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The exact incidence of lower urinary tract dysfunction is not known and its pathogenesis is not completely understood. Advances
in urodynamic assessment and widespread availability of a standardized technique have facilitated its exploration prior to and
subsequent to the surgical management of patients with gynecologic pelvic cancer. We performed a PubMed and Medline
literature search using the following keywords: bladder dysfunction, urinary dysfunction, and urodynamics and all these terms
in combination with radical hysterectomy in order to analyze the role of urodynamics in patients with pelvic gynecologic cancer in
the preoperative as well as in the early and late postoperative settings.

1. Introduction

Gynecologic cancer confers a large burden among women
worldwide. In 2015, it is estimated that 101,080 women in the
United States will be diagnosed with a gynecologic cancer
[1]. The incidence of gynecologic cancer will continue to
increase over the next 40 years but the mortality rates will
decrease perhaps due to an increase in cure rates [1, 2].
In fact, the prognosis of localized gynecologic cancer is
excellent with 5-year survival rates >90% [2, 3]. Radical pelvic
surgery represents the cornerstone in the management of
these tumors. However, radical pelvic surgery is associated
with a significant amount of complications and a negative
impact on quality of life [4].

Owing to the anatomical location of female reproduc-
tive organs in the pelvis, radical treatment of gynecologic
cancer has understandably been associated with urological
complications [5]. Injuries of the lower urinary tract and the
ureters can occur during surgery and lymph node dissection.
Extensive radical gynecologic surgery can also damage pelvic
nerves and vascular supply of the lower urinary tract as well
as pelvic floor muscles and attachments resulting in lower
urinary tract dysfunction (LUTD).

This abnormality represents the most common compli-
cation after radical pelvic surgery for gynecologic cancers.

However, there is significant variation in the incidence of
LUTD among different studies and limited information on
the pathophysiology of LUTD after this kind of surgery.
New advent in urodynamic technology, especially the advent
of the multichannel recording, has led to the improvement
in understanding the changes in the bladder and urethral
functions that occurred after radical gynecologic surgery [6].
In this review, we give a critical analysis on the evidence for
LUTD after pelvic surgery for gynecologic cancer. Emphasis
will be placed on the contribution of urodynamic investi-
gation in understanding the mechanisms that lead to such
disorders and in improving short- and long-term outcomes.

We performed a PubMed and Medline literature search
using the following keywords: bladder and radical hysterec-
tomy and urinary dysfunction and radical hysterectomy.
Significant results and citations were reviewed manually by
the authors.

