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Purpose: Lower urinary tract dysfunction is the most common complication after radical pelvic surgery. The aims of this study
were to assess the effect of radical hysterectomy (RH) on the storage function of the lower urinary tract and to evaluate the im-
pact of radiation therapy (RT) on postoperative urodynamic parameters.

Methods: This was a retrospective review of preoperative and postoperative urodynamic variables, which were prospectively
collected. All women from 2006 to 2008, who underwent RH for uterine cervical cancer with a stage of 1A to 2B with or without
adjuvant RT were enrolled. All patients were divided into two groups: group 1, without RT, and group 2, with adjuvant RT. Uro-
dynamic studies were performed before, 10 days after, and 6 months after RH.

Results: A total of 42 patients with a mean (+ standard error) age of 51.9 (£ 12.3) years were analyzed. There were no significant
differences in age, body mass index or clinical stage between the two groups. On the 10th postoperative day, all parameters were
decreased except postvoid residual volume. In comparison with group 2 (n=14), group 1 (n=28) showed a significant increase
in bladder compliance. At 6 months postoperatively, bladder compliance in group 1 had increased four times or more compared
with that on postoperative 10 days. However, it had increased only 2.5 times in group 2 at the same time point (P <0.001).
Conclusions: The results of our study suggest that adjuvant RT after RH might result in a deterioration of bladder compliance.
It is highly suggested that practitioners pay attention to low bladder compliance, especially in patients who have adjuvant RT af-

ter RH.

Keywords: Urinary bladder; Radiotherapy; Urodynamics

INTRODUCTION

Uterine cervical cancer is a common cancer among women and
is one of the leading causes of cancer-related deaths in females
[1]. Radical hysterectomy (RH) is the treatment of choice in pa-
tients with early-stage uterine cervical cancer. A few studies have
reported that transient changes in bladder function are common
after RH [2-4]. Chen et al. [3] suggested that the post-hysterec-
tomy changes in urinary tract function may be related to the

partial denervation of autonomic nerves.

In high-risk patients who have positive pelvic lymph nodes
or microscopic parametrial involvement or positive margins,
adjuvant radiation therapy (RT) is a feasible option for survival.
Although RT is suggested to negatively affect bladder function,
there have been few studies of the urodynamic changes related
to adjuvant RT after RH. A few studies have shown that RT may
result in a decrease in cystometric capacity and poor bladder
compliance (BC). Chuang and Kuo [5] demonstrated that pa-
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tients who were treated by RH with RT had worse bladder con-
ditions than did patients treated by RH only. Moreover, the re-
sults of previous studies support that adjuvant RT might affect
bladder function through changes in bladder histology as the
result of radiation cystitis. Chan and Epstein [6] reported that
RT causes epithelial proliferation and fibrin deposition in the
bladder. These histologic changes might affect bladder function.
Miyauchi et al. [7] showed that postoperative RT caused a sig-
nificant deterioration of bladder function compared with that
of an extended hysterectomy group.

However, some studies have demonstrated no clinically sig-
nificant differences in the effect of RT. Lin et al. [8] reported
that there were no significant differences in the results of uro-
dynamic study between an RH only group and a combination
group that underwent RH with RT. Thus, the effect of RT on
bladder function after RH remains controversial. In the present
study, therefore, we aimed to assess the urodynamic effect of
RT on the urinary bladder function in patients who underwent
RH for uterine cervical cancer to elucidate whether RT may
further damage urinary bladder function.

