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PURPOSE: This study was designed to investigate sexual
and urinary dysfunction in women who underwent rectal
cancer excision, and the influence of tumor and
treatment variables on long-term outcomes.

METHODS: Data were prospectively collected on 295
women who underwent rectal cancer excision at a tertiary
referral colorectal center from 1998 to 2006. Sexual and
urinary function was assessed preoperatively and at
intervals up to five years after surgery. Functional
outcomes were assessed by using univariate and
multivariate regression analysis, chi-squared test for
trend, or Kruskal-Wallis test.

RESULTS: The mean age of the patients was 60.9 years.
Anterior resection was performed in 222 patients
(75.2 percent) and abdominoperineal resection in
73 patients (24.7 percent). Patients who underwent
abdominoperineal resection were less sexually active
(25 vs. 50 percent; P = 0.02) and had a lower frequency of
intercourse than anterior resection patients at one year
after surgery (anterior resection, 3 (0Y5) (median
interquartile range); abdominoperineal resection 0 (0Y4);
P = 0.029). The frequency of intercourse improved over
time for abdominoperineal resection (4 months, 0 (0Y0)
median interquartile range; 5 years, 3 (0.25Y4) median
interquartile range; P = 0.028). Abdominoperineal
resection was associated with increased dyspareunia (odds
ratio, 5.75; 95 percent confidence interval (CI), 1.87Y17.6;

P = 0.002), urinary urgency (odds ratio, 8.52; 95 percent
CI, 2.81Y25.8; P G 0.001), incontinence (odds ratio, 2.41;
95 percent CI, 1.11Y5.26; P = 0.026), poor stream
(odds ratio, 5.64, 95 percent CI, 2.55Y12.5; P e 0.001),
and urinary retention (odds ratio, 11.7; 95 percent CI,
4.15Y32.9; P G 0.001). Women who underwent
radiotherapy had a 4.68-fold increase in dyspareunia
(95 percent CI, 1.84Y11.9; P = 0.001). Intra-abdominal
sepsis was associated with decreased ability to achieve
arousal (odds ratio, 0.085; 95 percent CI, 0.008Y0.958;
P = 0.046).

CONCLUSIONS: Abdominoperineal resection, radiotherapy,
intra-abdominal sepsis, and age 65 years or older are
associated with significant impairments in female urinary
and sexual outcomes after rectal cancer excision. Sexual
and urinary outcomes should be considered when
planning treatment for patients with rectal cancer.

KEY WORDS: Rectal cancer; Sexual function; Urinary
function; Anterior resection; Abdominoperineal resection.

F
emale sexual and urinary dysfunction are recognized
complications of both anterior resection (AR) and
abdominoperineal excision (APR) for rectal cancer.

Although the effects of radical rectal excision on male
sexual and urinary function have been well described,1

substantially less evidence has been published about the
impact on similar outcomes in women.2,3 Furthermore,
many studies include patients who have undergone
neoadjuvant therapy, making it difficult to determine
the impact of surgical operation alone on female sexual
and urinary function.3Y5

Potential explanations for the apparent paucity of
evidence include difficulties in the measurement of changes
in sexual function over time in women compared withmen.
The primary focus onmale sexual function has been erectile
function and retrograde ejaculation, whereas female sexual
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function is poorly defined.6 Most studies assess female
sexual function in relation to sexual activity,3Y5,7Y10 and
other studies report dyspareunia,3,5 loss of libido,9 and
decreased ability to achieve orgasm5,7 after rectal cancer
excision. Symptoms of urinary dysfunction after AR and
APR have been reported to include difficulties in voiding,5

urinary incontinence,9 increased frequency of voiding,4

and the effects of the hypotonic bladder.10

The primary goal of the study was to compare the
effect of nonrestorative (APR) vs. sphincter-preserving
(AR) surgery on sexual and urinary function over time
for women who underwent rectal cancer excision. The
secondary goal was to identify risk factors independently
associated with sexual and urinary dysfunction, allowing
both patients and clinicians a better understanding of the
implications of their treatment options.

