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The Effectiveness of Cystography-Measured Bladder Neck
Elevation at Predicting the Return of Continence After
Robot-Assisted Radical Prostatectomy
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Department of Urology, School of Medicine, Jeju National University, Jeju, Korea

Purpose: To analyze the clinical parameters correlated with early recovery of urinary continence after radical prostatectomy,
with a focus on urethral mobility during pelvic contraction at catheter removal.

Methods: We prospectively analyzed 67 patients who underwent prostatectomy for prostate cancer at Jeju National University
Hospital from January 2015 to June 2018. At the time of catheter removal, a cystography was performed in 67 men (median
age, 65 years; range, 55-76 years) who had undergone robot-assisted laparoscopic prostatectomy. The vertical length of bladder
neck movement between relaxing and contracting the pelvic muscles was measured. The correlation between the rate of conti-
nence recovery and the length of urethral movement was also assessed. All participants were divided into 2 groups according to
the length of bladder neck elevation. Group 1 had > 0.6 cm of elevation, while group 2 demonstrated <0.6 cm of elevation.
Results: A reverse correlation existed between the length of urethral movement and the recovery rate of urinary continence (r=-0.488,
P <0.001). The optimal cutoff value for length of urethral movement was found to be 0.6 cm among patients (area under the
curve, 0.703). A statistically significant difference was observed between group 1 (length>0.6 cm) and group 2 (<0.6 cm)
(P <0.05). Multivariate regression analysis showed that urethral movement predicted the postoperative urinary incontinence.
Conclusions: The extent of bladder neck elevation after robot-assisted laparoscopic prostatectomy, which can be easily evalu-
ated using cystography, may be a good predictor of the recovery of urinary continence.
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INTRODUCTION

Many patients who undergo radical prostatectomy experience
stress urinary incontinence after the procedure. However, the
rate of incontinence decreases with time. Until about 12 months
postoperatively, urinary incontinence was controlled in more

than 95% of patients [1]. Nevertheless, urinary incontinence is
a major complication, and most patients complain of it during
that time, even if they understand that it is a temporary condi-
tion. Several preoperative urodynamic parameters have been
introduced as predictors of early continence recovery [2].
Previous studies have revealed the mechanism of postprosta-
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tectomy incontinence to be the impairment of various muscles
and nerves surrounding the urethral sphincter, rectum, and
bladder neck. These injuries often delay patients’ recovery from
postoperative incontinence [1]. Therefore, many researchers re-
ported the various static imaging parameters to represent the
postoperative status of periurethral muscles [3-5]. However, we
believed that this status should be evaluated with dynamic di-
agnostic methods. Because if patients are able to contract their
rhabdosphincter, it might be considered an indicator of intact
rhabdosphincter and periurethral muscles. Therefore, it could
be hypothesized that the contractile urethral length may be a
good tool to use to identify whether the muscle and nerve
structure surrounding the urethra has been preserved. We eval-
uated the correlation between the calculated contractile ure-
thral length using cystography and the duration of postopera-
tive incontinence in patients who had undergone a radical
prostatectomy.

MATERIALS AND METHODS

The participants in this study were 67 men who underwent

Table 1. Participant characteristics (n=67)

radical prostatectomy from January 2015 to June 2018 (Table 1).
The median age of the patients was 67 years (standard deviation,
+4.8). We used cystography to measure the amount of urethral
movement between relaxing and contracting the pelvic muscles
when the urethral catheter was removed postoperatively.

The patients were classified into 2 groups according to the
length of urethral movement. Based on an optimal cutoff level,
29 patients with urethral movement of 0.6 cm or more were
placed in group 1, and 38 patients who demonstrated move-
ment of less than 0.6 cm were categorized in group 2.

The mean number of postoperative days that passed before
the urethral catheter was removed was 7.0+ 1.9 days. All pa-
tients underwent follow-up for a minimum of 6 months, and
the longest follow-up period was 3 years. The Institutional Re-
view Board provided approval for this study to be conducted at
Jeju National University Hospital.

