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Abstract

Purpose of Review This review will explore how lower urinary tract dysfunction may result from pelvic oncological extirpative
surgery across multiple disciplines and how to avoid it.

Recent Findings Minimally invasive colorectal surgery offers superior dexterity, precise movements and improved vision to
identify and carefully dissect off neurovascular bundles. This reduces the incidence of postoperative retention and improved
subjective and objective urodynamic parameters. Pneumoperitoneum and inappropriate retraction techniques may however still
lead to urinary tract dysfunction. Data regarding presacral surgery and its complications is limited. A better understanding of
anatomy and modifications to the radical hysterectomy procedure has allowed for improved surgical outcomes and urinary tract
function. Cautious dissection of the lateral parametria differentiates the hypogastric plexus (particularly the inferior branch) from
vascular structures and ligaments.

Summary Bladder dysfunction can have a significant impact on a patient’s quality of life. Surgical techniques to
preserve important neurovascular structures have been described. Despite this, there is still a high incidence of
urinary tract dysfunction. Surgical techniques in the future may be better refined to microscopically dissect off
neurovascular bundles; improve assisted neurological monitoring; or enhance super-imposed imaging, to optimise

and preserve lower urinary tract function.
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Introduction

Globally, the prevalence of cancer is increasing yearly.
According to the World Health Organisation in 2018,
colorectal cancer is the third most common cancer
followed by prostate cancer [1]. Cervical cancer is the
fourth most common cancer in woman [2]. With im-
proved imaging, these cancers are detected earlier and
often amenable to excision. Improved access and avail-
ability of minimally invasive surgical options makes this
a more favourable approach in terms of identifying

This article is part of the Topical Collection on Post-Prostatectomy and
Acquired Voiding Dysfunction

P4 Kalli Spencer
doctorkspencer@gmail.com

Macquarie University School of Health Sciences, Sydney, Australia
University of Sydney, Sydney, Australia

@ Springer

important anatomic structures and avoiding injury but
also faster recovery time for patients.

Major extirpative pelvic surgery occurs predominantly
across three disciplines including urology, gynaecology
and colorectal surgery. This article will mostly review
the surgeries performed by colorectal surgeons and
gynaecologists. Surgeries performed by colorectal sur-
geons that increase the risk of lower urinary tract dysfunc-
tion include abdominoperineal resections and low anterior
resections [3]. Presacral procedures may include a
rectopexy for prolapse, a neurectomy for pain control or
a retrorectal tumour excision [4¢]. Gynaecologists may
perform hysterectomies for benign and malignant pathol-
ogy or a sacrocolpopexy for pelvic organ prolapse [4¢].
Through various mechanisms, these surgeries may result
in lower urinary tract dysfunction. This article will review
some of the current literature surrounding this topic as
well as determining whether modern surgical techniques
improve outcome. With this article, the authors hope that
the readership will form a better cross-disciplinary under-
standing of the mechanisms of lower urinary tract
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dysfunction after pelvic extirpative cancer surgery, and
hence hopefully will be able to further improve surgical
outcomes and minimise lower urinary tract complications.

Colorectal Surgery
Acute Urinary Retention After Rectal Surgery

The incidence of retention following surgery (requiring
catheter re-insertion) is approximately 14% [5¢]. Various risk
factors have been identified including male gender, postoper-
ative epidurals and large fluid volume intraoperatively [6].
Possible explanations for this include stimulation of the anal
canal leading to activation of the alpha-adrenergic system and
subsequent bladder outlet obstruction; change in bladder po-
sition, postoperative oedema; and damage to autonomic
nerves [6]. Reflexes related to pain as well as pelvic nerve
injury lead to internal urethral sphincter contraction with sub-
sequent voiding dysfunction [7]. The findings of the
COREAN trial suggest that urinary retention is more common
after laparoscopic rectal cancer surgery than after open sur-
gery. This may be as a result of neuropraxia from instruments
used for retraction or due to reduced renal arterial supply and
function secondary to raised intraperitoneal pressure [8ee].
Kim et al. proposed a scoring system to ascertain when the
catheter should be removed postoperatively. The scoring sys-
tem comprises 3 components: male gender, anastomotic level
and age. Using this scoring system, they showed that the uri-
nary catheter could be removed in 56.4% of patients on the
first postoperative day. In patients over the age of 65, there
was a 7.8-fold increased risk, as well as in men (due to ana-
tomical differences) and those patients who had a coloanal
anastomosis (due to pain) [9+].To avoid urinary retention after
rectal surgery, 2 days of prophylactic bladder drainage is ad-
vised [10].

