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Abstract

Introduction: To examine the reduction of transverse rectal diameter and its effect on bladder dynamics in children
with spinal dysraphism.

Methods: We prospectively evaluated 61 consecutive children with spinal dysraphism, 25 (41%) boys and 36 (59%)
girls, aged 4 to 16 years; mean age 9.3 &+ 3.8 years, who received bowel management. All children underwent echo-
sonographic measurement of transverse rectal diameter before and after starting bowel management. Also, all the
patients had undergone urodynamic studies before and after starting bowel management, with no changes in their
urological treatment.

Results: Bowel management caused an decrease in transverse rectal diameter by 56 +7.2% (p <0.001). In addition,
a decrease was observed for maximal detrusor pressure by 27.8 £7.8% (p <0.001), leak point pressure by 37.2 +4.4%
(p<0.001), and PVR by 36.7 £+ 8.0 (p <0.001). Maximum bladder capacity was significantly increased after bowel
management in both non-adjusted (36.4 & 14.8%; p <0.001) and adjusted analysis for age (39.4 +14.3%, p <0.001).
Detrusor compliance was also increased by 89.2 +24.8% (p <0.001). Female gender and % change of maximal detru-
sor pressure were significant predictors of transversal rectal diameter change in univariate as well as in multivariate
analysis (OR=10.548, 95% (| 2.309-48.180; p=0.002 and OR=1.121, 95% Cl 1.009-1.245; p=0.034).

Conclusions: Decrease in transverse rectal diameter may be useful for bladder function and urodynamic findings in
children with spinal dysraphism. Therefore, decrease in transverse rectal diameter should be a supplement to standard
urotherapy.
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Introduction

A complicated congenital neuroembryological disorder
which has an impact on several organ systems such as
bowel function and the bladder is known as Spina bifida.
It emerges from an inadequate closure of the neural tube

[1].

*Correspondence: drzoranradojicic@gmail.com

! University Children's Hospital, Belgrade, Serbia
Full list of author information is available at the end of the article

B BMC

It is common for children suffering from neurogenic
bladder disfunction which has originated due to spina
bifida to possess detrusor sphincter dyssynergia (DSD)
and detrusor overactivity (DO), as well as an uncontrol-
lable and highly active bladder, incontinence, overactiv-
ity in the pelvic floor musculature, and functional bladder
outlet obstruction. Correspondingly, the reason for an
increased amount of constipation which is often con-
nected with incontinence, is usually the spasm of the pel-
vic floor and the external anal sphincter [2].
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It has been considered common knowledge for a while
that constipation can have an impact on lower urinary
tract dysfunction in children who do not possess addi-
tional urological abnormalities [3, 4].

In contrast, the present available literature empha-
sizes a scarce amount of papers studying the correlation
between bladder and bowel dysfunction in patients with
spina bifida, with distinct results being recorded. In order
to provide frequent discharge of the colon and faecal con-
tinence, alleviate symptoms of constipation, and avoid
consistent overdistention of the rectosigmoid, a constant
administration of bowel management is crucial [5].

A noninvasive and dependable substitute in evaluating
the rectal filling state is the echosonographic measure-
ment of transverse rectal diameter, which could poten-
tially supersede digital rectal examination used during
the analysis of children suffering from constipation [5, 6].

This study assess the reduction of transverse rectal
diameter and its effect on bladder dynamics in children
with spinal dysraphism. The aim of our research is to
compare the results of transverse rectal diameter and
urodynamic studies in children with spinal dysraphism
before and after bowel management.

Materials and method

A study focused on the observation of children with spi-
nal dysraphism was conducted between 2014 and 2020
which took place at the University Children’s Hospital
in Belgrade within the Urology department. During the
referred period, 107 children suffering from spinal dys-
raphism were observed, whereas 79 of them fulfilled the
necessary requirements, out of which only 61 agreed to
be involved in the investigation. During that time frame,
61 sequential children who had fulfilled the necessary
requirements, and agreed to take place in the study with
spinal dysraphism were monitored, and were therefore
consecutively added in the study. In order to become a
part of the study, specific requirements needed to be met
by the patients. A period of 65 months, between June
2014 and October 2019 was when the recruitment proce-
dure took place.

Detailed methodology about inclusion and exclusion
from the study is published elsewhere [7].