METHODS

Data Source
Female patients who underwent rectal cancer excision
from 1998 to 2006 were identified from the Institutional
Review Board (IRB) approved colorectal cancer database
of the Cleveland Clinic Foundation, Cleveland, Ohio. The
study has been deemed IRB exempt. Although the
database included patients from 1976 onward, prospec-
tively collected functional data were only available from
the period beginning 1998. Functional outcomes were
recorded at eight time intervals; preoperatively, four
months, eight months, one year, two years, three years,
four years, and five years after surgery. A dedicated
database officer validated the data by requesting duplicate
information from patient charts.

Inclusion and Exclusion Criteria
Prospective data on all female patients younger than aged
80 years who underwent AR or APR for rectal cancer
(tumors within 15 cm of the anal verge) was included.
Patients with Stage IV rectal cancer (metastatic disease)
were excluded. All operations were performed by expe-
rienced staff surgeons in a practice of high-volume rectal
cancer surgery using routine nerve-sparing total meso-
rectal excision technique as described in previous reports
from this institution.11Y13

Study Design
This was a nonrandomized, observational, comparative
study based on a retrospective analysis of prospectively
collected data comparing outcomes between women who
underwent AR vs. APR for rectal cancer.

Study Primary End Points and Definitions
The primary end point of the study was sexual and
urinary dysfunction after oncologic resection for rectal

cancer in women. Assessment of female sexual function
was undertaken across the following domains: 1) whether
the patient was sexually active; 2) ability to achieve
arousal; 3) ability to attain orgasm; 4) frequency of sexual
intercourse per month; and 5) presence of dyspareunia.
The domains assessed in relation to urinary function were
symptoms of 1) urinary urgency, 2) urinary incontinence,
3) nocturia, 4) poor urinary stream, 5) straining to pass
urine, and in addition 6) the incidence of urinary
retention, and 7) the need for the use of a urinary
catheter.

With the exception of frequency of sexual inter-
course, which was represented by the number of episodes
per month, each domain of urinary and sexual function
was set as a binary outcome (yes/no) and was prospec-
tively recorded at eight time intervals: preoperatively, four
months, eight months, one year, two years, three years,
four years, and five years after surgery.

Patient comorbidity was assessed by the American
Society of Anesthesiologists grade14 and the tumor stage
according to the TNM (tumor, nodes, metastases) stage
and stage grouping of the American Joint Committee on
Cancer (AJCC).15 The presence of intra-abdominal sepsis
was defined as the radiologic and/or intraoperative
evidence of an intra-abdominal/pelvic abscess or anasto-
motic separation.

Statistical Analysis
Univariate multilevel logistic regression analysis for
repeated measures was used to identify risk factors related
to impairment of sexual and urinary function. Continu-
ous variables, such as age and tumor height from the anal
verge, were categorized into clinically relevant subgroups
representing groups of increasing risk. Risk factors with a
univariate P G 0.25 were included in the multivariate
analysis, and P G 0.05 was considered to represent statis-
tical significance. The chi-squared test was used to com-
pare demographic characteristics between the two groups,
and the impact of variables, such as preoperative radio-
therapy and tumor height on sexual and urinary function.

A two-level logistic regression analysis was used to
adjust for multiple risk factors and their interactions. The
two levels accounted for by the model represented
repeated measures of outcomes within the same patient
in level one, and the individual patient related risk factors
at the second level. The between-subject variability was
assessed by the level two variance and the variability of
outcomes over different measurement times within
subjects was represented by the level one variance, which
was set to assume an extrabinomial distribution.

Each risk factor was manually entered into the model
starting from the most relevant, smallest P value, and
adding each factor in turn. By observing the odds ratios,
the 95 percent confidence intervals for each new factor,
and the change in the log-likelihood statistic, we were
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able to ascertain whether each variable should remain in
the model.

Statistical Software
Software packages used for statistical analysis were SPSSA,
version 14 (SPSS, Inc., Chicago, IL) and STATA SE
version 9.1 (STATA Corp., College Station, TX).

RESULTS

Study Population
The Cleveland Clinic Colorectal Cancer database included
885 patients with prospective data on urinary and sexual
function undergoing rectal cancer excision, of whom 313
(35.4 percent) were women (Table 1). A total of 295
women (94.2 percent) who fulfilled the inclusion criteria
were identified for the study period of 1998 to 2006.
Anterior resection was performed in 222 patients (75.2
percent) and APR in 73 patients (24.7 percent). Overall
the mean (standard deviation) follow-up was 3.2 years
(T2.9) and the duration of follow-up did not differ
significantly between the AR and APR groups.