Lower Urinary Tract Dysfunction After Rectal Surgery

Total mesorectal excision (TME) is the best technique for
rectal cancer management, ensuring optimum cancer control
and functional results, yet despite autonomic nerve—
preserving techniques, urinary and sexual dysfunction remain
a significant complication of this procedure [11].

Low anterior resections (LAR) and abdominoperineal re-
sections (APR) have a high rate of postoperative bladder dys-
function with an incidence of 15-25% and 50%, respectively
[3].

The most common symptoms of urinary dysfunction are
urgency, frequency, stress incontinence, overflow inconti-
nence, difficulty in emptying the bladder and loss of bladder
fullness sensation [12].

Tekkis et al. identified potential risk factors that may in-
crease lower urinary tract dysfunction: tumour location <5 cm

from the anal verge, intra-abdominal sepsis, a history of pre-
vious pelvic radiation, having an APR versus a LAR [13].
Duran and colleagues noted that localisation of a tumour in
the middle or lower rectal third is a significant risk factor for
new onset of urinary dysfunction [14]. Another study found
that surgical experience, male gender and T stage (T1-2 vs
T3—4) had an impact on identification of pelvic nerves and
hence postoperative function [15]. In females, urgency and
urge- or stress-related incontinence were noted in 60-80% of
patients with significant associated distress (quarter to a third).
Symptoms of voiding difficulties ranged from 20 to 35%
[16¢].

Dar et al. looked at urodynamic parameters to quantify
postoperative bladder dysfunction and found an abnormality
in 85% and 30% at 1 month and 3 months postoperatively,
respectively. They also measured residual urine volume with
an increase of more than 10 ml as compared to preoperative
measured residual urine volume regarded as significant. They
found 82% of participants had abnormal residual volumes at
1 month and 30% at 3 months. Abnormal peak flow rates were
detected in 70% of participants at 1 month and 28% at
3 months. These results were consistent with previously re-
ported outcomes [17¢¢].

Minimally Invasive Rectal Cancer Surgery

In 2002, the first robotic procedure was performed, and sub-
sequently many studies have shown that robotic TME is an
oncologically safe and effective procedure [18].

This is due to the superior dexterity and precision of robotic
arm movements and magnified three-dimensional views
allowing the operator improved vision and better ergonomic
comfort for the dissection of neurovascular structures [19].
This is particularly pertinent during anterior isolation of the
mesorectum where the inferior hypogastric plexus may be at
risk [20]. It allows better judgement of the loose connective
tissue between the parietal and visceral fascia [21¢¢]. The in-
creased flexibility of the robot allows the arms to move into
narrow spaces such as the conically shaped male pelvis reduc-
ing the risk of collateral damage to neighbouring structures
[22].

Various studies have looked at outcomes of minimally
invasive surgery with current evidence favouring a quicker
recovery [23e¢]. Kim et al. noted an improvement in the
IPSS (International Prostate symptom score) for robotic
TME compared to laparoscopic-TME with a recovery pe-
riod of 3 months versus 6 months, respectively [24e°].
Dulskas et al. found earlier recovery in voiding and sexual
dysfunction [25¢¢]. On the contrary, Althumairi et al. found
no difference in outcome between conventional open sur-
gery and minimally invasive surgery [26¢]. Whether the
approach is open or minimally invasive functional out-
comes tends to improve with time [23¢°].
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Pathogenesis of Nerve Injury

Lower urinary dysfunction is as a result of autonomic nerve
injury or anatomical changes within the pelvis [26¢]. This may
result from ischemic injury, nerve stretching, thermal damage,
local inflammatory effects or ligation of the sacral splanchnic
plexus or hypogastric nerve during dissection [17ee].

Excessive traction may lead to neuropraxia which may
cause a temporary or unrecoverable blockage of nerve con-
duction depending on the duration and grade of traction [27].

Damage to the pelvic nerves may take place during
abdominoperineal resection or intersphincteric resection [28,
29¢] There is a close correlation between the mesorectum and
the pelvic nerves making the nerves difficult to identify [30] It
is therefore important to control excessive bleeding as identi-
fication of nerves may be compromised [31].