The study encompassed only the spina bifida children
in whom constipation was confirmed based on the Roma
III criteria and the echosonographic transversal rectal
diameter that had to exceed 3 cm [6], while the other
patients had to be excluded from the study.

In addition, the study only included patients with the
detrusor overactivity (DO) and detrusor sphincter dys-
synergia (DSD) which confirmed on the basis of urody-
namic testing (cystometry). Finally, a requirement for the
inclusion in the study was that the patients had not been
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on bowel management before, or that they had been in
a period of time and quit at least 12 months before the
study began.

After the evaluation, all the patients were prescribed
bowel management combined with their urological treat-
ment. The observation period was one year.

Detailed methodology about the Bowel management
is published elsewhere [7]. In brief, bowel management
included diet regimen, retrograde transanal enemas of
the order 10-20 ml/kg/day, a maximum of 1 L of physi-
ological solution with an addition of glycerine, and if it
was necessary digital rectal stimulation and suppositories
(Bisacodyl sup 10 mg). Also, all the patients were pre-
scribed laxatives, those being Polyethylene glycol with
additional 0.7 g/kg/day of electrolytes. Two patients had
to undergo surgery, so a Malone continent appendicos-
tomy was drawn through the front abdominal wall at
the belly button, through which daily antegrade enema.
Regular controls for the purpose of evaluating the treat-
ment protocol, i.e. assessing treatment results in all the
patients, were carried out every 3 months.

In order achieve the greatest potential conformity
with the treatment, a psychologist was present to assist
both the children and parents. Following an observation
period of one year, the impacts of bowel management
with regard to the treatment of constipation were evalu-
ated on the basis of transverse rectal diameter before and
after starting bowel management. Every patient went
through urodynamic studies prior to, and following the
commencement of bowel management, where variations
in their urological treatment were not present.

Conditions at the time of the studies did not differ in
use of the anticholinergics and the practice of clean inter-
mittent catheterization (CIC), and also no intercurrent
operative corrections to bladder or spine had taken place.

Namely, all the patients were prescribed anticholin-
ergic medication therapy (Oxybutynin) 0.2 mg/kg/dose
three times daily (adapt according to body weight), and
all the patients were also regularly administered CIC
every 3 h through a continent vesicostomy, or through a
native urethra.

Detailed methodology about the Urodynamic Studies
is also published elsewhere [7]. In brief, the urodynamic
investigation was conducted according to the Interna-
tional Children’s Continence Society (ICCS) standards
[8]. Vesical pressure was recorded with a 6 Fr. double
lumen transurethral catheter, abdominal pressures with
a 8 Fr. catheter in a small rectal balloon. Activity of the
striated pelvic floor muscles was monitored by skin
electrodes on the perineum. The bladder was filled with
saline warmed to body temperature at a rate of 5-20 ml/
min, adjusted to a maximum of 10% of expected blad-
der capacity for age per minute. Bladder compliance was
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calculated during filling of the bladder at two thirds of
maximum bladder capacity by dividing volume in mil-
lilitres and pressure in centimetres water. Maximal cys-
tometric bladder capacity was defined by the maximum
volume instilled at 40 cm water pressure, or by the vol-
ume instilled before the start of urinary leakage. Detrusor
overactivity was diagnosed when repeatedly contractions
over 15 cm water pressure are seen. Detrusor leak point
pressure (LPP) was considered the least detrusor pres-
sure value in which urine loss occurred in the absence of
detrusor contraction or increase in abdominal pressure.
The peak detrusor pressure was calculated as the maxi-
mal pressure recorded by the cystometry curve during
the filling phase in a calm child. Immediately following
voiding, post-void residual volume (PVR) was docu-
mented right after voiding by catheterization via vesicos-
tomy or transurethrally in patients without vesicostomy
with regard to minors who were able to void volitionally.
Bladder filling was interrupted when the patient pre-
sented with bladder discomfort, strong voiding desire,
continuous urinary leak or when the pressure reached
40 cm H,O. We also calculated age-adjusted maximal
cystometric bladder capacity.