Patients undergoing APR were significantly older
(APR mean (standard deviation) 65.5 (14.1) years vs.
AR 59.3 (13.2); P = 0.001) and were more likely to receive
chemotherapy (APR 64.4 percent vs. AR 47.7 percent;
P = 0.014) or radiotherapy (APR 60.3 percent vs. AR 33.8

percent; P G 0.001). Overall, 119 (40.3 percent) patients
were irradiated: 83.3 percent preoperatively and 17.6
percent postoperatively. The AR and APR groups did not
differ significantly in terms of tumor stage, the incidence
of postoperative intra-abdominal sepsis, or American
Society of Anesthesiologists grade. The nonresponse rate
for questions on urinary function was 34 to 36 percent for
the seven domains and for sexual function the nonre-
sponse rate was 51 to 61 percent. Loss to follow-up was
2.4 percent (n = 7) for Year 1, 1.7 percent (n = 5) for
Year 2, 10.2 percent (n = 30) for Year 3, 10.8 percent
(n = 32) for Year 4, and 15.3 percent (n = 45) for Year 5.

Sexual Function
Patients who underwent APR were significantly less likely
to be sexually active (25 vs. 50 percent; P = 0.02), and
those who were sexually active had a lower frequency
of intercourse than AR patients at one year after surgery
(AR 3 (0Y5) (median interquartile range), APR 0 (0Y4);
P = 0.029; Fig. 1). The frequency of intercourse improved
significantly over time for APR patients (4 months, 0
(0Y0); 5 years, 3 (0.25Y4); P = 0.028). At 8 months, APR
patients were less likely to be able to achieve arousal
(APR 56 percent, AR 77.1 percent; P = 0.039) or orgasm
(APR 42.9 percent, AR 73.3 percent; P = 0.009) than
those who underwent AR. The ability to achieve orgasm
in patients who underwent APR did improve significantly

TABLE 1. Characteristics of study population: AR vs. APR

Total patients AR APR P value* APR vs. AR

Patients 295 222 (75.2) 73 (24.7)
Age (yr) 60.9 T 13.6 59.3 T13.2 65.5 T 14.1 0.001y

ASA grade
1 2 (0.7) 1 (0.5) 1 (1.4) 0.092
2 128 (43.4) 104 (46.8) 24 (32.9)
3 146 (49.5) 103 (46.4) 43 (58.9)
4 3 (1) 2 (0.9) 1 (1.4)

Radiotherapy 119 (40.3) 75 (33.8) 44 (60.3) GG0.001
Chemotherapy 153 (51.9) 106 (47.7) 47 (64.4) 0.014
Height tumor95 cm 178 (60.3) 168 (75.4) 10 (13.7) GG0.001
Tumor (T) stage 0.408
T1 277 (93.9) 206 (92.8) 71 (97.3)
T2 2 (0.6) 2 (0.9) 1 (1.4)
T3 14 (4.7) 13 (5.9) 1 (1.4)
T4 1 (0.3) 1 (0.5) 0 (0)

Nodal (N) stage 0.572
N1 4 (1.4) 4 (1.8) .
N2 4 (1.4) 4 (1.8) .
N0 70 (23.7) 51 (23) 19 (26)
Nx 5 (1.4) 4 (1.8) 1 (1.4)

Intra-abdominal sepsis 11 (3.72) 9 (4.05) 2 (2.73) 0.064
Follow-up (yr) 3.2 T 2.9 3.28 T 3.2 2.95 T 1.6 0.727y

Any recurrence 7 (2.4) 4 (1.8) 3 (4.1) 0.261

AR = anterior resection; APR = abdominoperineal excision; ASA = American Society of Anesthesiologists.
Data are numbers with percentages in parentheses or means T standard deviations unless otherwise indicated.
*Pearson’s chi-squared statistic; yANOVA, significant P value (G0.05) in bold.
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over time (4 months 26.3 percent; 5 years 66.7 percent;
P = 0.028). Dyspareunia became significantly worse five
years after anterior resection (4 months 18.2 percent;
5 years 27.3 percent; P = 0.03); however, APR was
associated with increased dyspareunia for up to four years
follow-up (APR 80 percent vs. AR 25 percent; P = 0.016;
Table 2).