MATERIALS AND METHODS

This study was designed as a retrospective review of the pro-
spectively measured preoperative and postoperative urody-
namic variables. All women (n=42) who between May 2006
and June 2008 underwent RH for uterine cervical cancer with a
stage of 1A to 2B with or without adjuvant RT were enrolled in
this study. Exclusion criteria were the presence of diabetes mel-
litus, neurogenic bladder, interstitial cystitis, and history of pre-
vious pelvic surgery. All RH surgeries were performed by a sin-
gle gynecologist. All patients were encouraged to void after re-
moval of the urethral catheter on postoperative 8 days, and
post-void residual (PVR) urine volume was checked. If the
PVR did not decrease to less than 100 mL until postoperative
10 days, the patients were instructed to perform clean intermit-
tent self-catheterization according to our previous report [9].
Patients were followed up at the urology outpatient clinic for
subsequent management of urinary problems.

The patients were divided into two groups. Group 1 consist-
ed of the patients who did not undergo RT after RH, and group
2 consisted of the patients who underwent adjuvant RT after
RH. All patients of group 2 underwent RT during the third
postoperative week. RT was delivered at a dose of 1.75 to 2 Gy
(median, 1.8 Gy) per fraction once daily, 5 days per week. The
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median dose to the whole pelvis was 50.4 Gy, and the median
treatment time was 6 weeks [10].

Urodynamic studies (UDS) were conducted before, 10 days,
and 6 months after RH. UDS were performed by the same ex-
aminers according to the same protocol (UD-2000, Medical
Measurement System, Enschede, the Netherlands) throughout
the study period [6,11]. The changes in maximal cystometric
capacity (MCC) and BC among the three periods were mea-
sured. All the terms used in this study followed the definitions
reported by the guidelines of the International Continence So-
ciety [12]. This study was approved by the Institutional Review
Board of the Seoul National University Hospital. All values are
given as means + standard errors (SEs). Descriptive analyses for
age were performed. The urodynamic findings were compared
between the two groups by use of the independent Student’s t-
test and analysis of covariance. All statistical analyses were per-
formed by using commercially available software SPSS ver. 17.0
(SPSS Inc., Chicago, IL, USA) and SAS ver. 9.2 (SAS Institute
Inc., Cary, NC, USA). A two-tailed P-value of 0.05 was consid-
ered to indicate statistical significance.

RESULTS

Group 1 and 2 consisted of 28 and 14 patients, respectively. The
patients’ mean age (£ SE) was 51.9 (+12.3) years. The preoper-
ative clinical characteristics of the 42 patients are listed in Table
1. There were no significant differences between the two groups
with regard to age, body mass index, or the International Fed-

Table 1. Patients demographics in each group

Group 1 Group 2

(RHonly) ~ (RH+RT) U
Number 28 14
Age (yr) 5064126  546+116  0.326°
Body mass index (kg/m?)  24.4+3.9 243+4.1 0.938”
FIGO stage 0.525"
1A 1 0
1B 23 10
2A 1 2
2B 3 2

Values are presented as mean + standard error.

FIGO, the International Federation of Gynecology and Obstetrics; RH,
radical hysterectomy; RT, radiation therapy.

“Students t-test was used for data analysis. YChi-square test was used
for data analysis.
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eration of Gynecology and Obstetrics stage.
The urodynamic parameters of the 42 patients preoperatively
and at postoperative 10 days and 6 months are summarized in

Table 2. At postoperative 10 days, almost all parameters except
PVR showed a tendency to decrease compared with the preop-
erative baseline data. Compared with the respective preopera-

tive parameters, the mean maximal flow rate was significantly
Table 2. Changes in urodynamic parameters in total 42 patients decreased and PVR was significantly increased at postoperative

