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Abstract

Aim: To determine whether bladder functions deteriorate with age. Methods:
Data contained in electronic medical record (INFOMED®) were used in this
institutional retrospective review. Analysis was done on the urodynamic stu-
dies in women over 18 years old conducted between May 2011 and November
2015. Patients with previous history of pelvic surgery or radiotherapy, neuro-
logical disease, vaginal prolapse greater than grade I, congenital urogenital
malformations, urinary obstructive disease, diabetes, or the use of any medi-
cation that could interfere with bladder function were excluded from the
analysis. The urodynamic parameters analyzed were the Maximum Cystome-
tric Capacity (MCC), Voiding Volume (VV), Maximum Flow (Qmax), Blad-
der Compliance (BC), Detrusor Pressure at Maximum Flow (PdetQmax),
Bladder Contractility Index (BCI), Bladder Voiding Efficiency (BVE) and
Post-Void Residual Urine Volume (PVR). Patients were further stratified in
five groups according to age (A—18 to 40; B—41 to 50; C—51 to 60; D—61 to
70; E—over 70 years old). Results: Out of 3103 urodynamic studies analyzed,
719 were eligible for the study. The average age of patients was 49.3 (+13.2)
years old and in all evaluated parameters, statistically significant correlation
between age and decline of bladder function was obtained (p < 0.05). Moreo-
ver, mathematical equations were presented to estimate the parameters values
in relation to age. Conclusions: This study showed a decline in bladder storage
function (reduction in MCC and BC) and in bladder emptying function (re-
duction in Qmax, PdetQmax, VV, BCI and BVE with an increase in PVR)
with age.
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1. Introduction

Aging is a normal development process involving structural, functional, and che-
mical neurobiological changes [1]. It is a complex process that does not occur
simultaneously throughout the body, and it is associated with the presence of a
disease [2] [3] [4]. In fact, aging involves multiple endogenous and exogenous
factors that must be considered in an integrated way, especially in diagnostic si-
tuations [5]. It is estimated that 25% of an individual’s longevity is influenced by
genetics, while the rest is influenced by lifestyle and environmental factors [1]
[6].

Due to the fact that there is a worldwide increase in life expectancy, disorders
inherent to the elderly population are becoming increasingly frequent in clinical
practice [5]. Given the current demographic profile of the elderly population,
and the prospect of significant increase in their participation in society, it is im-
portant to study age-related diseases, including micturition parameters [7] [8].

The main micturition changes that occur in elderly women are detrusor over-
activity with or without incontinence, stress urinary incontinence (SUI), and de-
trusor hypocontratility [9]. The latter is a change of major concern because be-
sides impairing quality of life, it can also lead to recurrent urinary tract infec-
tions. It leads also to inadequate bladder voiding with the need for clean inter-
mittent catheterization. Deterioration of the upper urinary tract can occur with
possible progression to chronic renal failure (CRF) [10] [11].

This urodynamic study evaluation is in women stratified by age.

2. Materials and Methods

This is a retrospective analysis of urodynamic studies taken from an electronic me-
dical record database (INFOMED®), and performed in women at the Depart-
ment of Urology of our institution between May 2011 and November 2015, after
gaining the approval of the Ethics Committee.

For sample homogenization, examinations were stratified according to patient
age in five groups: A (18 - 40 years old), B (41 - 50 years old), C (51 - 60 years
old), D (61 - 70 years old), and E (women > 71 years). All examinations were
conducted in women above 18 years of age. Exclusions were made in those with
previous history of pelvic surgery or radiotherapy, neurological disease, vaginal
prolapse greater than grade I by ICS classification, congenital urogenital malfor-
mations, urinary obstructive disease, diabetes, or in case of use of any medication
that could interfere with bladder function as alpha blockers, antimuscarinics, di-
uretics, anti-depressants, sedatives, anti-anxiolytics and opioids [12].

The urodynamic parameters analyzed were maximum cystometric capacity
(MCCQ), voiding volume (VV), maximum flow (Qmax), bladder compliance (BC),

detrusor pressure at maximum flow (PdetQmax), bladder contractility index (B-
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CI), bladder voiding efficiency (BVE), and post-void residual urine volume (P-
VR).