Four zones have been described as high risk for nerve in-
jury: (1) lateral dissection of the mesorectum, (2) anterior iso-
lation of the rectum, (3) ligation of the inferior mesenteric
artery. (4) posterior dissection of the mesorectum [28, 29+].

When the parasympathetic nerves are damaged, the bladder
becomes non-contractile due to detrusor hypoactivity. These
nerves may be directly injured if the endopelvic fascia is
breached during blunt dissection of the rectum [32]. This
may cause overflow incontinence [33].

Anatomical changes may be due to posterior tilting of the
bladder resulting in bladder emptying difficulty [34]. Loss of
bladder support may alter the vesicourethral angle and cause
failure of bladder neck opening [35].

Denervation procedures may result in insufficient urethral
closure. There may be a decrease in bladder neck and urethral
resistance resulting in leakage when there is raised intra-
abdominal pressure. Damage to the pudendal nerve or its
branches from Alcock’s canal can also result in striated uri-
nary sphincter weakening [36].

The urethra may be injured during the perineal component
of an abdominoperineal resection. Bulky tumours’ anterior
extension or significant desmoplastic reaction is at highest
risk. The membranous urethra is the most frequent part to be
damaged followed by the prostatic urethra [32].

Advanced Colorectal Disease

Patients with this disease profile may require chemotherapy
and/or radiation. The effect on urinary dysfunction may be
evident after 1 year of surgery and remain an independent
predictor long term [37¢¢]. Patients treated with preoperative
radiotherapy have high risk of dysfunction such as interrupted
urinary stream [16¢]. This neoadjuvant therapy may make
identification of nerve plexuses more difficult [15]. Adjuvant
radiation therapy results in fibrosis of the urethral sphincter
and bladder affecting vascular integrity which has an effect on
bladder function [38]. Qiao et al. however showed that
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recovery may be possible due to compensation by contralat-
eral nerve fibres and that effect on function may be transient
[39¢]. They also showed that urodynamic parameters (includ-
ing subjective IPSS and UDI-6 scores, residual and voided
volumes and maximal flow rate) recovered at 6 months post-
surgery [39¢]. Treatment planning should therefore be cau-
tiously performed on all admitted patients [21ee].

Prevention of Lower Urinary Tract Dysfunction After Rectal
Cancer Surgery

The quality of dissection and preservation of urinary and sex-
ual function are directly related [40]. Delicate handling of the
neurovascular tissue is important to protect the vasa nervorum
and avoid ischemic damage to the nerves. Traction-free tech-
niques and gentle handling may be difficult due to the lack of
haptic feedback as the surgeon has not yet learnt how to com-
pensate the lack of sensation with visual integration. The as-
sistant surgeon should also be cognisant of this when provid-
ing countertraction [41].

During dissection, it is important to identify all components
of the hypogastric plexus [15]. A novel technique employs
pelvic intraoperative neuromonitoring to help identify nerves
[37e¢]. Extensive use of cautery should be avoided on the
lateral plane of dissection because of the proximity of the
hypogastric plexus to the mesorectal fascia, and on the antero-
lateral plane, near the vesicles to the neurovascular bundle
abutting the rectum. Surgical clips may be a more suitable
alternative [20].

Training should include how to protect pelvic autonomic
nerves, focusing on how to lean against the mesorectum and
keep away from the nerves as much as possible [21e].

Rectal resection should be standardised and new functional
outcome research should use the same validated outcome
questionnaires [25¢¢].

Outcome of Urinary Function After Rectal Surgery

Difficulty in bladder emptying improves after 3 months, but
symptoms persisting after 6 months are permanent, as Lange
et al. reported in 31% of patients [28]. The transient reduction
in Qmax (peak flow rate) might be explained by postoperative
inflammatory changes in the perivesical tissues and resolution
of partial nerve damage with time [42]. Prolonged urinary
retention is likely to be a result of permanent damage to nerves
[32]. Urinary and sexual dysfunction caused by bilateral re-
section of the inferior hypogastric plexus are severe and often
permanent [34].