10 days. At postoperative day 10, MCC and BC were 338.3

Postoperative Postoperative

P ti .
TEOPEIAVE " tenthday  sixth month (£15.5) mL and 19.3 (+4.2) mL/cmH,O, respectively. Although
Uroflowmetry normal desire to void and detrusor pressure at maximum flow
Qmax (mL/sec) 23.6+1.6 3.9+0.8 183+1.7 rate decreased slightly at postoperative 10 days, the maximal
Voided volume (mL) 279.1+17.8  50.6+13.0 2288+238 flow rate and BC showed a significant decrease. At 6 months,
PVR (mL) 25.6+6.0 1712+16.8 81.6+14.9 mean MCC and BC were 424.1 (i 17.0) mL and 71.1 (i 9.1)
Cystometry mL/cmH,O, respectively.
MCC (mL) 41654120 33834155 42414170 The results of the urodynamic study of bladder function in
BC (mL/cmH:0) 93.6472 193442 71149.1 each group are shown in Table 3. Compared with that in group
Firstdesire (mL) 22924106 2260+139 25394160 2, BC increased significantly in group 1 at 6 months. Also, MCC
, at 6 months was significantly higher in group 1 than group 2
Normal desire (mL)  320.1+14.2 291.9+153 3384+17.5
) (P=0.02). At 6 months postoperatively, the BC of group 1 had
Strong desire (mL) 416.5+12.0 3383+155 424.1+17.0 ) ] .
increased four times or more compared with that of postopera-
Pressure-flow study . . . . .
tive 10 days. However, it had increased only 2.5 times in group
PdetQmax (cmH,O)  33.1+1.9 29.3+3.3 27.7+3.1

2 during same period (P <0.001).

Values are presented as mean + standard error.

Qmax, maximal flow rate; PVR, post-voided residual; MCC, maximal
cystometric capacity; BC, bladder compliance; PdetQmax, detrusor
pressure at maximum flow rate.

DISCUSSION

The incidence rate of bladder dysfunction after radical pelvic

Table 3. Changes in urodynamic parameters in each group

Group 1 (RH only, n=28) Group 2 (RH+RT, n=14)

s Postoperative Pf)stoperative s Postoperative P(.)stoperative P-value”
tenth day sixth month tenth day sixth month

Uroflowmetry

Qmax (mL/sec) 21.7+12 45+1.1 185+1.6 27.6+14.4 26+1.1 18.0+4.3 0.5

Voided volume (mL) 273.1+22.1 64.5+18.7 247.8+30.4 291.1+31.1 229+738 190.7+36.9 0.58

PVR (mL) 22.5+6.3 163.5+21.0 86.3+20.7 31.9+13.2 186.5+28.3 721+179 0.76
Filling cystometry

MCC (mL) 400.8+15.1 336.9+18.1 446.0+16.6 4479+17.5 341.2£30.2 380.4+36.8 0.02

BC (mL/cmH0) 94.8+9.8 223+6.1 87.6+11.8 91.2+9.6 13.3£2.1 38.1+9.2 <0.001

First desire (mL) 210.6+12.7 218.7+16.6 248.7+185 266.5+15.5 240.6+25.6 264.3+31.7 0.16

Normal desire (mL) 297.9+18.3 283.6+18.0 3458+19.3 364.6+17.3 308.6+29.1 323.7+£36.2 0.66

Strong desire (mL) 400.8+15.1 336.9+18.1 446.0+16.6 4479+17.5 341.2+30.2 380.4+36.8 0.02
Pressure-flow study

PdetQmax (cmH,O) 343+23 30.5+3.3 28.6+3.1 263+9.1 263+9.1 24.8+8.6 0.55

Values are presented as mean + standard error.

RH, radical hysterectomy; RT, radiation therapy; Qmax, maximal flow rate; PVR, post-voided residual; MCC, maximal cystometric capacity; BC,
bladder compliance; PdetQmax, detrusor pressure at maximum flow rate.