Quantitative variables were compared between groups through the ANOVA
test, followed by Tukey’s post hoc test. Next, the hypothesis that correlations
were statistically significant was tested using Pearson’s correlation. Linear re-
gression was also used to evaluate cause-effect relationships and to develop ma-
thematical equations for estimating urodynamic parameters according to age.
All statistical calculations were performed using the GraphPad Prism 4° soft-

ware.

3. Results

A total of 3103 urodynamic studies, conducted between May 2011 and Novem-
ber 2015 and registered in INFOMED® (www.infomed.net.br) electronic medical
record, were evaluated. Of these, 719 exams were selected according to the afore-
mentioned inclusion and exclusion criteria. Patient ages ranged from 18 to 91
years, with an average of 49.3 + 13.2 years. The distribution of examinations per
age group was 188 (A); 228 (B); 162 (C); 88 (D); and 53 (E). The results are de-
scribed in Table 1.

Pearson’s correlation test was followed by the Student’s t-test to test for statis-
tical significance and by linear regression between age and the observed para-
meters. The results for these parameters are shown in Table 2.

With linear regression, statistical significance was obtained between age and
the observed parameters. Based on that, the following equations were formulated
to obtain standard parameters values according to age:

O MCC =404.3 — 0.76 x Age,
VV =398.5 — 1.42 x Age,
BC =16.8 + 0.14 x Age,
Qmax =21.2 — 0.07 x Age,
PdetQmax = 39 — 0.2 x Age,
PVR =5.8 + 0.67 x Age,
BCI = 145 - 0.56 x Age,
BVE =102 — 0.27 x Age.

©O O O 0O Oo0Oo

4. Discussion

The present study showed significant results for understanding bladder func-
tions during aging in women. The first noteworthy point is the sample size. Our
study comprised of 719 women who underwent urodynamic study at a single
health center due to various clinical indications. We used rigorous exclusion cri-
teria to eliminate any factors that might influence bladder function other than
age. Only one study used an exclusion criteria similar to ours, but its sample size
was smaller (n = 85) and only 14 women were 70 years of age or older. Other
studies did not exclude patients with diabetes mellitus or those taking antide-
pressant medications, both of which are known to influence bladder functions. It

is relevant to mention the study by Zimmern et al (2014), who had a larger
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Table 1. Urodynamic parameters: maximum cystometric capacity (MCC), voiding Vo-
lume (VV), maximum flow (Qmax) bladder compliance (BC), maximum detrusor pres-
sure flow (PdetQmax), post-void residual urine volume (PVR), bladder contractility in-
dex (BCI) and bladder voiding efficiency (BVE). Groups: A (up until 40 years old), B (41 -
50 years old), C (51 - 60 years old), D (61 - 70 years old) and E (above 71 years old).
*ANOVA followed by the Tukey post-test. Statistically Significant if p < 0.05. Differences
are indicated as follows: a. A#B;b. A2 C;c. A=D;d. A#E;e.B=C £ B2D; g B2E;
h.C#D;j.C2E;h.D#E.

Parameters Groups Value*
alue
(Mean) A B C D E P
a<0.01
d<0.01
MCC d,g,j.h 0.001
3553 + 103.4 394.3 + 104.1° 369.4 + 114.5 360.9 +98.5 295.0 + 110.0%&b <0
(ml) )
j<0.001
h<0.01
a<0.05
d < 0.001
VV ) £<0.05
323.3+111.4 355.3 +110.7* 339.5 + 125.0 311.2 + 122.5" 225.4 + 124.2%8i"
(ml) g<0.001
j<0.001
h <0.001
b<0.01
BC c<0.01
158 +205 17.8+28.7 27.4+41.2% 29.2+39.3¢ 18.9 +14.9 005
(ml/cm H,0) e <0
£<0.05
QMax (ml/s) 17.8+8.7 18,6 + 8.8 182+9.1 15.8 + 8.7 14.5 +7.38 g<005
b<0.05
PdetQmax b 4 d<o01
319+153 303+163 268+150° 265+162 229+ 16.8% <0
(cm H,0) g<005
d<0.01
PVR e 008
3194623 39.0+68.6 299+515 497+77.9  69.6+ 8074  8<
(ml) )
j<0.01
¢<0.05
d<0.01
BCI 1209 £43.0 1234427 117.5+434 105.6£40.1°° 955+364%  f<00
g<0.001
j<0.05
d <0.001
g<0.001
BVE 909+167 902+164 91.1+154 852+21.8 75.5+27.3%h

j<0.001

h <0.05

sample than ours (n = 945) but was one of the studies that did not exclude pa-
tients with diabetes mellitus; also, they only evaluated women with SUTI (Table
3) [13] [14] [15].

