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Orthotopic neobladder represents the best option for bladder reconstruction in
terms of body image preservation and postoperative QoL for patients submitted
to radical cystectomy. This technique offers also good short-term and logn-term
functional outcomes. Nowadays, ileal orthotopic neobladder is the the bladder
reconstruction of choice for both sexes of because there is large evidence of its
superiority respect to other techniques in terms of surgical and functional results.
Complications may develop during the follow-up, therefore clinical and
instrumental adequate assessment is mandatory to early recognize alterations
of neobladder function thus to prevent damages to the reservoir itself and to the
kidney function, which can affect patients’ quality of life. Literature has shown
that urodynamics and videourodynamics have significantly contributed to assess
the functional aspects of ileal neobladders since the beginning of their use in
patients submitted radical cystectomy, helping surgeons to improve the
technical aspects of the procedure. After the preliminary results, many groups
have observed that urodynamics and videourodynamics are the best tools to
evaluate morphology and function of ileal neobladders. These diagnostic
methods help to correctly diagnose the cause of altered neobladder function
simultaneously providing anatomical informations that can be related to clinical
signs and symptoms. Recent studies have confirmed the usefullness of these
instruments also in patients with ileal neobladder achieved by laparoscopic and
robotic approach, confirming the higher diagnostic value also respect to modern
imaging techniques, as three dimensional computed tomography and
magnetic resonance.
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Introduction

On the basis of the EAU Oncologic Guidelines, radical
cystectomy (RC) is prescribed in patients suffering from T2-
T4a, NO-Nx, or MO disease (1). However, also patients
experiencing recurrent high-risk non-muscle invasive
urothelial carcinoma, not responsive to immunotherapy or
intravesical chemotherapy, or subjects presenting tumors that
cannot be managed by endoscopic surgery, are eligible for RC
(2). In the pre-operative assessment, surgeons discuss with
patients which type of urinary diversion (UD) should be
adopted after RC, and ileal conduit or neobladder
reconstruction has to be considered (1). The most important
factors that should determine the choice between the two
reconstructive techniques are the patient’s age, comorbidities,
cognitive status, and patient’s desire, ensuring to have provided a
well-informed decision, aiming to a successful treatment and
preventing the risk of postoperative regret (3). Despite that
complications of RC are uniformly reported in literature, most
of these depend on type of UD (4). Therefore, it is important an
adequate selection of the reconstructive technique after RC to
avoid severe complications and to protect patient’s quality of life
(QoL). Patients suitable for orthotopic neobladder are
submitted, after RC, to surgical techniques allowing to replace
the native bladder by bowel reconfigured segments in the pelvis
(neobladder). This reservoir maintains urinary continence due
to the preservation of the external urethral sphincter. As
reported by the EAU Oncologic Guidelines, orthotopic bladder
techniques are now used both in men and women, and there is
large evidence of their safety and reliability during the time (1).
For these reasons, most patients undergoing RC receive
orthotopic bladder substitution (1, 5, 6). Performing
orthotopic UD pertains to expert surgical teams, generally in
high-volume centers, because it requires not only the correct
selection of patients but also good surgical experience and
preparation to train the patient in the management of the
neobladder and, above all, the ability to early recognize and
manage the possible functional complications related to it. In the
following paragraphs, we will describe technical principles of a
neobladder reconstruction and the main functional
complications that can develop. Then, the contribution of
urodynamics (UDM) and video UDM (VUDM) to the
development of the most modern techniques of orthotopic
neobladder reconstruction and the indication to use these
tools for the diagnosis and management of complications
associated with UD will be discussed. A specific research
strategy on PubMed has been adopted using the following
keywords: urodynamic/video urodynamic/neobladder/
orthotopic urinary diversion/radical cystectomy. Moreover, the
following documents have been examined regarding bladder
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cancer management and urodynamics techniques: “European
Association of Urology Guidelines” and the “Good
Urodynamic Practices”.

