although several clinical
variables resulted as independent predictors of detrusor underactivity, instrumental evaluation still plays a key role in the
diagnosis.

Keywords Detrusor underactivity . Urodynamics . Bladder contractility index . Incomplete bladder emptying . Bladder outflow
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Introduction

Incomplete bladder emptying may be due to bladder outflow
obstruction or impaired bladder contractility, otherwise re-
ferred to as detrusor underactivity (DU) [1]. DU can result in
a wide range of symptoms, including reduced flow rate or

feeling of incomplete bladder emptying, storage symptoms
(frequency, urgency, incontinence and nocturia) and post-
voiding symptoms [1]. DU is considered to be a multifactorial
condition involving the afferent side, the central nervous sys-
tem and the efferent side of the micturition reflex, including
the nerves and detrusor muscle [2]. Postulated causes include
aging, diabetes mellitus, neurological disorders (degenerative,
traumatic and infective), bladder outlet obstruction (BOO) and
pelvic surgery [2]. However, the etiopathogenetic mecha-
nisms are not well understood yet. The concept of detrusor
underactivity itself remains under debate, as there is still no
consensus on the terms and definitions. Different terms have
been proposed, including hypotonic bladder, bladder underac-
tivity, impaired detrusor contractility and underactive bladder
[2]. The term detrusor underactivity is defined by the
International Continence Society as a contraction of reduced
strength and/or duration, resulting in prolonged bladder emp-
tying and/or a failure to achieve complete bladder emptying
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within a normal time span [3]. However, an operative defini-
tion is not provided, and there is lack of specific urodynamic
parameter thresholds [4]. Different algorithms have been pro-
posed to evaluate and quantify detrusor contractility including
Schafer’s detrusor factor [5], Abrams’ bladder contractility
index [6] and the use of specific cut-offs for maximum flow
(Qmax) and detrusor pressure maximum flow (Pdet@Qmax)
[7]. Unfortunately, none of these have been validated in the
female population [8]. Since the diagnostic criteria are not
well defined, it is difficult to estimate the prevalence of DU
in the female population. In patients bothered by lower urinary
tract symptoms, DU can be identified in about 13% of women
[7]. However, in specific populations, such as in women with
advanced pelvic organ prolapse, the prevalence may increase
up to 40% [9].

The primary objective of the study was to evaluate the
prevalence of DU in a cohort of patients with pelvic floor
disorders according to different proposed urodynamics defini-
tions. The secondary objectives were to estimate the associa-
tion between DU diagnosis and symptoms, anatomy and
urodynamic findings and to build predictive models.

Materials and methods

Patients who underwent primary urodynamics evaluation for
pelvic floor disorders between 2008 and 2016 were retrospec-
tively analyzed. Clinical evaluation included a medical inter-
view to investigate the presence of urinary and prolapse symp-
toms. A urogenital examination was performed, and pelvic
organ prolapse was staged according to the Pelvic Organ
Prolapse Quantification (POP-Q) system. All women
underwent urodynamic assessment as previously described
(including filling cystometry, pressure/flow study and post-
void residual (PVR) volume by catheterization) by a trained
urogynecologist [10]. Procedures and definitions conformed
to the Good Urodynamic Practice Guidelines of the
International Continence Society [11]. Positive PVR was de-
fined as a residual > 100 ml. Detrusor underactivity was eval-
uated using three different methods: Schafer’s detrusor factor
[5], Abrams’ bladder contractility index [6] and Jeong et al.'s
cut-offs [7]. DU based on Schafer nomogram was defined for
values of Qmax and Pdet@Qmax ranging from very weak
(VW) and weak- (W-) to weak+ (W+) according to detrusor
contractility and from zone 0 and I according to urinary ob-
struction (DU). The bladder contractility index (BCI =
pDetQmax + Qmax × 5) was also evaluated to analyze
detrusor contractility. Specifically, a BCI < 100 was consid-
ered indicative of a DU according to Abrams’ definition
(DUA). Lastly, cut-offs of Qmax ≤ 12 and Pdet@Qmax10
were applied to define DU according to Jeong et al.'s defini-
tion (DUJ). For every definition applied, non-DU patients
were considered as controls.