2. Incidence of LUTD after Radical
Gynecologic Surgery
The incidence of clinically significant LUTD varies among

different studies from 8 to 80% [7]. This wide range in
the literature is due to variable evaluation and definition
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of LUTD, different operation techniques, variable follow-up
time, and unstandardized urodynamic investigations. In fact,
very few studies used previously validated questionnaire to
assess LUTD after gynecologic cancer surgery. Some studies
based their evaluation on institutional internal instruments
or a simple evaluation by the surgeon in the immediate
postoperative period or in the outclinic consultation [8, 9].
Some authors used observational surveys with previously
validated instruments sent to patients at home and evaluating
retrospectively their symptoms and their quality of life [10].
Others utilized telephone interviews with the same instru-
ments to evaluate the incidence of LUTD [11]. Moreover, the
definition of LUTD varies enormously among the studies. It
includes the inability to empty the bladder, dysuria, increased
frequency of urination, increased micturition urgency, noc-
turia, bladder sensory loss, abdominal straining on micturi-
tion, urge incontinence, and stress incontinence. Another
important point relates to the use of urodynamics as an
assessment tool for urinary functional outcome. Complete
urodynamic data are lacking in all studies published before
the standardization of urodynamic disturbances according
to the International Continence Society (ICS) classification
[12]. Preoperative and postoperative complete urodynamic
explorations are necessary to evaluate the incidence of LUTD
related to surgery because up to 80% of patients already had
some degree of bladder dysfunction before surgery [13]. The
incidence of LUTD is higher in all studies using urodynamics
but the clinical significance of these findings is still lacking.
Some studies used postvoid residual urine volume or the
need of clean intermittent catheterization or straining to
void as assessment tools to detect clinically significant LUTD
[14, 15]. The follow-up timing seems to be the major factor
influencing the wide range of incidence of LUTD reported
in literature. One year is mandatory to assess the incidence
of long-term LUTD after pelvic cancer surgery. Studies with
follow-up >1 year revealed a low rate of LUTD with respect
to those with shorter follow-up [16]. Another limitation in
the published literature is the retrospective design of the
studies with a variable follow-up and a small sample size.
In a review by Plotti et al., only two studies out of 19 were
found to be of good quality being prospective with a sample
size >50 patients and a follow-up >1 year [7]. Finally, in
several studies, the importance of LUTD correlates with the
anatomical extent of resection and nerve preservation. A
recent meta-analysis demonstrated lower incidence of LUTD
following nerve sparing radical hysterectomy compared to
conventional radical hysterectomy [17]. However, there are no
standardized techniques for the nerve sparing approach. Uri-
nary functional outcome varies according to the technique
used and the different approaches to clear the ligament and
the lymph nodes from the nerves. Laparoscopic and robotic
approaches appear to facilitate the preservation of pelvic
nerves by allowing a fine and precise dissection in a magnified
operative field and are associated with better functional
outcomes [18-20]. Unilateral nerve sparing approach is also
associated with lower incidence of LUTD demonstrating that
unilateral nerve injury could be partially compensated by
the nervous supply from the other side [21, 22]. In addition,
there are different neural injuries with different prognosis.
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The injury could be a temporary blockade of signal trans-
mission without axon lesion (neurapraxia) with functional
disorders resolving hours to weeks following surgery. It
could be a transection of the axon with intact nerve sheets
(axonotmesis) allowing regeneration at the site of the injury
and distal to the injury with a nerve growth velocity varying
from 0.25 mm/day to 4 mm/day. A complete transection of
the nerves including their sheets is also possible with no
potential to regenerate [23]. The mechanism is even more
complex because injury of vascular supply to these nerves
is as much important as injuries to the nerves themselves
[24]. The combination of stretch and ischemia makes the
nerve more vulnerable to injury. It appears that to obtain
optimal functional results avoiding nerve handling in nerve
sparing approach should be mandatory. Finally, nerve injury
is not the only mechanism responsible for LUTD after radical
hysterectomy as demonstrated by the higher incidence of
LUTD following class 4 nerve-sparing radical hysterectomy.
Direct surgical injury to the bladder wall, lymph stasis,
interruption of the blood supply, and fibrosis of the urethra
also play a role [25, 26].

Stress urinary incontinence (SUI) and voiding and/or
storage dysfunction increased significantly following radical
pelvic surgery. LUTD is a common finding in the early post-
operative period. Its incidence has been reported between
70 and 85% of cases in the literature [27-31]. With adequate
urological care, bladder dysfunction resolves spontaneously
within 6 to 12 months in 70% of cases [32, 33]. Early LUTD is
characterized by decreased bladder capacity, detrusor under-
activity, and diminished bladder sensation which causes
voiding dysfunction and may require urethral catheterization
[34, 35]. Late dysfunction usually reveals voiding difficulty
with abdominal straining, decreased bladder compliance,
detrusor overactivity, and urinary incontinence [27, 28].

For example, the overall incidence of urodynamic LUTD
after radical hysterectomy is 72%. In the early postoperative
period, detrusor dysfunction with low compliance is found
in 24.4% (range: 18%-73%) of cases, mixed urinary inconti-
nence in 24.5% (range: 11%-50%), and SUI in 40% (range:
11%-81%) [7]. Studies with a follow-up >12 months after
primary radical surgery reported that the abovementioned
rates are reduced to 35%, 17%, and 38%, respectively, and
>16% of women experience LUTD severe enough to seek
medical care [32].

Two postoperative factors modify the natural history of
the functional urinary outcome. The first is clean intermittent
catheterization and the second is adjuvant radiotherapy
which increases the incidence of LUTD and constitutes a
confusion factor for studies with a long-term follow-up [36,
37].

3. Importance of Urodynamics in
Radical Gynecologic Surgery

In the last years, advances in urodynamic assessment tech-
niques, especially the advent of the multichannel recording,
and widespread availability of a standardized technique have
facilitated exploration of LUTD prior to and subsequent to
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the surgical management of patients with gynecologic pelvic
cancer.