Orthotopic neobladders: surgical
technique, functional aspects,
and complications

Orthotopic neobladder is the preferred procedure for
bladder substitution, allowing body image preservation and
good QoL after surgery (7). There is large evidence in
literature that orthotopic neobladders provide good functional
outcomes, especially when ileum is adopted for the
reconstruction. In 1987, Hautmann was the first to report the
surgical steps and clinical results of this kind of procedure (8).
Since this experience, the advantages of the use of ileum for
bladder reconstruction were clearly shown: good capacity,
compliance, and low incidence of both ureteral reflux and
urinary incontinence (UI). Different shapes of ileal
neobladders have been proposed and reported in literature.
However, the most important principles that make these
reservoirs feasible to reproduce the anatomy and function of a
native bladder are the use of a detubularized segment of ileum,
the creation of a reservoir as similar as possible to the shape of
the native bladder, and an uretero-neo vesical anastomosis with
anti-reflux technique. The spherical shape helps to minimize the
absorptive surface, whereas detubularization along the anti-
mesenteric border reduces pressure peaks caused by
coordinated bowel contractions (9). Indeed, a spherical shape
of the reconstructed bladder achieves four times the capacity and
a quarter of the pressure respect to those of a cylinder-shaped
made with the same bowel extension. Even if some papers report
somewhat advantages of sigmoid neobladders in terms of
spontaneous voiding, large part of literature shows better
functional results in patients with ileal ones in terms of bigger
capacity, lower intra-neobladder pressures, daytime and
nighttime UI, and risk to develop reflux (10). Following
Hautmann’s normative work, many authors have proposed
different surgical techniques for bladder reconstruction using
the ileum. Among the most used techniques, there are the Studer
neobladder (11), the Padua neobladder (12), the Camey
neobladder (13), and the U-shaped neobladder (14). All these
techniques have substantially overlapped results, with some
differences depending on the number of cases and the follow-
up period. Ileal neobladders are all characterized by
postoperative short-term and long-term complications (15).
Short-term complications occur within 30 days from surgery
and can be sub-divided in minor (fever, wound dehiscence,
pneumonia, anemia needing blood transfusion, or ileus) and
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major (sepsis and the need of surgical re-treatment). Long-term
complications are considered those developing after 90 days
from surgery, and the most reported are urinary tract infections,
vesicourethral anastomosis stricture, ureterolithiasis, and
neobladder stones. Functional complications of orthotopic ileal
neobladders according to the Clavien Dindo classification were
reported by Cicione et al. (9). In this paper, the authors describe
functional complications as reported by review manuscripts.
First of all, they resumed data about incidence of U], reported as
a rate varying from 15% to 50% of patients suffering from
nighttime incontinence (16). The UI mechanism in orthotopic
neobladder setting is multifactorial, attributable to absence of
guarding reflex, persistence of bowel peristaltic activity, low
compliance of the pouch, or sphincteric deficiency. The higher
rate of nocturnal UT has been explained also as due to overnight
greater urine output after neobladder than before RC. The
nocturnal secretion of vasopressin makes hyperosmolar urine
and leads intestinal neo-bladder wall to secret water to reduce
urine osmolarity (17). Another functional complication reported
in these case series is urinary retention. Patients submitted to
orthotopic neobladder usually learn to urinate spontaneously by
the relaxation of the pelvic floor using abdominal pressure. Most
authors suppose that urinary retention is due to a kink in the
urethral-neobladder anastomosis as the reservoir falls
posteriorly during Valsalva maneuver. However, autonomic
denervation of the urethra with inability to relax the sphincter
has been also suggested (17). Long-term follow-up of ileal
orthotopic neobladders shows the occurrence of other possible
urinary functional complications: neobladder-ureteral reflux,
uretero-renal hydronephrosis, and stones formation in the
urinary tract. The incidence of complications is variable
among the different case series. However, these complications
are responsible for symptoms and clinical signs and can decrease
renal function and reduce QoL. This is the main reason why the
management of patients with orthotopic UD must be entrusted
to expert teams and, above all, using of evaluation tools suitable
for a precise morpho-functional assessment.