Protocol for Radiologic Procedures

We instilled 10% diluted contrast media into the bladder under
gravity until the patient reported a sensation of fullness. Se-
quencing films were taken every 10 seconds during the proce-

Degree of BN elevation
Characteristic Total P-value
Group 1 Group 2

No. of patients (%) 67 29 (43.2) 38(56.7)
Age (yr) 67+4.8 62+5.3 69+t4.4 0.12
Prostate volume (mL) 45+16.3 46+17.9 44+14.9 0.78
Initial total IPSS 12+74 9+2.1 14+£79 0.13
Initial QoL 4+1.6 3+1.2 4+1.7 0.21
Initial Qmax 14.9+7.1 153+6.7 14.7+5.6 0.67
Pathologic stage 0.98

<T2NOMO 35(52.2) 14 (48.2) 21(55.2)

>T3NOMO 32(57.8) 15(51.8) 18 (44.7)
Intraoperative parameters

BN opening 0.25

Narrow 4(5.9) 4(12.5) 0(0)

Moderate 51(76.1) 18 (62.5) 33(86.8)

Wide 12 (17.9) 7 (24.1) 5(13.1)

NBV saving 39 (58.2) 15 (51.7) 24(62.5)
Length of urethral movement (cm) 0.5+0.9 0.9+0.6 0.2+0.1 <0.001
Time to recovery (mo), mean +SD 1.7+0.7 0.5+0.1 24+1.2 <0.001

Values are presented as median + standard deviation (SD) or number (%) unless otherwise indicated.
BN, bladder neck; IPSS, International Prostate Symptom Score; QoL, quality of life; Qmax, maximum flow rate; NBV, neurovascular bundle.
All patients were divided into 2 groups according to the length of bladder neck elevation. Group 1 demonstrated 0.6 cm or more of elevation, while

group 2 had <0.6 cm of elevation.
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Fig. 1. Cystography after radical prostatectomy. The arrow de-
fines the vertical length of urethral movement; dotted line, re-
laxing status; solid line, contracting status.

dure to identify any urethrovesical anastomosis (UVA) leakage.
After the patients reported a full bladder, an anterior posterior
view and both oblique views of the bladder were obtained.
Next, the patients were instructed to contract the pelvic muscle,
such as when performing a Kegel exercise, to identify move-
ment of the bladder neck, which was recorded by radiography:.
After draining the contrast media from the bladder, a postd-
rainage view of the bladder was also obtained. During the cys-
tography, the cystography-measured bladder neck ascendable
vertical length was defined as the vertical length of the contrast-
filled bladder’s apex between the time the pelvic muscles were
relaxed and the time they were contracted (Fig. 1). If the patient
did not effectively contract the pelvic muscles in the first trial, a
second trial was carried out after coaching the patient on how
to properly contract the pelvic muscles. Each measurement was
taken as 3 and 4 times and the highest value has been indicated
by a final urethral movement length.

Urinary continence status was assessed when patients visited
the office every week until postoperative day 14 and then was
evaluated every month thereafter until postoperative month 3.
From that point forward, patients were asked every 3 months
about urinary continence. The recovery of urinary continence
was defined as a pad-free condition for daily living without
anxiety about urinary leakage.

Statistical Analysis

The 2 groups were compared to determine their baseline pa-
rameters using a 1-way analysis of variance. A univariate analy-
sis of time to restore continence was performed using the log-
rank test. To ascertain the optimal cutoff value to anticipate uri-
nary continence recovery, a receiver-operating characteristic
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Fig. 2. Receiver-operating characteristic curves created from
vertical length of urethral movement and the postoperative re-
covery of urinary continence to distinguish subjects reporting
incontinence from those who did not.

curve (ROC) was used. To identify any associations between
bladder neck elevation and the period of urinary incontinence,
a Spearman correlation test was performed. Statistical analysis
was carried out using Prism ver. 5.1D (GraphPad Software Inc.,
San Diego, CA, USA). Perioperative factor (may influenced the
postoperative incontinence) were taken multivariate analysis
with R logistic regression model (R Foundation for statistical
computing, Vienna, Austria).