Transverse rectum ultrasound

During the cystometry via ultrasonography, the meas-
urements and recordings regarding the transversal rectal
diameter were obtained. The ultrasound was performed
with the patients lying face upwards as explained by Klijn
et al. [9] A 7.5 MHz probe was implemented roughly
2 c¢cm above the symphysis, on the abdominal skin. The
results were recorded using a reasonably full bladder
capacity spanning between 30 and 70% with regard to
age, at an angle of approximately 15 degrees below the
transverse plane. Two measurements were taken with
respect to the diameter of the rectum posterior of the
bladder, with an average between the two recordings
being determined for each patient. Each patient was
questioned in order to determine if they experienced any
sort of urge for excretion while the investigation was tak-
ing place, and the amount of time in which the patients
had defecated before the investigation. If the patient had
undergone excretion within the previous two hours, or
had experienced an urge to do so throughout the dura-
tion of the investigation the procedure would be post-
poned until the necessary conditions related to intestinal
emptying are met.

After one year observation we assessed the effect of
bowel management on transverse rectal diameter and
urodynamic findings and compared the results before
and after bowel management.

Kidney function alongside the upper section of the uri-
nary tract have been monitored through ultrasound prior
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to, and following bowel therapy. However, a direct evalu-
ation was not present in our study.

Side effects

Through the course of each visit, an investigation to
determine whether a list of potential side effects of bowel
management would occur including; rectal burn, chills,
nausea, chemical colitis, flushing, inflammation, dizzi-
ness, abdominal or anorectal pain, diarrhea, headaches,
sweating, facial flushing, abdominal pain, general dis-
comfort, and bowel perforation with severe and possibly
fatal complications. During the visits no side effects were
recorded.

Statistical analysis

Descriptive statistics were calculated for the baseline
demographic and clinical features, as well as treatment
outcomes. Continuous variables were presented as
means with standard deviations, while categorical vari-
ables are presented with numbers and percentages. Dif-
ferences before and after the treatment were analyzed
using Student’s paired T test. Maximal bladder capac-
ity values were adjusted for age according to formula
30+ (30 x age in years) for age up to 12 years, while after
12 age-expected bladder capacity is maintained at 400 ml.
Repeated measures ANOVA with gender as covariate
were used to assess gender differences in changes of uro-
dynamic parameters. Univariate and multivariate logis-
tic regression was performed to examine predictors of %
change in transversal rectal diameter. Mann Whitney test
for continuous data as appropriate. Changes in examined
variables are presented by box plot graph with dot plot,
each presenting individual Imeasurement of urodynamic
parameters [10] according to recommendations for data
visualization [11]. The level of significance was set at 0.05.
Statistical analysis was performed using the IBM SPSS 21
(Chicago, IL, 2012) package.

Results

An excess of 50% of participants in the study were female,
ranging between 4 and 16 years of age. Furthermore, a
majority of the patients (over 70%) suffered from aperta
spina bifida and an L5 level of lesion, or greater. The most
common form of spina bifida was myelomeningocele
(over 50%), whereas associated hydrocephalus was pre-
sented in beyond half of the cases.

Other relevant characteristics of study population in
total and according to gender are presented in Table 1.
Indefinite type of spina bifida and high grade VUR were
significantly more often observed in girls. Changes of
transverse rectal diameter and urodynamic parameters
after bowel management are presented in Table 2.
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Table 1 Baseline demographic and clinical features of study population

Variable n==61 Male n=25 Femalen=36 P
Age, years, mean £ SD 93+38 86136 98438 0.241
Spina bifida, n (%)

Aperta 48 (78.7) 17 (68) 31(86.1) 0.089
Occulta 13(21.3) 8(32) 5(13.9)

Level of lesion, n (%)

L5 or above 44 (72.1) 18 (72) 26 (72.2) 0.958
S1 or bellow 17 (27.9) 7 (28) 10 (27.8)

Type of spina bifida, n (%)

Myelomeningocele 35(574) 17 (68) 18 (50) 0.045
Meningocele 6(9.8) 2(8) 4(11.0)

Lipoma 11(18) 6 (24) 5(13.9

Indefinite type 9(14.8) 0(0) 9 (25)

Associated hydrocephalus, n (%) 33 (54.1) 16 (64) 17 (47.2)

VCUG done, n (%) 61 (100) 25 (100) 36 (100) NA
VUR confirmed, n (%)

Low-grade VUR" 3(4.9) 2(8) 1(28) 0.05
High-grade VUR™ 22 (36.1) 5(20) 17 (47.2)