Our study demonstrated that there are alterations in bladder function with
age, with significant correlation for all the evaluated parameters. Figure 1 re-
presents all parameters described below.

Maximum cystometric capacity

Pfisterer et al. (2006) did not observe a decrease in MCC with age. The MCC
in their study was 522 mL for patients older than 60 years, while in patients be-
tween 20 and 39 years old, it was 493 ml. Also, they proposed that the loss of
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Table 2. Pearson’s correlation test (r) and p-value according to the parameters evaluated:

MCC, maximum cystometric capacity; VV, voiding volume; Qmax, maximum flow; BC,
bladder compliance; PdetQmax, detrusor pressure at maximum flow; BCI, bladder con-
tractility index; BVE, bladder voiding efficiency; PVR, post-void residual urine volume; r,
pearson’s correlation test; p, statistical significance.

Statistical tests r P
MCC (ml) -0.16 <0.05
VV (ml) -0.15 <0.05
BC (ml/cm H,0) +0.09 <0.05
Qmax (ml/s) -0.10 <0.05
PdetQméx (cm H,0) -0.16 <0.05
PVR (ml) +0.13 <0.05
BCI -0.17 <0.05
BVE +0.19 <0.05

Table 3. Studies published in the literature and consulted for the present research: UTI, urinary tract infection; IPSS, international

prostate symptom score; DM, diabetes mellitus; USG, ultrasonography; SUI, stress urinary infection; UDC, uninhibited detrusor

contractions; SCI, spinal cord injury; CNS, central nervous system; PVR, post-void residual urine volume.

Authors N Exclusion Criteria Comments
Repetitive UTI Evaluation by IPSS questionnaire
Araki (2002) 550 Psychological disorders No exclusion of patients with DM
Medications 245 women
DM
Neurological diseases
Pelvic surgery No exclusion of patients under antidepressant
Use of anticholinergic medications medication therapies
Yang (2003) 125 . X . X
Estrogen therapy Exclusion of patients with SUI and UDC in any
Symptoms of bladder emptying degree
Pelvic mass on USG
Urodynamics with SUI or UDC
Dementia or Alzheimer’s disease
DM
Neurological diseases
Multiple Sclerosis or Parkinson’s disease
SCI or spinal malformations Assessment by:
Pfisterer 85 Bladder-sphincter dyssynergia bladder diary,
(2006) Active UTI urofluxometry and videourodynamics
B12 vitamin deficiency Only 14 women older than 70 years
Alcoholics
Previous radical hysterectomy
Previous abdominoperineal resection
Medications with CNS action
PRV > 100 ml - Grade I prolapse
. Prolapse > Grade II Only women with SUI were analyzed
Zimmern .. . L. . . .
(2014) 945 Conditions known to affect bladder function: Medication, pelvic surgery, or No exclusion of DM patients

Shin (2015)

cancer treatment
Previous surgery for urinary incontinence correction

Stroke, dementia or Alzheimer’s disease

Multiple sclerosis or Parkinson’s disease
625 SCI or spinal malformations
Bladder-sphincter dyssynergia

Active UTI

Secondary analysis of two previous studies

Only women with SUI were analyzed
No exclusion of DM patients
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Figure 1. (a) MCC and VV; (b) BC and PdetQmax; (c) Qmax and PVR; (d) BCI and BVE.

MCC is due to detrusor hyperactivity and not to aging itself. Likewise, two other
studies found no significant differences in this parameter:

Zimmern et al. (2014) reported an average MCC of 375.6 ml and 371.8 ml for
patients younger and older than 65 years. Respectively; and Shin, On and Kim
(2015) found a mean MCC of 354.2 ml and 361.4 ml for patients younger than
50 years and older than 69, respectively [14] [15] [16].