RESULTS

The median length of urethral movement during cystography
was 0.5 cm (range, 0-1.5 cm). There were no significant differ-
ences between groups 1 and 2, except bladder neck elevation
and incontinence recovery rate (Table 1). Age, tumor staging,
degree of bladder neck opening, and percent of nerve sparing
were not revealed their clinically significance in analysis. We
used an ROC analysis to determine the optimal cutoff value of
urethral movement for predicting the postoperative recovery of
urinary continence. A cutoft value of 0.6 cm gave the best accu-
racy in our ROC analysis. The area under the ROC curve, sen-
sitivity, and specificity values were 0.703, 0.583, and 0.863, re-
spectively (Fig. 2).

The median lengths of urethral movement were 0.9 cm in
group 1 and 0.2 cm in group 2. Four of the 38 patients in group
2 showed no urethral movement. When we compared the time
to recovery of urinary incontinence in both groups, the mean
time to recovery in group 1 was 0.5 months, and in group 2
were 2.4 months, respectively. Group 1 was significantly shorter
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Table 2. Results of univariate and multivariate logistic regression analysis

Risk factor Univariate Multivariate

OR 95% CI P-value OR 95% CI P-value
Age (yr) 1.09 1.00-1.19 0.042 1.1 0.98-1.23 0.108
BMI (kg/m?) 1.05 0.87-1.27 0.606 = = =
PSA (ng/mL) 1.01 0.96-1.06 0.775 - - -
Operative time (min) 1.01 0.99-1.02 0.176 - -
Nerve sparing (yes/no) 0.64 0.14-2.91 0.546 - - -
BN opening (narrow vs. wide) 0.86 0.56-1.27 0.078 - - -
Prostate volume (mL) 1.03 0.99-3.45 0.107 - - -
Pathologic T stage (> T3 vs. <T2) 2.72 0.64-10.4 0.214 - - -
Urethral M (>0.6 cm vs. <0.6 cm) 0.32 0.20-0.57 <0.001 0.36 0.20-0.67 0.002

OR, odds ratio; CI, confidence interval; PSA, prostate-specific antigen; BN, bladder neck; Urethral M, urethral movement calculated by cystography.
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Fig. 3. The distribution of the duration of postoperative urinary
incontinence according to the measured degree of bladder neck
elevation on postoperative day 7 using cystography.

Fig. 4. Postoperative incontinence recovery percent according
to the degree of bladder neck elevation.

than in group 2 (Table 1). ference in continence recovery between the 2 groups until 10

Perioperative risk factors may influence the postoperative in-
continence were analysis with multiple regression. In univariate
logistic regression analysis, 2 variables reached statistically sig-
nificant and were included in the multivariate logistic regres-
sion model: age (odds ratio [OR], 1.09; 95% confidence interval
[CI], 1.00-1.19; P=0.042), urethral movement (OR, 0.32; 95%
CIL, 0.20-0.57; P<0.001). Multivariate analysis revealed that
urethral movement (OR, 0.36; 95% CI, 0.20-0.67; P=0.002)
was independent predictor of postoperative Ul after prostatec-
tomy (Table 2).

Spearman correlation analysis revealed an inverse correlation
between the length of urethral movement and the urinary in-
continence volume rate on day 7 after urethral catheter removal
(r=-0.488, P<0.001) (Fig. 3). There was also a significant dif-
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months postoperatively (Fig. 4).

DISCUSSION

Many prostate cancer patients suffer from postoperative incon-
tinence for a brief period of time because the prostatectomy it-
self can create temporary or permanent functional and struc-
tural dysfunctions. Hammerer and Huland [2] reviewed the
urodynamic evaluations of changes in urinary control in pa-
tients following radical retropubic prostatectomy. They found
that the mean functional urethral length, maximal urethral
closing pressure, and bladder capacity decreased in these pa-
tients. Therefore, they argued that these dysfunctions of the
urethra can have a significant influence on continence after
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radical prostatectomy. As a result, urologic surgeons are eager
to reduce the chances of postoperative incontinence by saving
the periurethral structure. Hamada et al. [6] reported that a
maximal urethral length preservation technique could allow for
the early return of continence. They also argued that securing a
long urethra was more effective in restoring postoperative con-
tinence than posterior urethral reconstruction and anterior
bladder suspension. Lee et al. [7] reported the good result of
postoperative continence based on their continuous urethro-
vesical anastomosis technique. Their patients with continuously
suturing had a less UVA leakage and postoperative inconti-
nence rather than interrupted suturing. The return of urinary
continence after surgery is influenced by multiple factors, in-
cluding patient selection, technical nuances, and definitions [1].