P G 0.05 in the trend over time column of Table 2
indicates that patients within the group of a particular

operation type have experienced a significant change in
their symptom during the five-year follow-up (between-
occasion-within-subject variance). The trend over time
does not include preoperative results. P G 0.05 in Table 2
at fixed points of follow-up (e.g., 4 months) demonstrates
that there is a significant difference in the number of
patients who experience symptoms between AR and APR.

On univariate regression analysis of potential explan-
atory variables against the five domains of sexual function
(the presence of sexual activity, the ability to achieve
arousal and orgasm, the frequency of sexual intercourse
per month, and the presence of dyspareunia), the
operation performed (AR vs. APR), the use of radiother-
apy (no radiotherapy vs. radiotherapy), age at surgery
(G65years vs. Q65 years), and the development of intra-
abdominal sepsis postoperatively (no sepsis vs. sepsis)
were found to be significantly associated with adverse
sexual outcomes (P G 0.05). Chemotherapy, partial
resection of bladder/vagina, and diabetes were not found
to be significant. Significant factors were entered into a
multifactorial regression model, the results which are
shown in Table 3. Dyspareunia was increased 5.75-fold
after APR (95 percent confidence interval (CI), 1.87Y17.6;
P = 0.002) and was 4.68 times more likely after radio-
therapy (95 percent CI, 1.83Y11.9; P = 0.001). Dyspar-
eunia remained a significant symptom for five years after
APR (P = 0.001; Fig. 2).

Patients who were aged 65 years or older were signif-
icantly less likely to experience dyspareunia postoperatively

TABLE 2. Five domains of sexual function in women who underwent AR vs. APR for rectal cancer excision

Sexual function Preoperative 0.4 years 0.8 years 1 year 2 years 3 years 4 years 5 years
P value trend

(time)

Sexually active
AR 44.8 (105) 40.2 (117) 38.6 (114) 50 (90) 37.4 (91) 43.3 (60) 43.5 (46) 34.5 (29) 0.914z

APR 27 (37) 12.8 (39) 25.9 (27) 25 (28) 30.8 (26) 27.8 (18) 30.8 (13) 20 (10) 0.126z

p value* 0.058 0.002 0.218 0.02 0.537 0.237 0.41 0.392
Ability to achieve arousal
AR 69.8 (116) 65.6(96) 77.1 (83) 77.9 (68) 74.6 (71) 77.8 (45) 87.5 (32) 66.7 (24) 0.106z

APR 66.7 (27) 55.2(29) 56 (25) 46.2 (26) 72.2 (18) 53.3 (15) 100 (7) 65.6 (8) 0.202z

P value* 0.749 0.306 0.039 0.003 0.834 0.069 0.323 0.83
Frequency of intercourse per month
AR 1 (0Y5) 0 (0Y4) 1 (0Y4) 3 (0Y5) 2 (0Y4) 2.5 (0.25Y4) 2 (0Y4) 1.5 (0Y3.25) 0.097`

APR 0 (0Y1) 0 (0Y0) 0 (0Y2.75) 0 (0Y4) 2.5 (0Y4.8) 1 (0Y4) 4 (0Y7.5) 3 (0.25Y4) 0.028`

P valuey 0.02 0.014 0.096 0.029 0.926 0.314 0.461 0.485
Ability to attain orgasm
AR 66.7 (108) 64 (86) 73.3 (75) 76.9 (65) 73.4 (64) 77.5 (40) 86.2 (29) 56.5 (23) 0.192z

APR 65.2 (23) 26.3 (19) 42.9 (21) 55 (20) 71.4 (14) 61.5 (13) 100 (6) 66.7 (9) G0.001z

P value* 0.894 0.003 0.009 0.057 0.878 0.257 0.334 0.599
Dyspareunia
AR 14.5 (110) 18.2 (88) 27.8 (72) 33.3 (63) 35.5 (62) 38.5 (39) 25 (28) 27.3 (22) 0.033z

APR 25 (24) 40 (20) 55 (20) 50 (18) 76.9 (13) 50 (12) 80 (5) 62.5 (8) 0.099z

P value* 0.21 0.034 0.023 0.197 0.006 0.478 0.016 0.077

AR = anterior resection; APR = abdominoperineal excision.
Data are percentages of total number of patients with the event with the total number of patients within each time interval shown in parentheses or medians with ranges
in parentheses unless otherwise indicated.
*Pearson’s chi-squared statistic, yMann-Whitney U test, zGamma statistic, `Kruskal-Wallis statistic, significant P value (G0.05) in bold.