Management of Urinary Dysfunction After Rectal Surgery

Detrusor underactivity may be detected on a urodynamic as-
sessment (recommended at 3—6 months) featuring weak, low
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pressure, intermittent contractions of the detrusor muscle and
incomplete bladder emptying. This could be managed with
clean intermittent self-catheterisation where possible
[32].This results in continued ‘cycling’ of the bladder. If the
patient is unable to self-catheterise, then a permanent indwell-
ing catheter may be inserted as a last resort. Without treatment,
the patient may develop a small capacity bladder which is
poorly compliant with high pressures that may ultimately
cause upper tract deterioration [36].

In patients with sphincteric damage, symptoms may not be
reliable for diagnosing and recommending treatments.
Treatment and follow-up are highly individualised based on
urodynamic findings, patient abilities and family support [36].
In male patients with possible bladder outlet obstruction, the
use of alpha antagonists may be beneficial prior to trial of
void. Surgical intervention with transurethral prostatic resec-
tion or laser ablation may also be required [32].

Presacral Tumour Surgery

The literature in this space is limited. Much of the work fo-
cuses on the effects of prescral neurectomy (intentional tran-
section of the contained neural plexus to relieve refractory
pelvic pain) and their effects on bowel and bladder function.
The rate of bladder dysfunction ranges from 0 to 8.33%. The
studies are flawed because no objective measurements for
bowel and bladder postoperative function and specific infor-
mation regarding presentation, severity or onset of symptoms
were included [4¢].

Presacral tumours include neurogenic lesions such as
meningoceles, osseous tumours and congenital lesions such
as dermoid and tailgut cysts [43]. Typically, lesions above S3
or lesions below S3 with involvement of the pelvic sidewall or
viscera require an abdominal approach or a combined abdom-
inal and posterior approach [4¢].

Chereau et al. noted development of new-onset bladder and
bowel symptoms to be common with an 11% incidence of
urinary symptoms. This was determined using the Cleveland
Clinic incontinence score and perineal pain score [44]. Jao
et al. assessed outcomes in as subset of patients who also
required resection of the sacral nerve. Of the 17 patients who
underwent sacral nerve resection, four had postoperative bow-
el and bladder dysfunction, and four developed bladder dys-
function alone. Of the cohort, 15% developed postoperative
neurogenic bladder. No clear conclusions can be drawn as to
the absolute risk of postoperative neural dysfunction follow-
ing iatrogenic nerve transection [45].

Gynaecological Surgery

A hysterectomy may be performed for benign pathology such
as symptomatic fibroids or for malignancies such as cervical

or endometrial cancer. The focus will be on radical
hysterectomies.

Incidence of Lower Urinary Tract Dysfunction After
Gynaecological Surgery

Lower urinary tract dysfunction is the most common long-
term complication of radical surgery [46]. The incidence of
bladder dysfunction ranges from 12 to 85% depending on the
method used to determine dysfunction and the duration of
follow-up [47, 48]. Plotti et al. found an overall incidence of
72% [49].

A Thai study found that 25.1% of patients who underwent a
radical hysterectomy were symptomatic in the early postoper-
ative period displaying symptoms such as frequency, nocturia,
terminal dribbling, urgency, incomplete emptying and dysuria
[50].

Fuji showed 92% of the patients would have the sensation
of bladder fullness, and only 71% obtained the satisfaction of
micturition 14 days after surgery. These were objectively eval-
uated by measuring post void urine residual volume under
50 ml in 46% of patient’s 14 days after surgery [51].

Plotti et al. found that 24.4% of their patients had detrusor
dysfunction with low compliance, 24.5% had mixed urinary
incontinence and 40% had stress urinary incontinence. Studies
with a follow-up more than 12 months after primary surgery
reported that the above-mentioned rates reduce to 35%, 17%
and 38%, respectively. [49]

Types of Surgery

Over the years, various surgical approaches have been adapted
to maintain oncological control while preserving bladder
function. In the last 20 years, less radical surgeries have been
performed using the cervical diameter as a preoperative crite-
rion. This has been achieved through modifying the approach
to the excision of the lateral parametria [52, 53].

Querleu and Morrow’s classification takes the curative ef-
fect of surgery including adverse consequences (for example,
bladder dysfunction) into account [54].

Four types of radical hysterectomy include a few subtypes
that involve paracervical lymphadenectomy and nerve preser-
vation. The goal is to dissect the relevant pericervical struc-
tures while preserving parasympathetic and sympathetic in-
nervation of pelvic organs [55]. By better identifying surgical
landmarks and visceral nerve fibres, it is easier to dissect the
neural portion from the vascular portion of the parametrium
[55].