Our study found a decrease in MCC in elderly women. The group of patients
between 41 and 50 years old (B) had the highest mean MCC (394.3 ml), with a
progressive decrease according to age group. For patients older than 71 years
(E), the mean MCC was 295 ml, which represents a decrease of almost 100 ml in
this parameter (p < 0.001).

Void volume

We found an average void volume of 355.3 mL for patients aged between 41
and 50 years (B) and 225.4 mL for patients over 70 years (E). This behavior is
similar to the pattern observed for MCC, demonstrating a decrease in storage
capacity with aging. Only one study found statistical significance in this para-
meter, in agreement with our results. Shin, On and Kim (2015) showed a void
volume of 314 mL for patients younger than 50 years and 261.4 mL for patients
older than 69 years. Yang and Huang (2003) described a volume of 303 mL for
patients younger than 30 years and 239 mL for patients older 70 years, without
significant difference. Zimmern et al (2014) published another study in which
this parameter showed no significant differences between age groups, reporting
a VV of 310.9 mL and 294.4 mL for patients younger and older than 65 years,
respectively [15] [16] [17].

Bladder compliance
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The present study showed BC values of 29.2 mL/cmH,O in the age group 61 -
70 years (D) and 18.9 mL/cmH,O in the age group over 70 years (E), indicating
that compliance decreases only after 60 years of age, with a statistically signifi-
cant negative correlation (r —18, p = 0.032). However, none of the groups pre-
sented average BC values below 10 - 12.5 mL/cm H,O, which represents a higher
risk of upper urinary tract deterioration. Only one study evaluated the variation
in BC with age and the result was not significant. Zimmern et al. (2014) showed
BC of 56.5 mL/cm H,O and 58.5 mL/cm H,O in groups of patients younger and
older than 65 years, respectively [15] [18] [19].

Detrusor pressure at maximum flow

In our study, patients younger than 40 years (A) showed a PdetQmax of 31.9
cm H,0, while those older than 70 years (E) showed a PdetQmax of 22.9 cm H,O.
Pfisterer et al found a decrease of 36 cmH,O in 20 - 39-year-old patients to 26
cm H,O in patients older than 60 years, suggesting a decline in voiding function.

Two other studies reported significant difference for this parameter between
age groups: Zimmern ef al. (2014) showed an PdetQmax of 19.5 cm H,O for pa-
tients younger than 65 years and 14.0 cm H,O for patients older than 65 years (p =
0.003). Shin, On and Kim (2015) found an average value of 33 cm H,O for pa-
tients younger than 50 years and 26.2 cm H,O for patients older than 69 years (p =
0.016). Conversely, Yang and Huang (2003) found no statistical difference for this
parameter between age groups [14] [15] [16] [19].

Post-void residual volume

PVR is a parameter used to evaluate the void functionality of the bladder. We
found a significant difference between PVR values of different age groups: 31.9
mL for patients younger than 40 years (A) and 69.6 mL for patients older than
70 years (E). In the Yang and Huang (2003) study, PVR was the only parameter
with statistical significant difference (p = 0.003), with 37 mL for patients young-
er than 30 years; 17 mL for patients between 30 and 70 years old; and 57 mL for
patients older than 70 years. Shin, On, and Kim (2015) also found statistical sig-
nificance between age groups (160.1 mL and 120.2 mL, p = 0.0042). Conversely,
Zimmern et al. (2014) and Pfisterer et al. (2006) failed to demonstrate alterations
in PVR with aging [11] [13] [14] [19].

Maximum flow

The Qmax was another parameter that was evaluated. There is a difference with
statistical significance among the groups. The values obtained were extracted from
the flowmetry from the flow-pressure study and not from the free flowmetry. It
was found 18.6 ml/s in the group 41 - 50 years and 14.5 ml/s in the group older
than 70 years.