FIGURE 1. Trend in frequency of intercourse per month over time:
anterior resection (AR) vs. abdominoperineal resection (APR).
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(odds ratio (OR)=0.095; 95 percent CI, 0.031Y0.291; P =
0.043); however, they were less sexually active (OR =
0.016; 95 percent CI, 0.006Y0.039; P = 0.04), had a lower
frequency of intercourse (OR = 0.093; 95 percent CI,
0.041Y0.208; P G 0.001), and had significant difficulty in
achieving arousal and orgasm compared with patients
younger than aged 65 years (P G 0.001).

Patients with intra-abdominal sepsis were less likely
be able to achieve arousal postoperatively (OR = 0.085; 95
percent CI, 0.008Y0.958; P = 0.046). Tumor height was
not associated with a significant increase in sexual
dysfunction on multivariate analysis.

Urinary Function
The results of changes in urinary function for anterior
resection and APR over time can be seen in Table 4. Poor
stream was more common after APR than AR at four
months, eight months, one year, and two years (P =
0.007) and became worse over time. Urinary urgency was
more frequent in APR patients for up to one year after
surgery (APR 54.8 percent vs. AR 35.8 percent; P =
0.034), but symptoms of urgency increased over time for
anterior resection patients (32.4 percent at 4 months vs.
54.5 percent at 5 years; P = 0.008). APR patients were
significantly more likely to develop urinary retention than
anterior resection patients up to two years after operation
(APR 38.7 percent vs. 17.6 percent AR; P = 0.013);
however, use of a catheter was only significantly higher
for APR patients four months postoperatively (APR 9.1
percent vs. AR 1.5 percent; P = 0.014).

APR patients had a higher incidence of incontinence
than anterior resection patients at four months (APR 42.2
percent vs. AR 16.2 percent; P G 0.001) and at one year
(APR 36.6 percent vs. AR 17.8 percent; P = 0.015).
Anterior resection patients had an increased risk of

TABLE 3. Multivariate analysis of factors associated with sexual dysfunction in women who underwent rectal cancer excision

Sexually activey Arousedy Dyspareuniay Orgasmy Intercourse per monthz

Risk factor OR 95 percent CI OR 95 percent CI OR 95 percent CI OR 95 percent CI " 95 percent CI

Groups
AR 1 1 1 1 1
APR 0.39 0.144, 1.05 0.694 4.81, 10122.5 5.75* 1.87, 17.6 0.548 0.183, 1.64 0.454 0.182, 1.13
No radiotherapy 1
Radiotherapy 4.68* 1.83, 11.9
Age G65 yr 1 1 1 1 1
Age Q65 yr 0.016* 0.006, 0.039 0.04* 0.016, 0.102 0.095* 0.031, 0.291 0.043* 0.017, 0.112 0.093* 0.041, 0.208
No intra-abdominal
sepsis

1 1 1

Intra-abdominal
sepsis

0.172 0.021, 1.38 0.085* 0.008, 0.958 0.141 0.016. 1.25

Time interval
Preoperative 1 1 1 1 1
4 mo 0.443 0.191, 1.03 0.565 0.239, 1.33 2.85 1.08, 7.51 0.336* 0.138, 0.819 0.315* 0.164, 0.608
8 mo 0.001 0.214, 1.18 0.965 0.382, 2.44 5.56 2.09, 14.9 0.571 0.224, 1.46 0.337* 0.17, 0.667
1 yr 1.97 0.438, 2.61 0.564 0.211, 1.51 7.22 2.63, 19.8 0.93 0.34, 2.54 0.472* 0.229, 0.973
2 yr 0.566 0.235, 1.36 0.608 0.225, 1.64 9.25 3.36, 25.5 0.588 0.214, 1.62 0.509 0.242, 1.07
3 yr 0.089 0.273, 2.26 0.624 0.198, 1.96 12 3.89, 37.3 0.991 0.3, 3.27 0.433* 0.187, 1
4 yr 0.431 0.139, 1.34 1.824 0.307, 10.8 8.64 2.31, 32.3 1.51 0.28, 8.13 0.515 0.2, 1.33
5 yr 0.274 0.069, 2.27 0.404 0.098, 1.66 12.8 3.18, 51.3 0.592 0.152, 2.31 0.302* 0.106, 0.862
Constant 1.05 0.289, 1.81 3.17 2.31, 4.03 j3.46 j4.41, j2.61 2.81 1.97, 3.65 3.96 3.32, 4.6
Level 2 variance 11.9 8.85, 17 11 7.84, 16.2 8.99 6.22, 14 10.1 7.17, 15.1 2.19
Level 1 variance 1.92 1.81, 2.02 1.89 1.76, 2.02 1.81 1.66, 1.97 1.86 1.72, 2 0.51