Antibiotic prophylaxis“, n (%) 11(18) 7 (28) 4(11.1) 0.174
Continent vesicostomy done, n (%) 34 (55.7)

UretherovesicostomyT 21 (344) 5(20) 16 (44.4) NA
Appendicovesicostomy 11(18) 4(16) 7(19.4)

Prepucial vesicostomy 2(3.3) 2(8) 0(0)

Treatment administered earlier

Oxybutynin 4+ CIC 53 (86.9) 21 (84.0) 32(88.9) 0578
Oxybutynin 4+ CIC + bowel management” 8(13.1) 4(16.0) 4(11.1)

Orthopaedic surgical intervention on hip, knee and foot 48 (78.7) 7 (28.0) 8(22.2) 0.606
deformities, n (%)

Bed-ridden patients, n (%) 13(21.3) 4(16) 9 (25) 0.399

VCUG voiding cystourethrograms; VUR vesicoureteral reflux; NA not applicable
*|, I1and Ill degree, endoscopically treated with Deflux paste

**IV and V degree, surgically treated with execution of ureteroneocystostomy
* From distal end of ureter after executed ureteroneocystostomy

¥ Administered during the observation period (one-third of therapy dose every evening before bed)

" Bowel management quit at least 12 months before the study began

Table 2 Changes of transverse rectal diameter and urodynamic
parameters after bowel management

Before After p

Transverse rectal diameter 494484 21646 <0.001
Maximum bladder capacity 1788+£932 23154986 <0.001
Decrease in maximal detrusor 61.6+£144 4484127 <0001
pressure

Detrusor compliance 3142 57+33 <0001
Leak point pressure 583116 365+£76 <0.001
Post-void residual volume 16494589 106.7+£47 <0.001

Bowel management caused an decrease in trans-
verse rectal diameter by 56 +7.2% (p<0.001) (Fig. 1).
We have examined transversal rectal diameter accord-
ing to gender. There was no significant difference in
transversal rectal diameter before bowel management.
In contrast, after bowel management there was a sig-
nificant difference in transversal diameter, diameter
was lower in girls and percent change of diameter was
higher in girls are presented in Table 3. In addition, we
have examined transversal rectal diameter according to
lesion level. There was a significant difference in trans-
versal diameter before bowel management, diameter
was lower in S1 and bellow lesion, while there was no
difference between transversal diameter after as well



Radojicic et al. BMC Urology ~ (2022) 22:155

Page 5 of 9

100
& o}
80 | e
o o
> 88188
1))
o 0 X8I
> 60 - 0000
2 oS
3 3P0
= 40 - olo-
®©
E
<
®©
E 2 |
0 T 1
before after
300 -
-7
(o]
[0)
€
>
o 200 4 D
> A 1S
© Qo o|o
3 e
° o
9 o
o L . ©
5 S
> 100 - N
3 <lo- 00
Q "’j: o€
0 T 1
before after

100 -+
. 80 -
2
Q
€
@
S 60 -
3
3]
o
3 40 -
)
>
)
c
o
= 20 4
0 T 1
before after
100 -~
80 -
o onelﬁo o
a [oXex(e]
@ 60 - ~
[ ~O
S P
5 oz b o,
id 0 (0)
3 oo
20 -
0 T 1
before after
Fig. 1 Changes of transverse rectal diameter and urodynamic parameters after bowel management

Table 3 Changes of transverse rectal diameter according to

Table 4 Changes of transverse rectal diameter according to

gender lesion level

Male Female p L5 orabove S1orbellow p
Transversal diameter before 50+69 49.1+£93 0692 Transversal diameter before 511482 451+73 0.011
Transversal diameter after 232432 20.5+£51 0020 Transversal diameter after 222447 202+4 0.141
% change of transversal diameter ~ — 527481 —582+56 0.003 % change of transversal diameter ~ —564+76  —55%+6.1 0527

as % change of transversal diameter according to lesion
level are presented in Table 4.