Pfisterer et al. (2006) evaluated both the Qmax in the free flowmetry and in
the flow-pressure study, finding statistical significance only in the second. In the
group from 20 to 39 years old, the mean Qmax was 26 ml/s and in the group
aged 60 years or more, 20 ml/s (p = 0.006). (13) Two other studies found statis-
tical difference. Zimmern et al. (2014) and Shin, On and Kim (2015) obtained a
Qmax of 26.2 ml/s (<65 years) and 22.0 ml/s (>65 years) with p = 0.002 and 26.3
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ml/s (<50 years) and 22.9 ml/s (>69 years) with p < 0.001, respectively. These
findings were obtained by free flowmetry [15] [16]. However, Yang and Huang
(2003) did not find statistical significance. The mean Qmax was 21 ml/s (group <
30 years) and 18 ml/s (group > 70 years) [17].

Bladder contractility index

Developed by Abrams, BCI is a numeric parameter to evaluate bladder func-
tion that is more appropriate than the nomograms for statistical and research
purposes [19].

In the present study, we observed a significant difference between BCI values
of different age groups, with 123.4 and 95.95 for patients aged between 41 and 50
years (B) and over 71 years (E). Based on this result, we show that there is a de-
cline in bladder function in elderly individuals, since patients with BCI lower
than 100 are classified as positive for weak detrusor contraction.

Two other studies evaluated BCI variation with age. Shin, On, and Kim (2015)
reported BCI values of 160.1 and 120.2 for patients younger than 50 and older
than 69 years old (p = 0.046). Conversely, Zimmern et al (2014) failed to
demonstrate significant difference between BCI of patients younger (BCI =
125.5) and over (BCI = 115.0) 65 years, obtaining a p value of 0.12. However,
when the authors evaluated this parameter continuously, they reported that BCI
decreased 7.68 + 1.96 for every 10 years of age increase (p < 0.001) [15] [16].

Bladder voiding efficiency

BVE was also developed by Abrams, although it is much less used than BCI.
This index evaluated the degree of bladder emptying [20].

Our results showed BVE values of 91.1 and 75.5 for patients aged 51 - 60 years
(C) and those aged > 70 years (E), respectively. These values indicate a clear de-
crease in bladder voiding capacity in more advanced age groups, presenting a
graph curve similar to BCI.

We did not find the use of BVE as an evaluation parameter of bladder func-
tion in other studies. Nevertheless, in the present study, this parameter behaved
similarly to BCI and was compatible with the other parameters.

Estimation of urodynamic parameters according to age

Linear regression is a statistical tool used in situations where a possible cause-
and-effect relationship between two quantitative variables exists. In our case,
aging would be the cause and bladder function decline would be the effect. The
expression of results in this type of statistical inference aims to evaluate the de-
pendence of xin relation to y; and to express this relation mathematically using
the following formula:

y = A+ BX,

where yis the dependent variable (response), x is the independent variable (pre-
dictive), A is a linear coefficient, and Bis the angular coefficient.

Hence, we propose equations that allow the estimation of urodynamic para-
meters values according to age. Formulas are routinely used to estimate the ex-
pected MCC in children, but we only found one report using this estimate in

adults. As in our study, equations were established through regression. We found
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no other publication that gives estimates of the other parameters according to
age [21].

Study limitations

It is a retrospective data analysis study; it may be subjected to bias and data
loss. Another limitation was the evaluation of Qmax, which in our study was
obtained by the flow pressure study and not by free flowmetry. Pfisterer et al
(2007) found a difference between the values. In the flow pressure study, the
mean Qmax was 22 ml/s and in the free flowmetry were 26 ml/s [22].

Moreover, in order to have a precise evaluation of the evolution of bladder
function with age in an ideal scientific scenario, it would be necessary to perform
urodynamic studies in the same individual throughout life. However, ethical and
moral issues would prevent a study with this proposal, since it is an invasive and
uncomfortable examination for the patient.

Decline in bladder function

Theories have been proposed to explain the decline of bladder function with
age. Pfisterer (2006) proposed that the sarcopenia of the elderly could affect the
bladder muscles, with menopause having an important role in the etiology [17]
[23] [24]. Animal studies suggest that structural alterations and sensory innerva-
tion of the bladder are responsible for bladder changes due to aging [25] [26].
Other factor, the parity, also influences the bladder function [27].

5. Conclusion

This study showed a decline in bladder storage function (reduction in MCC and
BC) and in bladder emptying (reduction in Qmax, PdetQmax, VV, BCI and BVE

with an increase in PVR) with age.
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