The study was approved by the Ethics Committee of San
Gerardo Hospital in Monza, Italy. Data were entered into the
database by one author and double-checked by another author.
Statistical analysis was performed using JMP software version
9.0 (SAS, Cary, NC, USA). Data are reported as mean ± stan-
dard deviation. The degree of concordance/agreement be-
tween the different definitions of DU was measured with
Cohen s kappa [12]. Differences were tested using Student’s
t-test for continuous parametric data, the Wilcoxon test for
continuous nonparametric data and Pearson’s chi-squared test
for noncontinuous data. A p value < 0.05 was considered
statistically significant. Multivariate models to predict DU ac-
cording to the considered definitions were built using vari-
ables from population characteristics, referred symptoms and
clinical examinations (thus excluding urodynamic parame-
ters). Only variables significantly associated with the out-
comes in the univariate analysis were considered, excluding
the ones with possible collinearity. Odds ratios were provided
to evaluate the strength of association for continuous data and
non-continuous data, respectively.

Results

A total of 2092 women underwent urodynamic evaluation in
the study period. Full records were available for 1972 (exclu-
sion rate of 5.7%). Fifty-one patients were not able to start
micturition because of severe voiding dysfunction. As a con-
sequence, pressure/flow study parameters were available for
the remaining 1921 patients. Patients’ characteristics and
symptoms leading to urodynamic evaluation are reported in
Table 1. The mean age was 61.0 ± 12.8 years. The most fre-
quently reported symptom was stress urinary incontinence
(61.6%), followed by overactive bladder syndrome (57.5%).
Voiding symptoms and vaginal bulging were reported by

Table 1 Population characteristics. Continuous data as mean ± standard
deviation. Non-continuous data as absolute frequency (relative
frequency)

Age (years) 61.0±12.8

Body mass index (kg/m2) 26.5±4.7

Parity (n) 1.9±1.2

Instrumental delivery 183 (9.3%)

Maximal birth weight (g) 3479±702

Menopausal status 1580 (80.1%)

Overactive bladder syndrome 1134 (57.5%)

Stress urinary incontinence 1215 (61.6%)

Voiding symptoms 703 (35.6%)

Bulging symptoms 817 (42.1%)

Anterior prolapse stage ≥ 2 855 (43.4%)

Central prolapse stage ≥ 2 512 (26.0%)

Posterior prolapse stage ≥ 2 476 (24.1%)
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35.6% and 42.1% of patients, respectively. The anterior vag-
inal compartment was the one most frequently involved in a
significant (≥ 2 stage) descensus. According to the considered
definitions, prevalence of DUJ, DUS and DUA was 4.1%,
33.7% and 37.0%, respectively. An excellent degree of agree-
ment was found between DUS and DUA (k = 0.93), while DUJ

showed a very poor concordance with both DUS (k = 0.15)
and DUA (k = 0.13). Univariate analysis of risk factors for
DU according to the different definitions is reported in
Supplementary Table 1. At the univariate analysis, age, men-
opausal status, voiding symptoms, bulging symptoms, anteri-
or and central compartment prolapse stage ≥ 2, first desire to
void and positive postvoid residual were directly related to
detrusor underactivity for all considered definitions.
Conversely, stress urinary incontinence and detrusor pressures
during voiding and maximum flow were inversely associated
with detrusor underactivity for all considered definitions.
Urodynamic stress incontinence was a protective factor for
both DUS and DUA. Higher cystometric capacity resulted as
a protective risk factor for DUS and DUA, while it was directly
associated with DUJ. The latter was also associated with less
overactive bladder syndrome and detrusor overactivity. On
the multivariate analysis, age (OR = 1.9–2.3) and voiding
symptoms (OR = 1.7–2.5) were independent predictors of
DU according to all considered definitions (Table 2). Stress
urinary incontinence was a protective factor towards both
DUA and DUS (OR = 0.7–0.8), while overactive bladder syn-
drome was protective toward DUJ (OR = 0.6). The final
models for DU had poor accuracy for all considered defini-
tions, with areas under the curve (AUC) ranging between 0.64
and 0.72 (Fig. 1).

Discussion

DU probably represents an underestimated condition, which
may involve voiding dysfunction and long-term sequelae. To
date, the prevalence of DU in the female population with
pelvic floor disorders is not defined.With this study, we aimed
to evaluate the prevalence of DU in a cohort of patients with

pelvic floor disorders according to three different proposed
urodynamics definitions and to evaluate the association
among DU diagnosis and symptoms, anatomy and
urodynamic findings. We found that the prevalence of DU
can greatly vary depending on the definition considered, rang-
ing from 4.1% to 37.0% in a population of women afferent to
pelvic floor clinics. DU was associated with specific
urodynamic findings compared to controls, including an in-
creased first desire to void, lower detrusor pressures during
voiding andmaximum flow, and a higher rate of positive post-
void residuals. Moreover, an inconsistent association was
found for the maximum cystometric capacity and the diagno-
sis of urodynamic stress incontinence and detrusor overactiv-
ity. Themultivariate analysis demonstrated that age > 65years,
the lack of stress urinary incontinence and the presence of
voiding symptoms are independent predictors of DU.
However, models to predict DU based on variables from pop-
ulation characteristics, baseline symptoms and clinical exam-
ination showed poor accuracy, indicating the key role of
urodynamics in identifying this condition in case of suspicion.