9 Analysis of covariance was used for data analysis.
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surgery for uterine cervical cancer is known to be between 70%
and 85% [13,14]. A few studies have suggested that the bladder
dysfunction after RH may be transient and that bladder func-
tion may recover to baseline within 6 to 12 months [2,15]. How-
ever, Sekido et al. [16] reported complicated postoperative uri-
nary tract dysfunction that was sustained for more than 10 years.
In general, bladder dysfunction after radical pelvic surgery is
known to be related to denervation of the autonomic nerve
during surgical procedures. Chen et al. [3] suggested that post-
hysterectomy changes in urinary tract function may be related
to the partial denervation of the autonomic nerve. Our results
suggested that the transient decrease in maximal bladder capac-
ity and BC after RH with or without RT probably occurred
during the immediate postoperative period. However, BC and
maximal bladder capacity were improved to some degree after
6 months. Zullo et al. [4] suggested that the most important
factor for postoperative bladder dysfunction was the resection
of vaginal and paravaginal tissue.

In a previous animal study, Lundbeck et al. [17] demonstrat-
ed a dose-dependent decrease in BC with bladder irradiation.
However, controversy exists over the clinical implications of the
effect of adjuvant RT on bladder function after radical pelvic
surgery. Choo et al. [18] reported changes in urodynamic pa-
rameters between baseline and 18 months after RT by analysed
the patients with adenocarcinoma of the prostate. This was the
first quantitative study of the effect of RT on urodynamics.
Nevertheless, their results had some limitations, such as the
small case series with only 17 patients and the lack of control
for other factors that could affect BC and contractility, even
though all the patients were old aged prostate cancer patients.
Regarding uterine cervical cancer, there have been few studies
in the literature about the effect of RT.

Lin et al. [8] reported that there was no significant difference
in the results of urodynamic study between a RH only group
and a combination group that underwent RH and RT. By con-
trast, Chuang and Kuo [5] reported that patients who were treat-
ed by RH with RT had worse bladder conditions. Thus, contro-
versy remains about the effect of RT, and it is very difficult to
solve this problem. From the view-point of the postoperative
recovery of bladder function, in our study, group 2 showed
slower improvement that did group 1. Therefore, the results of
our study support the theory that RT may result in the deterio-
ration of postoperative bladder function.

Our study has clinical significance because few studies have
assessed the effect of RT by use of urodynamic findings. Al-
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though our study had a small sample size and a relatively short
duration of follow-up, our results were an analysis of single sur-
geon’s surgical outcomes. Therefore, our results minimized the
biases introduced by multiple surgeons and different surgical
skills. In addition, our study was performed by using a central-
ized intensive education system for clean intermittent self-cath-
eterization as we mentioned [9]. All our patients underwent a
follow-up protocol based on strict clean intermittent self-cathe-
terization and regular urodynamic examinations. By using uro-
dynamic parameters, our results support that RH due to uterine
cervical cancer causes an alteration in bladder emptying func-
tion and that this change in bladder function is probably tran-
sient. Also, our results demonstrated that adjuvant RT may be
detrimental to bladder function, especially BC. This effect of
RT may cause functional obstructive uropathy or urinary in-
continence if the decreasing intravesical pressure is not properly
managed. There are a few studies on the risk of changes to the
upper urinary tract related to decreased BC [19,20]. Comiter et
al. [19] suggested that decreased compliance alone did not have
a relatively greater risk of the incidence of azotemia but found a
significantly increased risk of renal insufficiency in patients
with decreased compliance combined with bladder outlet ob-
struction.

Considering that adjuvant RT is inevitable for advanced
uterine cervical cancer, our final goal for treatment should be
not only the gaining of good oncologic outcomes but also the
prevention of upper urinary tract deterioration secondary to
decreased BC. As a result, we recommend that the upper and
lower urinary tract should be monitored carefully in patients
undergoing RH and adjuvant RT. Our future work will focus on
the long-term follow-up of these patients and the enlargement
of sample size. Additional studies are warranted.

In conclusion, RH gives rise to a transient alteration in the
neurophysiology of the lower urinary tract. Although these
changes return to normal within a certain period of time, it is
highly suggested that practitioners pay attention to low BC, es-
pecially in patients who receive adjuvant RT after RH. Further
studies with a larger number of patients and long-term follow-
up are needed to explore upper urinary tract damage.
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