Urodynamic assessment of
orthotopic ileal neobladders

UDM and VUDM represent the best method to assess
bladder-sphincteric function and to evaluate its morpho-
functional characteristics. According to the “Good
Urodynamic Practice”, the aim of clinical UDM “is to
reproduce symptoms while making precise measurements in
order to identify the underlying causes for the symptoms and to
quantify the related pathophysiological processes” (18). As
above reported, orthotopic ileal neobladders may be affected
by functional alterations that can determine urinary symptoms,
especially in the long-term follow-up. However, independently
from symptoms evidence, a proper evaluation of neobladder
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function should be mandatory to prevent damages to the
reservoir itself and to the upper urinary tract. UDM and
VUDM have been used to evaluate neobladders since many
years. Preliminary studies on UD have been done on Kock ileal
reservoirs since 1995 (19) and 1996 (20), showing that these
techniques could achieve good results in terms of UI, voiding
function, and patient’s QoL. These studies highlighted that
pressure inside the reservoir was low due to detubularization,
reducing the risk of UI and ureteral reflux (21). A significant
report on UDM evaluation of ileal neobladder has been
described by the group of Alcini in 1997 (22). These authors
reported the results of a survey including 60 men submitted to
ileocaeco-urethrostomy with multiple transverse
taeniamyotomies. On the basis of UDM outcomes, they
concluded that taeniamyotomies could provide similar
outcomes than a detubularized bowel, with a low tension on
the intestinal wall and consequent low internal pressure, a near-
spherical shape, allowing at the same time a good basal tone thus
to guarantee optimal emptying and avoiding deterioration of the
reservoir. Similar experiences have been reported by numerous
groups on the following, different, neobladder techniques: Studer
neobladder (23), Hautmann neobladder (24, 25), ileal-W
neobladder (26), vesica ileale padovana (VIP) (27), ileal S-
pouch (28), Roaxel Coadou reservoir (29), U-shaped
neobladder (30), Camey neobladder (31), and the Perugia
neobladder (32). A very large experience on UDM performed
in urinary diverted patients is reported by Muto. This Italian
group collected data from 606 patients operated from 1992 to
2012, with a very long mean follow-up (81 months) (33). This
paper clearly described how UDM contributes to show and
support the functional results of ileal neobladders reconstructed
using staplers, and the authors suggest this surgical technique
also for laparoscopic and robotic approaches. In all the
procedures reported by the manuscripts abovementioned, ileal
reservoirs were obtained by ileal detubularization and using anti-
reflux ureteral-neobladder anastomosis. Some years after these
studies, a long-term analysis of functional outcomes of ileo-caeco
urethrostomies was performed by Carbone et al. using VUMD
and a simultaneous pelvic floor electromyography (34). This
experience revealed the better contribution provided by the
VUDM technique due to the following reasons Table 1:

- it allows an evaluation of neobladder morphology,
assessing if the anatomical result corresponds to that
required by the reconstructive technique;

- it contributes to identify residual peristaltic activity;
- it allows to document ureteral refluxes;

- it contributes to diagnose type and severity of UL, allowing
more precision in the definition of the leak point
pressure by combining the instrumental pressure
recording with the simultaneous observation of the
contrast in the urethra;
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TABLE 1 Urodynamic and Video urodynamic outcomes: comparison between bladder and neobladder findings.

PARAMETER BLADDER

Compliance

Maximum capacity

normal subjects at about 500 mls

Filling sensation
filling phase

Overactivity Secondary to involuntary detrusor activation

Voiding pressures and

flows to urinate relaxing the external urethral sphincter

Morphologic findings
(Video urodynamic
investigation)

Physiologic spheric morphology

sphincter.

Morphology of the urethra and presence of possible strictures have to

be investigated.

- it allows to observe the morphologic characteristics of the
urethra and to record pressures in the abdomen during
straining, pressures inside the reservoir, and the
micturition flow;

- when performed, perineal electromyography allows to
verify the normal muscle reflexes during stress tests and
to evaluate if patient can adequately relax or not the
perineal floor during abdominal straining exerted to
void the neobladder.