In addition, a decrease was observed for maximal det-
rusor pressure by 27.8+7.8% (p <0.001), leak point pres-
sure by 37.2+4.4% (p<0.001), and PVR by 36.7+8.0

(p<0.001) (Fig. 1). Maximum bladder capacity was signif-
icantly increased after bowel management in both non-
adjusted (36.4+14.8%; p<0.001) and adjusted analysis
for age (39.44+14.3%, p<0.001). A significant interaction
was observed for gender and maximal bladder capacity
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(p=0.023), as girls had significantly higher maximal
bladder capacity in the beginning of treatment, com-
pared with male. Detrusor compliance was also increased
by 89.24+24.8% (p<0.001) (Fig. 2). Results of univari-
ate logistic regression with transversal rectal diameter
as depended variable are presented in Table 5. Female
gender and % change of maximal detrusor pressure
were significant predictors of transversal rectal diam-
eter change in univariate as well as in multivariate anal-
ysis (OR=10.548, 95% CI 2.309-48.180; p=0.002 and
OR=1.121, 95% CI 1.009-1.245; p=0.034).

Also, we have examined changes of urodynamic param-
eters and transversal diameter with lesion level interac-
tion. We used repeated measures ANOVA with factor
interaction. Significant interaction was found in changes
of transversal rectal diameter and lesion level (p =0.029).
We have found no significant difference in changes of
urodynamic parameters with lesion level interactions
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(maximum bladder capacity * lesion level p=0.402; max-
imal detrusor pressure*lesion level p=0.281; compliance
* lesion level p=0.245; leak point pressure * lesion level
p=0.533, PVR* lesion level p=0.117).

We have found no significant difference between per-
cent changes of transversal diameter and percent changes
of urodynamic findings.

A great degree of compliance was evident by the
patients throughout the observation period with regard
to the treatment protocol with the exception of a total of
three patients with follow ups less than a year as a result
of the prior therapy discontinuation.

Discussion

It has been known for a long time now how constipation
can impact urinary tract infections (UTIs), lower urinary
tract function, and urinary incontinence in children who
do not possess other urological deformities [3, 4].
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Table 5 Univariate logistic regression for percent change of transversal rectal diameter

B S.E. Sig. OR 95% Cl for OR

Lower Upper
Gender 2.157 0.725 0.003 8.643 2.086 35.808
Age —0.056 0.082 0497 0.946 0.805 1111
% max bladder capacity 0.022 0.022 0314 1.022 0.980 1.066
% max detrusor pressure 0.097 0.047 0.040 1.102 1.004 1.209
% compliance —0.019 0.012 0.133 0.981 0.958 1.006
%leak point pressure —0.285 0.153 0.063 0.752 0.557 1.015
% PVR 0.120 0.107 0.262 1127 0914 1.389
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Many theories exist clarifying the correspondence
between lower urinary tract dysfunction and constipa-
tion, such as the anatomical proximity of the bladder
and urethra to the rectum and their typical embryologi-
cal origin and comparable innervation [12].

A potential alternate explanation might be that when
a significant amount of fecal matter is retained in the
rectum and sigmoid colon, compression of the blad-
der is caused inclusive of the neck, therefore substan-
tially impacting bladder capacity and contractility (via
decreasing functional capacity through stimulation of
a rise in bladder contractility) [13], or absolutely block
bladder activity [14].

In addition, one other way in which this may be
explained is through the robust link between the blad-
der and bowel in the central nervous system [15].

Regardless of the various disputable arguments sur-
rounding the predictive value of transverse rectal diam-
eter in the analysis of functional constipation, this
evaluation is being portrayed as an extremely impor-
tant tool with respect to diagnosing functional consti-
pation in children [16, 17].

It has been expressed by a number of authors that
digital rectal examination could potentially be substi-
tuted by identifying transverse rectal diameter as an
accurate parameter, and at the forefront of investigating
functional constipation [9, 18, 19].

Moreover, a significant deviation has been observed
when analyzing the cut-off point utilized in establish-
ing a connection between functional constipation and
increased rectal diameter, with the proposed cut-off
points spanning from 2.4 to 4 cm [6, 9, 20, 21].

Nevertheless, the available literature at present shows
that there are a limited number of papers studying the
relationship between bladder dysfunction and bowel
dysfunction in spina bifida patients, with conflicting
results.

Among the very few studies available on the subject,
there is one paper by Kort et al. which resulted in no sta-
tistically pertinent alterations being determined in uro-
dynamic parameters once bowel management in patients
with spina bifida was administered. With reference to
bladder compliance, bladder capacity, bladder instability,
and leak-point pressure, no major changes were recorded
[2].