3.1. In the Preoperative Phase. LUTD and abnormal urody-
namic findings are common in patients with gynecologic
pelvic cancer prior to surgical treatment. Lin et al. showed
that only 17% of patients with cervical cancer had normal
urodynamic findings before radical hysterectomy [13]. The
authors reported voiding LUTS in 10%, storage LUTS in 45%,
and both voiding and storage LUTS in 28%. In addition, 37%
had genuine stress urinary incontinence, 8% urge urinary
incontinence, and 6% mixed urinary incontinence [13].
However, controversies in the literature surround the causal
relationship between LUTD and pelvic gynecologic cancer.
The increased rate of urodynamic abnormalities prior to
surgery was not associated with the stage of the disease
according to one study [6]. The authors concluded that LUTD
in patients with pelvic gynecologic malignancies is not due
to neurologic damage [6]. It is noteworthy to mention that
gynecologic malignancies occur in a group of women at
risk of LUTD. Parity, age, and menopausal status might be
possible factors contributing to the increased rate of LUTD. A
match pair analysis between urodynamic findings in women
scheduled to radical pelvic gynecologic surgery compared
to women in general population without pelvic malignancy
would be of great value in understanding LUTD due to the
presence of the pelvic malignancy. Urodynamic assessment
before surgery is not systematically recommended for all
women to be treated by radical hysterectomy. Furthermore,
the evidence supporting its use in the preoperative settings
in symptomatic women is lacking. However, preoperative
urodynamic assessment for patients included in clinical trials
is mandatory in order to understand the effect of surgery
on the lower urinary tract. Comparison of preoperative and
postoperative urodynamic parameters had contributed to the
understanding of a part of the pathophysiology of LUTD
after radical hysterectomy. In fact, more nerves are damaged
during radical hysterectomy than during simple hysterec-
tomy and the increased rate of LUTD and urodynamic
abnormalities after radical hysterectomy compared to simple
hysterectomy had led to the development of nerve sparing
techniques [38, 39]. In a recent comparative urodynamic
study, Maneschi et al. found only mild functional impair-
ments in the postoperative period after nerve-sparing radical
hysterectomy in 15 patients [40]. These results support the
neurologic origin of LUTD after gynecologic radical pelvic
surgery.

3.2. In the Early Postoperative Phase. During the early post-
operative phase, bladder function is reported to be affected
in 70-85% of patients with a significant reduction of bladder
compliance and a significant reduction of maximal urethral
closure pressure [5,16, 41]. The pathogenesis of this condition
is not completely elucidated and appears to be multifactorial.

In the past, several urodynamic studies were carried out
to explain bladder dysfunctions after radical gynecologic
pelvic surgery. They had defined well the changes in urody-
namic parameters and their incidence. In 1949, Halter and

Richter reported a cystometric demonstration of a hypertonic
bladder with reduced capacity in the early postoperative
period [42]. Their findings have been confirmed by a number
of authors. For some authors, hypertonic bladder dysfunction
was the result of an increase in myogenic tonicity of the
detrusor muscle secondary to the trauma of operation and
prolonged catheter drainage [43]. For others, the dysfunction
was attributed to partial peripheral neurologic denervation
with parasympathetic dominance, and they ascribed little
significance to the role of the sympathetic innervations [44,
45]. In more recent studies combining cystometry and elec-
tromyography, the presence of normal sphincter function and
the absence of a decrease in bladder pressure when treated
with a parasympatholytic drug had suggested that bladder
dysfunction was not a result of parasympathetic dominance
[43]. The role of sympathetic system in the pathophysiology
of the early postoperative dysfunction was corroborated by
the studies of Forney and Low et al. [46, 47]. The authors
showed that the compromise of sympathetic f3-adrenergic
function during storage phase causes consequent low blad-
der compliance. Furthermore, the loss of sympathetic a-
adrenergic stimulation may have an excitatory effect on
parasympathetic transmission to the detrusor muscle during
urine storage and a permanent relaxation of the bladder neck
and the proximal urethra, explaining the high incidence of
the detrusor dyssynergia and the urinary stress incontinence
after radical pelvic surgery. They concluded that sympathetic
loss plays a major role in postoperative bladder changes.
Standardization of urodynamic studies in the late 1990 con-
tributed to the emergence of a new theory [48]. Bladder dys-
function may be due to the unmasking of intrinsic detrusor
activity, characterized by loss of -adrenergic innervations
with subsequent «a-adrenergic hyperinnervation, or due to
the impact of residual sympathetic innervations [49, 50]. In
fact, the significant decrease of the maximal urethral closure
pressure encountered in the early postoperative period could
be attributed to the damage of the pelvic plexus and pudendal
nerves with loss of periurethral tone. The loss of sympathetic
adrenergic stimulation may have an excitatory effect on
parasympathetic transmission to the detrusor muscle during
urine storage and may lead to permanent relaxation of the
bladder neck and the proximal urethra. These alterations
could contribute to the characterization of urinary stress
incontinence and detrusor overactivity and incontinence
after radical pelvic surgery. Furthermore, in a recent study,
Axelsen and Petersen confirmed the crucial role of the
urethral sphincter mechanism [51]. They had reported no
differences in urodynamic findings between continent and
incontinent women after radical hysterectomy except for an
overall difference in the intraurethral pressure [51]. Hamada
et al. found urodynamic correlation between the severity of
the incontinence and reduction of bladder compliance [49].
With the advent of -agonists, it would be interesting to
test its effectiveness in patients after radical hysterectomy.
Inhibition of relaxation of the detrusor muscle by a f-
agonist in the filling phase should result in reduced bladder
compliance and urinary incontinence.