Even if not all the authors report the methodology, usually
UDM and VUDM are performed with patients in lying or
standing position, using a 6-Fr bladder catheter to fill the
neobladder and a rectal balloon to register abdominal pressures.
Filling is performed usually at low speed (20-30 ml/min). In the
VUDM test, contrast medium instead of saline solution at room
temperature is used. Only few authors add perineal superficial
electromyography to record the pelvic muscle activity.

VUDM was introduced for the evaluation of ileal
neobladders by Hautmann since 1987 (35) and 1988 (36).
The authors designed a study properly dedicated to show
functional outcomes of the ileal neobladder used for total
bladder replacement. Following this experience, Aboseif and
collaborators assessed ileal neobladder function and its
continence mechanism in women 6 months after RC (37).
The authors highlighted the contribution of the VUDM for
diagnosing UI, showing intrinsic sphincteric deficiency with a
low-mean abdominal leak point pressure of 48.3 cmH2O0.
During the following years, RC techniques have improved
and mini-invasive approaches have been developed.
Nowadays, high-volume centers perform RC and bladder
ileal reconstruction by laparoscopic and robotic assisted
procedures. Laparoscopic RC was firstly described in 1992,
and after this, pioneering report described that laparoscopic
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Increase of 2-3 cm H20 of pressure / 100 mls

Can vary by the patients. Usually strong desire to void is reported in

Present and reported as desire to void, and increasing during the

Secondary to activation of detrusor induce by the willing of the patient

Refluxes, residual volume after voiding, diverticula, stones, urinary
leakage must be investigated as the behavior of the external urethral

04

NEOBLADDER

Pressure inside the reservoir should not exceed 40 cmH20

May vary among the different reservoirs. Literature reports
volumes from 200 up to 800 in the Hautmann reservoir

Usually reported as increasing pressure inside the abdomen and
not as a desire to void

When present is the consequence of persistent peristaltic activity
of the bowel

Secondary to abdominal straining, usually with an intermittent
flow following the abdominal pressure

Morphology depends on shape of the reservoir

Refluxes, residual volume after voiding, diverticula, stones,
urinary leakage have to be investigated.

Morphology of the urethra and presence of possible strictures
have to be investigated as the behavior of the external urethral
sphincter.

Residual peristaltic activity can be easily diagnosed observing the
wall of the reservoir in real time monitoring