The extent of cervical cancer surgery should be adjusted to
patient- and tumour-related factors. Women with invasion of
less than one half of stromal tissue or invasion less than
10 mm or tumours <2 c¢m in diameter are subject to a lower
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risk of disease in the paracervix and the pelvic lymph nodes
[56, 57°].

Pathogenesis of Nerve Injury

It has been reported that during a radical hysterectomy the fol-
lowing nerves are affected when the associated structures are
dissected: the proximal part of the inferior hypogastric plexus
and the splanchnic nerves during resection of the dorsal
paracervix and preparation of the pararectal space; distal part
of the inferior hypogastric plexus during resection of the caudal
part of the vesico-uterine ligaments; inferior hypogastric plexus
and splanchnic nerves during resection of the lateral part of the
paracervix in the space under the uterine vein [58]; hypogastric
nerves during resection of the uterosacral and rectovaginal liga-
ments [59]. During blunt lymph node dissection in the presacral
space between the rectum medially and the common iliac artery,
the superior pelvic plexus can be injured [58]. The anatomy of
these nerves is complicated and not that easy to appreciate dur-
ing surgery. In order to accomplish a nerve-sparing radical hys-
terectomy, it is essential to reveal the inferior hypogastric plexus
and to transect only the uterine branch from the inferior hypo-
gastric plexus [51].

Damage to the parasympathetic fibres will lead to a
hypocontractile bladder with reduced sensation, increased
storage pressure and bladder neck incompetence [60].
Damage to the pudendal nerve may result in pelvic floor mus-
cle and external urethral sphincter weakness. This will result
in pelvic organ prolapse and incontinence [60].

Evaluation of Lower Urinary Tract Function After Radical
Hysterectomy

To assess bladder function recovery, a urodynamic examina-
tion may be useful for a comprehensive evaluation.
Dysfunction may be divided into an early (3—6 months) and
late stage (> 6 months) [61¢].

During the early stage (3—6 months), there is detrusor under-
activity and reduced compliance [61¢]. This may require urethral
catheterisation. The residual volume tends to increase at 2 and
6 weeks after surgery and then reduce after that. Uroflowmetry
shows a reduction in maximal flow rate up to 3 months [62].

Late dysfunction usually results in voiding difficulty with
abdominal straining, detrusor overactivity, urinary inconti-
nence and decreased bladder compliance. This can resolve
within 6 to 12 months or persist for longer [63].

The long-term bladder function is marked by an increase in
residual urine volume, reduction of the maximum cystometric
capacity and increase in first voiding desire. Due to damage to
the pelvic plexus and pudendal nerves and subsequent loss of
periurethral tone, a significant reduction in maximal urethral
closure pressure may be noted. Detrusor overactivity and
stress incontinence may be due to lack of sympathetic input
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with excessive parasympathetic stimulation of the detrusor
muscle and relaxation of bladder neck and proximal urethra
[64]. The other reason for stress incontinence is due to lack of
bladder neck support due to over excision of the upper vagina
and parametrium [48]. Urodynamic measures change over
time, and therefore a prolonged period of follow-up may be
required [55].

Conclusion

Bladder dysfunction can have a significant impact on a pa-
tient’s quality of life leading to embarrassment or even social
isolation [65¢]. Patients already have a cancer diagnosis to
work through compounded by lower urinary tract dysfunc-
tion. This places an extra burden on the patient and their carer.
In most of the surgeries described in this article research has
been conducted to develop better surgical techniques to pre-
serve important neurovascular structures. Despite this, there is
still a high incidence of urinary tract dysfunction. Minimally
invasive colorectal surgery offers the advantage of improved
vision and flexible instruments, but retraction techniques and
the effects of pneumoperitoneum may be detrimental. There is
a paucity of data detailing methods to prevent significant dam-
age in presacral surgery and no comprehensive review of the
outcomes and preservative techniques has been compiled [4¢].
Nerve-sparing radical hysterectomies are still a non-
standardised technique with controversies surrounding its
functional advantage and oncological safety [66¢]. Surgical
techniques in the future may be better refined to microscopi-
cally dissect off neurovascular bundles; improve assisted neu-
rological monitoring or enhance super-imposed imaging, to
optimise and preserve lower urinary tract function.
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