AR = anterior resection; APR = abdominoperineal excision; OR = odds ratio; CI = confidence interval; DXT = radiotherapy.
*Significant P value (G0.05); ylogistic regression analysis; zlinear regression analysis.

FIGURE 2. Trend in dyspareunia over time: anterior resection (AR)
vs. abdominoperineal resection (APR).
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developing incontinence over time (16.2 percent at 4
months vs. 33.3 percent at 5 years; P e 0.001). There was
no significant improvement in the number of patients
who experienced incontinence during the five-year
follow-up for APR. There was a trend of worsening
function; however, this was not significant. Straining was
worse in APR patients than anterior resection at four
months (APR 24.4 percent vs. AR 8.8 percent; P = 0.006);
however, the APR patients improved slowly over time.
There was no significant difference in nocturia between
the two groups and there was a nonsignificant trend for
improvement in the incidence of nocturia over time for
APR patients.

On univariate regression using the seven domains of
urinary function, operation (AR vs. APR), tumor height
(e5 cm vs. 95 cm), use of radiotherapy (no radiotherapy
vs. radiotherapy), age (G65 years vs. Q65 years), and
development of intra-abdominal sepsis postoperatively
(no sepsis vs. sepsis) were found to be associated with
impaired urinary function. The results of the multifacto-
rial regression analysis for five of the seven domains of
urinary function are shown in Table 5. Abdominoperineal

resection was associated with a higher risk of urinary
urgency (OR = 8.52; 95 percent CI, 2.82Y25.8; P G 0.001),
incontinence (OR = 2.41; 95 percent CI, 1.11Y5.26; P =
0.026), and poor stream (OR = 5.64; 95 percent CI,
2.55Y12.5; P e 0.001). The risk of experiencing symptoms
of poor stream remained poor during the five years of
follow-up (5 years OR = 5.96; 95 percent CI, 1.65Y21.5;
P = 0.006). The risk of urinary incontinence was greater
at two and four years of follow-up. Patients older than
aged 65 years had a higher risk of nocturia (OR = 2.05;
95 percent CI, 1Y4.2; P G 0.05) but were 60 percent less
likely to strain to pass urine (95 percent CI, 0.166Y0.943;
P = 0.036). Risk of straining to pass urine was signifi-
cantly worse at the follow-up of four and eight months.

Radiotherapy and the presence of intra-abdominal
sepsis were not significant risk factors for any of the seven
domains of urinary function. APR was the only significant
independent predictor for catheter use on multivariate
analysis (OR = 3.96; 95 percent CI, 1.32Y11.8; P = 0.014).
APR was associated with an increased risk of urinary
retention postoperatively (OR = 11.7; 95 percent CI,
4.15Y32.9; P G 0.001). Age older than 65 years was

TABLE 4. Seven domains of urinary function in women: AR vs. APR

Urinary function Preoperative 0.4 years 0.8 years 1 year 2 years 3 years 4 years 5 years
P value trend

(time)

Poor stream
AR 7 (10) 14.1 (19) 8.9 (11) 5.6 (6) 11.8(13) 15.1(73) 17.9 (56) 15.6 (32) 0.343*
APR 12.5 (48) 28.6 (42) 28.9 (38) 25.6 (39) 32.3 (31) 30.4 (23) 31.3 (16) 30.8 (13) 0.861*