The great heterogeneity of DU prevalence reported in the
literature is likely to depend on population characteristics such
as sex, age and reasons to perform urodynamics—and on the
definitions applied. A previous experience reported a 13% rate
of DU in women bothered by lower urinary tract symptoms
[7]. However, Jeong et al. looked at the concordance of
urodynamic criteria in the diagnosis of DU in a population
of 372 patients, finding significant variations in the prevalence
using the different criteria, ranging from 5.4% to 55.8% [13].
Similarly, in our population, we found a prevalence ranging
from 4.1% to 37.0% according to the different definitions
considered. Specifically, we demonstrated a substantial agree-
ment between the definitions of Schafer and Abrams, with the
latter probably slightly overestimating the prevalence due to
lack of bladder outlet resistance evaluation, thus classifying a
portion of patients with BOO as DU. Conversely, Jeong’s
definition is likely to identify the most neglected and severe
forms of DU, but at the cost of a lower detection rate.

From a urodynamic point of view, DU is characterized by
low flow and detrusor pressures during voiding, which are the

Table 2 Multivariate analysis. Parameter estimate and odds ratio are provided for continuous data and non-continuous data, respectively

DUS DUA DUJ

OR p value OR p value OR p value

Age ≥ 65 years 1.9 < 0.0001 1.9 < 0.0001 2.3 0.0008

Stress urinary incontinence 0.8 0.0217 0.7 0.0008 0.7 0.15

Overactive bladder syndrome 1.0 0.95 1.0 0.76 0.6 0.0214

Voiding symptoms 1.7 < 0.0001 1.8 < 0.0001 2.5 0.0002

Bulging symptoms 1.2 0.11 1.2 0.27 0.9 0.72

Anterior stage prolapse ≥ 2 1.0 0.81 1.2 0.25 1.6 0.18
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two parameters used to estimate detrusor strength [14]. This
might lead to impaired voiding, with significant post-void
residuals. In our study, positive PVR was found four to nine
times more frequently in patients with DU—depending on the
definition considered—compared to controls. This confirms
the great impact of impaired bladder contractility as a cause or
contributing factor in voiding dysfunctions. However, we
identified additional urodynamic findings associated with
DU. The first desire to void was registered at a significantly
higher volume in patients with DU compared to controls. This
finding suggests a major role of disruption of the bladder
innervation in the pathogenesis of DU, whichmay be reflected
in an impairment of the sensory afferent pathways. This mech-
anism has already been proposed for the loss of bladder con-
tractility related to diabetic cystopathy, in which an autonomic
neuropathy and a diminished bladder sensation, resulting from
the axonal degeneration and the segmental demyelination,
have been demonstrated [15]. Probably, both the afferent
and efferent compartments of the micturition reflex are equal-
ly involved in the pathogenesis of detrusor underactivity, de-
termining both sensory and detrusor muscle function impair-
ment. We also found a lower prevalence of urodynamic stress
urinary incontinence in DUS and DUA but not DUJ patients.
Both DUS and DUA definitions are likely to be less specific
compared to DUJ and might also include patients with a cer-
tain grade of BOO. As a consequence, it is reasonable to find a
lower prevalence of urodynamic stress incontinence, which
can be considered as surrogate marker of lower urethral resis-
tance. Conversely, the DUJ definition is very restrictive and
likely to exclude patients with BOO, identifying women with
a more advanced stage of detrusor impairment. This may be
the explanation for the different findings regarding the maxi-
mum cystometric capacity and detrusor overactivity in DUJ

patients compared to both DUS and DUA women. In fact, we
recorded a lower prevalence of detrusor overactivity and a
higher maximum cystometric capacity only in DUJ patients.
These findings can be associated with a pronounced alteration
of bladder sensitivity and impairment of detrusor contractile

power, which are demonstrated mechanisms of DU [16, 17].
Moreover, neglected DU with chronic urinary retention may
lead to increased bladder volumes through progressive
stretching/thinning of the bladder wall [18, 19].