However, a study by Cameron et al. which investigated
the intensity of bowel dysfunction in patients with neu-
rogenic bladder comprised of completely contradictory
findings. The direct correspondence between bowel
symptom scores with lower urinary tract symptoms and
bladder incontinence manifestations, outlines the impor-
tance for urologists to acknowledge urinary issues in con-
junction with bowel dysfunction [22].
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A recent study of ours precisely demonstrated how the
administration of bowel management could be helpful
with regard to urodynamic discoveries and bladder func-
tion in children suffering from spinal dysraphism who
have detrusor sphincter dyssynergia and overactivity [7].

The prevalence of neurogenic bowel complications
with reference to the subjects participating in our inves-
tigation inclusive of fecal incontinence, abdominal pain,
constipation, and soiling were 89% and does not differ
significantly from the current literature.

But so far we did not examined reduction of transverse
rectal diameter and its effect on bladder dynamics in
children with neurogenic bowel and bladder dysfunction.

For that very reason, the aim of the present study was
to test the reduction of transverse rectal diameter and its
effect on bladder dynamics in children with spinal dysra-
phism with DO and DSD.

Owing to the administered bowel management in our
present study, we caused an decrease in transverse rectal
diameter by 56 +7.2%.

Bowel management was equally effective in our
patients regardless of the type of lesion, although the
transversal diameter was lower in S1 and bellow lesion
before the implementation of bowel management. Also,
after bowel management transversal diameter was lower
in girls and percent change of diameter was higher in
girls, and as a possible reason for that we emphasize bet-
ter compliance with therapy in girls, that we will consider
in future studies.

Consequently, we were able to demonstrate how
administering bowel management attained significantly
more control over constipation which was indicated in
echosonographic transversal rectal diameter <3 cm, in 59
(96.7%) of the patients with spina bifida.

In addition, the results of the present study clearly
indicate that decrease in transverse rectal diameter may
noticeably changes the urodynamic variables of neuro-
genic bladder dysfunction in children with spinal dysra-
phism with DO and DSD.

The effect was confirmed by an increase in maximum
bladder capacity, a decrease in maximal detrusor pres-
sure and an increase in bladder compliance. There was
also significant reductions in leak point pressure and
significant reductions in PVR in our patients who could
achieve spontaneous voiding. A significant interaction
was observed for gender and maximal bladder capac-
ity (p=0.023), as girls had significantly higher maximal
bladder capacity in the beginning of treatment, compared
with male. Also, female gender and % change of maximal
detrusor pressure were significant predictors of transver-
sal rectal diameter change. Therefore, we conclude that in
children with spinal dysraphism with neurogenic bowel
and bladder dysfunction, decrease in transverse rectal
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diameter may be useful for bladder function and urody-
namic findings. It is difficult for us to say to what extent
and through which exact mechanism decrease in trans-
verse rectal diameter may be useful for bladder function
in our patients, but we will seek answers to these ques-
tions in future urodynamic testing.

However, bowel management is a big challenge. Its
beneficial effects last only while the therapy is carried
out, which can be seen in the example of our 12 patients
in whom bowel management was previously imple-
mented, then discontinued on their own initiative, and in
whom there was a complete return of constipation due to
discontinuation of therapy.

Bowel management does not exclude standard urother-
apy, but is a supplement to standard urotherapy, which
may be useful for bladder function and urodynamic
findings.

The limitations of the present study include the small
number of studied patients, and the fact that the study
was not randomized. Due to the specific way in which our
study is constructed, it is impossible to establish whether
or not the effect discovered (urodynamic change) is the
outcome solely from the resolution of transverse rectal
diameter or whether with the passage of time or through
the use of other potential treatments like anticholiner-
gics, and/or others similar, have led to the improvement
of the participants. Moreover, this is a drawback that
must be taken into consideration for future investiga-
tions. It is also a disadvantage that we will consider in
future studies. The additional limitations of the study are
that we did not investigate the kidney function and mor-
phology before and after bowel management. These limi-
tations should be taken into consideration before further
research is conducted.

Conclusion

Decrease in transverse rectal diameter may be useful for
bladder function and urodynamic findings in children
with spinal dysraphism. Therefore, decrease in trans-
verse rectal diameter should be a supplement to standard
urotherapy.
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