and robotic RC combined with different UD techniques have
been described as reproducible and characterized by low
morbidity (38, 39). However, the affirmation of minimally
invasive procedures for RC and intracorporeal bladder
reconstruction has been supported by the observation of the
favorable long-term functional results shown by UDM and
VUDM. First report of VUDM combined with perineal
electromyography performed on patients submitted to
laparoscopic RC and totally intracorporeal ileal neobladder
reconstruction dates to 2015 (40). The case series was
comprehensive of 30 male patients evaluated after 6 months
from surgery. Authors explored neobladder morphology,
reservoir compliance, residual peristaltic activity, prevalence
and type of UI, mean post-void residual volume, prevalence
of ureteral reflux, and micturition pattern. On the basis of all
these observations, the manuscript reported that the
laparoscopic RC and intracorporeal neobladder
reconstruction allowed to achieve not only good surgical
outcomes but also satisfying functional results. This report
defined the VUDM as the best tool to investigate neobladder
function also after intracorporeal procedure because it offers
an assessment of morphologic and functional details in a “real
time” evaluation. In fact, VUDM overcomes the low
sensitivity and inaccuracy of traditional cystography, or
other imaging methods as computed tomography and
magnetic resonance in the evaluation of functional
complications of UD avoiding patients a second invasive
diagnostic test. In this experience, the authors were capable
to precisely associate clinical signs and symptoms to the
VUDM findings: patients with high peristaltic activity were
those suffering from neobladder-ureteral reflux; residual
peristaltic activity was also associated with nocturnal
urinary leakage; during VUDM, it was observed that
patients with high Body Mass Index (BMI) had reduced
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neobladder expandability. Observations recorded during
voiding phase showed that patients experiencing voiding
dysfunction and higher post-void residual presented
perineal-floor pseudo-dyssynergy. Stress UI was associated
with high BMI and iatrogenic damage to the external
sphincteric function. UDM and VUDM have been also
adopted for the morpho-functional assessment of ileal
neobladders achieved by totally intracorporeal robotic-
assisted procedures. Minervini et al. reported their positive
experience with a robotic intracorporeal neobladder
configuration, showing good results by UDM findings in
terms of neobladder capacity, compliance, and post-void
residue (41). Satkunasivam et al. focused research on UDM
outcomes and urinary function achieved in 28 men submitted
to intracorporeal robotic ileal neobladder with a 9-month
follow-up; the study showed very low post-void residual
volume, good capacity, and compliance of the neobladder
(42). UDM outcomes between robotic assisted intracorporeal
versus extracorporeal neobladder have been compared in a
prospective study on 40 men (43). UDM was performed 1
year after the surgical procedure. In this study, a precise
report of UDM procedure is reported (7-Ch urethral catheter,
10-ml rectal balloon, filling cystometry with normal saline at
room temperature, and 20-50 ml/min with maximum
distension up to 700 ml). Good compliance and maximum
capacity, normal pressures, and flow during micturition have
been reported with no significant difference between the two
techniques. These results confirmed those coming from other
studies performed by Singh and Nayak (44, 45). Similar and
favorable results have been described by the Italian group of
Porpiglia in 45 patients submitted to Y-shaped totally
intracorporeal neobladder reconstruction, followed by UDM
at 12 months (46). The results of this investigation, which
compared the robotic with the open approach, showed higher
cystometric capacity with the open procedure, as higher
maximum flow, and voiding volume during micturition,
whereas continence outcomes resulted better in subjects
submitted to robotic reconstruction. Favorable outcomes
have been reported by UDM in patients submitted to
robotic-assisted augmentation cystoplasty (47). Differently
from oncologic case series above reported, these subjects
suffered from neurogenic voiding dysfunction. The case
series was represented by seven men and three women, and
UDM results were described as excellent in terms of
full continence, maximum cystometric capacity, maximum
detrusor pressure, associated with no hydronephrosis, or de
novo renal insufficiency. Some data are available from
literature on UDM findings and urethral pressure profile
results in patients with nocturnal enuresis after ileal bladder
reconstruction. These studies revealed that men experiencing
enuresis presented more severe residual peristaltic activity of
the ileal neobladder if compared to continent individuals
during filling cystometry (48). Moreover, it has been
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documented that patients suffering from enuresis had
reduced urinary flow indexes than continent men and also a
lower functional urethral length and lower values of closure
urethral pressure. UDM findings were also useful to assess the
favorable effects of drugs (oxybutynin, verapamil, and
mebeverine) on controlling nocturnal enuresis in patients
with ileal neobladders (49, 50), supporting the use of these
treatments. Some authors focused their attention on voiding
dysfunction in patients with ileal neobladder. Keszthely et al.
designed a study to investigate etiology of UI and voiding
alterations of men submitted to RC and modified ileal
neobladder (Reddy) (51). Results were assessed by
uroflowmetry, pressure/flow study, and urethral pressure
profile. This study confirmed the voiding pattern of these
subjects, who all voided the neobladder by the Valsalva
maneuver; a significant maximum closure pressure of the
external sphincter and maximal pressure values induce by
voluntary control of the sphincter between patients partially
or totally incontinent were described. The results of these
investigations further support the evidence that the most
important parameters of continence after RC with
neobladder are represented by urethral pressures under
resting conditions and during voluntary closure, a good
capacity, and no significant residual bowel hyperactivity.
Similar findings have been reported by Steers in a cohort of
urinary diverted patients (men and women) with different
surgical techniques of bladder reconstruction (52). On the
basis of the outcomes of UDM, the authors underline the
importance to know the pathogenetic mechanisms and risk
factors of voiding dysfunction because the design of the
neobladder, the operative technique, and accurate selection
of patient are all crucial to achieve good outcomes. The use of
neurophysiologic instruments combined to UDM and
VUDM allows to better assess voiding dysfunction in
patients with ileal neobladder. Perineal electromyography
has been used in some studies to diagnose pseudo-
dyssynergy during neobladder emptying (22, 34, 40).
However, other neurophysiologic tests applied during UDM
in urinary diverted patients provided interesting information
about bladder neural control. As well known, bladder
distension causes modification of somatic spinal
motoneurons activity. Previous studies based on the soleus
H reflex showed that this modulation develops at spinal level
through propriospinal pathways (53). It has been observed
that bladder afferent fiber activity reduces spinal
motoneurons during bladder filling. This does not happen
in ileal neobladders, as described in 2014 by Italian authors
who reproduced this test in eight men who undergone RC
with neobladder reconstruction. The results of this study,
showing that neobladder distension does not inhibit the
spinal motoneuron activity, induced to conclude that ileal
afferent fibers do not act on modulation of spinal
motoneuron’s activity as bladder afferent fibers do (54).
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This is one of the reasons that explain why urinary diverted
patients with neobladder do not feel the same sensations
during the neobladder distension as subjects with a native
bladder do.