To evaluate these various factors together, we set out to de-
velop a simple method to immediately identify preserved peri-
urethral muscles to confirm the possibility of the recovery of
postoperative urinary continence.

Twiss et al. [8] proposed a new index to use to predict the re-
turn of urinary continence 3 months after radical prostatectomy.
Patients showed incontinence rates of 96%, 85%, and 68% at 1, 2,
and 3 months postoperatively, respectively, according to their
continence index categories. It is important to provide prognos-
tic information for each man as soon as possible to relieve his
anxiety; the continence index assesses continence status at the
time of catheter removal. However, we believe that this method
was not simple and did not include any information about the
postoperative function of the periurethral muscle.

Skarecky et al. [9] reported that they did not find reliable pre-
operative factors to predict restoring previous levels of urinary
continence in their study. However, in a subsequent study, they
found the number of pads used daily at 4-7 days after catheter
removal was an accurate predictor. The median time to conti-
nence for men using 1 pad was 35 days, 2 pads was 42 days, and
3 or more pads was 73 days. This method was simple, but it did
not offer an immediate predictor of continence recovery follow-
ing catheter removal. Several researches [3-5] reported their
static cystographic findings after prostatectomy. As they have
been reported, many static cystographic findings could estimate
the postoperative urinary continence. In addition to that, some
researchers the similar results were reported using preoperative
magnetic resonance imaging [10,11]. However, we believed that
dynamic evaluation of cystography is needed.

Usually, before urethral catheter removal, we evaluate the
UVA using urethrocystography. At that time, we intervened
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with a new, simple method, which was a maneuver similar to a
Kegel exercise. It requires no additional effort and can identify
whether patients can effectively contract their pelvic muscles.
Based on the results of this study, patients who demonstrated a
good contraction of the pelvic muscles could reduce the length
of the postoperative urinary incontinence period. The degree of
contraction can be easily identified using cystography. There-
fore, we believe this method is feasible to use.

The anatomical location and fiber characteristics of the peri-
urethral levator ani muscle suggest that these fibers actively as-
sist in urethral closure, particularly during events that cause el-
evation of intra-abdominal pressure [12]. According to the
present study, the periurethral muscle can support urethral
closing. Therefore, we believe that it could be evaluated during
pelvic muscle contraction by radiographic assessment to mea-
sure the degree of elevation of the bladder neck and pelvic
muscle contraction and preservation of the periurethral muscle.
However, Kenton and Brubaker [13] reported that the ability to
contract the levator ani does not appear to be related to the abil-
ity to activate motor unit action potentials in the urethral
sphincter in women. This finding means that the functions of
the levator ani are independent from maintaining the closing
function of the urethral sphincter. Therefore, we believe that to
identify the exact muscle complex involved with urinary incon-
tinence, further study is needed. However, the ability to elevate
the bladder neck can be used to estimate the return of urinary
continence.

In this study, we objectively measured the length of urethral
movement using cystography. Based on an optimal cutoff value
of 0.6 cm, the group with more elevation showed a faster recov-
ery from postoperative incontinence than the other patients. In
clinical practice, these results may help to estimate the period
required to restore urinary continence and determine the prog-
nosis of postoperative incontinence in applicable patients.
There were a few limitations to this study. We calculated the
duration of incontinence using information provided by the
patients when they visited the clinic for follow-up. This method
could make the result inaccurate by recall errors. Therefore, it
was possible that the exact duration of incontinence may have
been somewhat incorrect.

In conclusion, this study suggests that the amount of bladder
neck ascending movement on cystography was significantly as-
sociated with early recovery from postprostatectomy inconti-
nence. This method of assessment is easy to carry out and is
also useful for predicting the course of incontinence.

Int Neurourol J September 30,2019
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