Another emerging concept, based on decentralization
rather than complete denervation, is gaining place due to



studies on animal models. It was hypothesized that damage
to the afferent nerves leads to reduced and abnormal afferent
input into the central nervous system, and this could interfere
with the normal function of the pontine micturition center
[9, 52].

Close cooperation between the gynecologists and the
urologists is an essential prerequisite of good practice for the
adequate management of LUTD in the early postoperative
phase. The best treatment option for bladder emptying and
significant postvoid residue is clean intermittent catheteri-
zation [8]. Abdominal straining to facilitate emptying the
bladder is not recommended, as it leads to increased blad-
der pressure, increased risk of vesicoureteral reflux, and
pressure propagation to the kidneys, potentially resulting in
renal damage in the long term. Voiding without abdominal
pressure enhances recovery of bladder function after radical
hysterectomy [36]. Adequate postoperative bladder care can
help to restore bladder function within 12 months of surgery.
The daily frequency of clean intermittent catheterization is
dependent on the residual urine volume and occurrence of
spontaneous micturition. A permanent indwelling or supra-
pubic catheter should be avoided as long as possible as
these can lead to complications such as urinary leakage,
untreatable infections, bladder stones, fibrotic bladder, and
bladder carcinoma.

3.3. In the Late Postoperative Phase. Spontaneous recovery
of bladder function is generally to be expected within 6-
12 months after surgery [32, 33]. The mechanisms of spon-
taneous recovery are complicated. It could be attributed to
plasticity reorganization which occurs at multiple levels in
the central and peripheral nervous system in response to
peripheral injuries [9]. In a feline model, ablation of the pelvic
plexus with early widespread degeneration of intrinsic axons
and muscle cells was followed after 10 weeks by a period of
restitution of cholinergic axon terminals, increase in adren-
ergic and copeptidergic axons, and muscle cell regeneration
[52]. However, persistent late changes are reported in 30 to
50% of studies [36, 37]. In routine practice, the persistence of
symptoms beyond 12 months is indicative of worse functional
prognosis. Urodynamic studies had played a major role in
understanding the natural history of postoperative LUTD.
In all studies with long-term urodynamic assessment, blad-
der compliance is improved and maximal urethral closure
pressure is stabilized from the third postoperative month.
Another important point related to the use of urodynamics
as an assessment tool for surgical functional outcome is low
incidence of normal detrusor function in long-term studies.
Benedetti-Panici et al. reported normal detrusor function in
24% of their patients 1 year after surgery. They have found
acontractile detrusor in 2% of patients, overactive detrusor
in 21%, urodynamic stress incontinence in 29%, and mixed
incontinence in 24% [16]. The high rate of urodynamic
abnormalities in their series is due in part to their rigorous
observation protocol and systematic urodynamic evalua-
tion of all patients. In clinical practice, these abnormalities
are rarely associated with severe clinical manifestations as
demonstrated by the study of Pieterse et al. [53]. It seems
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also that cancer patients deal with urinary symptoms better
than noncancer patients given the relatively high level of
distress that is usually present regarding their underlying
malignant disease compared to the other symptoms [16].
In contrast, improvement of clinical symptoms alone is not
always synonym of improved bladder function. It could be the
result of compensatory factors such as abdominal straining,
substitute sensation, and voiding technique. Such patients are
always susceptible to lower urinary tract decompensation and
upper urinary tract deterioration especially if not diagnosed
at time [54]. The role of urodynamic investigation is to detect
these potentially dangerous situations by demonstrating sub-
clinical modifications in bladder function and/or urethral
closure pressure.

4. Conclusion

LUTD is the most common complication after pelvic gyne-
cologic surgery and it alters significantly the quality of life of
the surviving patients. The pathophysiology is complex and
incompletely elucidated. Urodynamic investigations played
a major role in understanding the neurologic mechanisms
underlying the dysfunction. These findings had led to the
modification of the procedure in order to minimize urologic
functional outcomes. Urodynamics played also a major role
in characterizing postoperative disorder allowing a better
urologic care modifying long-term LUTD and renal dete-
rioration. Electrophysiologic studies and video-urodynamic
recordings by characterizing, in a clinical trial, neurophysio-
logic and anatomic parameters would certainly help elucidate
the mechanisms of LUTD following pelvic gynecologic can-
cer surgery.
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