Discussion

The reported data show that both UDM and VUDM have
been widely used for the assessment of orthotopic ileal
neobladder surgical technique and for the evaluation of
symptoms secondary to the alterations in the function of this
type of UD. These diagnostic methods have shown to be feasible
either to evaluate neobladder filling phase and voiding function.
Almost all the studied examined support the good capacity,
compliance, and anatomic results of these reservoirs also
regarding the voiding function. In addition, it is largely
reported their usefulness for diagnosing morphological and
functional alterations that can develop during the
postoperative time. Despite the large use of these diagnostic
procedures, there is still no evidence about a standard UDM
assessment of the intestinal neobladder. The studies presented
by our report present different methods, and the case series
obviously differ for type of neobladder examined, population
sex, mean age, race, and for extension of follow-up. Regarding
the UDM procedures, it must be considered that the same
principles and parameters applied to an intact native bladder
have been used for the ileum. Moreover, UDM results are
conditioned by the shape and part of the bowel used. We can
therefore assume this consideration as one of the limits of our
report. Another limit should be considered the fact that most of
studies have been performed on male population, whereas mixed
cohorts and studies performed only in women are the minority.
Nowadays, no prospective, randomized, multi-center clinical
trials are available on this topic. However, it must be
considered that the positive conclusions of all reported studies
overlap, and this fact supports the use of UDM and of VUDM in
the assessment of orthotopic ileal neobladders. Specifically, the
simultaneous morphological and functional evaluation provided
by VUDM (when necessary, also combined with
neurophysiological tests such as perineal/external sphincter
electromyography) cannot be reproduced by other imaging
techniques, including also three-dimensional CT that has been
applied only in some preliminary experiences (55). The
examination of the manuscripts reviewed in this report shows
that the management of patients with orthotopic ileal
neobladder must be carried out by expert teams belonging to
centers with high surgical volume. This allows the achievement
of good surgical and oncological results by the UD and to ensure
proper follow-up for diagnosing and treating possible
complications. In the postoperative work-up, expertise on
pathophysiology of UD permits to limit the use of invasive or
expensive diagnostic methods only to selected cases. In fact, an
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adequate clinical and surgical preparation and a good UDM
culture allow to achieve correct diagnoses even using
conservative approaches. According to the principles of the so-
called “non-invasive urodynamics” and the use of standardized
clinical evaluation, uroflowmetry, and ultrasound, it is possible
in many cases to reach a diagnostic conclusion on the
dysfunction of the orthotopic ileal bladder without necessarily
resorting to second level exams. This approach requires
significant clinical preparation and expertise.

Conclusion

This report clearly shows the significant contribution of
UDM and VUDM for the morpho-functional assessment of
ileal orthotopic neobladders. Literature still lacks
standardization in assessing outcomes, as well as objective
outcome in urinary diverted patients’ measurements with
questionnaires or standardized UDM assessments. However,
considering the outcomes until now provided by UDM and
VUDM performed on patients submitted to ileal orthotopic
neobladder, literature clearly describes good morphologic and
UDM results also after a totally intracorporeal procedure. In the
next years, data on very long-term outcomes will be reported
comparing different techniques, and this will allow to better
standardize surgical procedures based on morpho-functional
assessment (56).
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