Interestingly, the decrease in sensory function and muscle
contractility has also been described as a consequence of nor-
mal bladder aging [20]. Our study confirmed the role of aging
as a risk factor for detrusor underactivity, irrespective of the
diagnostic criterion considered. In particular, age ≥ 65 years
was found to be an independent predictor of DU, with an odds
ratio ranging from 1.9 to 2.3 according to the considered def-
inition. Different explanations have been proposed.
Specifically, an age-dependent reduction in the amount of
acetylcholinesterase-positive nerves has been reported, sug-
gesting a reduced functional parasympathetic innervation.
Moreover, a muscle-to-collagen ratio reduction and decrease
in axonal content have been described as possible contributors
to the decline in sensory and muscle functions in the elderly
[20].

Our study also confirmed the predictive role of the voiding
symptoms, which carry a 1.7–2.5 times greater risk of being
associated with DU. Voiding symptoms such as “prolonged
urination time with or without a sensation of incomplete blad-
der emptying, usually with hesitancy, reduced sensation on
filling, and a slow stream” are known to be suggestive of
DU, according to the underactive bladder working definition
[21]. Our findings are concordant with a previous urodynamic
study on 1788 women and men, in which patients with DU
had significantly higher occurrence of decreased and/or
interrupted urinary stream, hesitancy, feeling of incomplete
bladder emptying and absent and/or decreased sensation com-
pared with controls [22]. The prevalent voiding disorder na-
ture associated with DU diagnosis was also confirmed by the
protective role of the storage symptoms, such as stress urinary
incontinence (for DUS and DUA) and overactive bladder syn-
drome (for DUJ) found in our population. The rationales are
supposed to be similar those previously proposed for
urodynamic stress urinary incontinence and overactive

a b c

Fig. 1 Receiver-operating characteristics curve for DUS (a), DUA (b) and DUJ (c). Y-axis: sensitivity; X-axis: 1-specificity
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bladder. The first can be considered a surrogate marker of
lower urethral resistance, thus indicating a portion of the pop-
ulation in which the prevalence of voiding disorders—
including DU—is less pronounced. The latter is likely to be
associated with maintained/increased detrusor muscle con-
tractility, thus an opposite mechanism to the one proposed in
DU etiopathogenesis.

However, despite DU being a predominantly voiding disor-
der, no milestone symptom characterizes underactivity of the
detrusor. In our series, patients with DU reported either voiding
symptoms or storage symptoms, or both. The consequence was
that multivariate models built on non-instrumental variables
failed to identify patients with DU with good accuracy, for all
considered definitions, with AUC ranging from 0.64 to 0.72.
This also confirms for DU that “the bladder is an unreliable
witness of itself.” Considering the considerable overlapping
and the nonspecific nature of symptoms, it is not possible to
reliably differentiate DU from other lower urinary tract dys-
functions without a urodynamic study [21]. As a consequence,
in case of symptoms evocative for DU—such as the ones iden-
tified as risk factors in our study (e.g., voiding sympoms, bulg-
ing symptoms)—a urodynamic evaluation is recommended.
However, our study clearly demonstrated the urgent need to
provide a “urodynamic” definition to correctly diagnose
detrusor underactivity, since the range of prevalence based on
different definitions is too wide to provide clinical guidance. In
our opinion, the best choice is the use of the Schafer nomogram,
which offers some advantages compared to the other two con-
sidered definitions. It allows discriminating DU from BOO,
which is not possible using Abrams’ bladder contractility index.
Moreover, the use of dynamic thresholds compared to the spe-
cific ones proposed by Jeong allows identifying a larger number
of patients with DU.

The strengths of this study include the large population
considered, multimodal evaluation of patients with anthropo-
metric characteristics, and the presence of obstetric history,
baseline symptoms, the gynecological visit and urodynamics
as well as the application of three different definitions of
detrusor underactivity. The limitations include the retrospec-
tive design and the lack of Griffiths' watt factor evaluation.

To conclude, the prevalence of DU can vary greatly de-
pending on the definition considered, ranging from 4.1% to
37.0% in a population of women attending our pelvic floor
clinics. Age > 65 years, lack of stress urinary incontinence and
the presence of voiding symptoms are independent predictors
of DU. However, models to predict DU based on clinical
variables are inaccurate, indicating the key role of instrumen-
tal evaluation in identifying this condition.

Future research should focus on the standardization and
validation of urodynamics parameters in women based
definitions.
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