P valuey 0.239 0.031 0.002 0.001 0.007 0.1 0.245 0.25
Nocturia
AR 33.3 (144) 25.7 (136) 22.2 (126) 21.1 (109) 22.5 (111) 16.4 (73) 23.2 (56) 30.3 (33) 0.597*
APR 27.1 (48) 35.6 (45) 35.9 (39) 28.6 (42) 25 (32) 24 (25) 20 (15) 15.4 (13) 0.053*

P valuey 0.421 0.204 0.087 0.33 0.769 0.399 0.791 0.299
Strain water
AR 2.8 (144) 8.8 (136) 8.8 (125) 5.5 (109) 6.3 (111) 5.5 (73) 12.7 (55) 9.4 (32) 0.974*
APR 8.3 (48) 24.4 (45) 15.4 (39) 14.3 (42) 9.7 (31) 13 (23) 18.8 (16) 7.7 (13) 0.145*

P valuey 0.095 0.006 0.239 0.074 0.517 0.224 0.542 0.857
Urinary retention
AR 16.3 (141) 22.1 (136) 22.4 (125) 22.2 (108) 17.6 (108) 31.1 (74) 20 (55) 27.3 (33) 0.473*
APR 18.8 (48) 48.9 (45) 51.3 (39) 40.5 (42) 38.7 (31) 44 (25) 43.8 (16) 30.8 (13) 0.225*

P valuey 0.697 0.001 0.001 0.024 0.013 0.24 0.055 0.813
Urgency
AR 35 (143) 32.4 (136) 36 (125) 35.8 (109) 36.4 (110) 47.3 (74) 42.9 (56) 54.5 (33) 0.008*
APR 47.9 (48) 60 (45) 59 (39) 54.8 (42) 48.4 (31) 45.8 (24) 62.5 (16) 39.5 (13) 0.221*

P valuey 0.11 0.001 0.011 0.034 0.225 0.901 0.165 0.326
Incontinence
AR 20.7 (140) 16.2 (136) 21.8 (124) 17.8 (107) 28.4 (109) 29.7 (74) 34.5 (55) 33.3 (33) G0.001*
APR 25 (48) 42.2 (45) 28.9 (38) 36.6 (41) 29 (31) 29.2 (24) 37.5 (16) 23.1 (13) 0.305*

P valuey 0.535 G0.001 0.361 0.015 0.949 0.958 0.828 0.496
Catheter
AR 0.7 (143) 1.5 (136) 0.8 (125) 1.9 (108) 1.8 (109) 0 (73) 0 (55) 0 (33) 0.304*
APR 0 (48) 9.1 (44) 2.6 (39) 4.8 (42) 3.2 (31) 1 (25) 0 (16) 7.7 (13) 0.393*

P valuey 0.561 0.014 0.381 0.321 0.637 0.086 0.107

AR = anterior resection; APR = abdominoperineal excision; strain water = symptoms of straining to pass water; catheter = patient required insertion of urinary catheter.
Data are percentages of total number of patients with the event with the total number of patients within each time interval shown in parentheses unless otherwise
indicated.
*Gamma statistic; yPearson’s chi-squared statistic, significant P value (G0.05) in bold.
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associated with a 69 percent decrease in urinary retention
(95 percent CI, 0.152Y0.647; P = 0.002).

DISCUSSION

This study has highlighted how urinary and sexual
function is significantly impaired in women after radical
excision of rectal cancer. Fewer than half of the patients
studied were found to be sexually active one year after
surgery, and of those who were, a significantly higher
proportion had undergone AR compared with APR. On
multivariate analysis, accounting for factors, including the
age of the patients and the height of their tumors above
the anal verge, APR was associated with reduced sexual
activity, an increased incidence of dyspareunia, and poor
urinary function in terms of symptoms of urgency,
incontinence, impaired stream, and episodes of retention.
Long-term sequelae of postoperative intra-abdominal
sepsis were found to include significant reductions in
the ability to achieve arousal and orgasm compared with
those patients with an uncomplicated postoperative
course.

There are limitations to this study, which should be
recognized when interpreting the data. There was a
progressive decrease in the number of patients included
at each follow-up time interval. Patients were mainly lost
to follow-up through death and changes in geographic
location. The information was collected using nonvali-

dated questionnaires, which would have allowed greater
reliability and also provided information on domains
such as desire, lubrication, and overall sexual satisfaction.
Although sexual activity and frequency of intercourse are
not used as indicators of sexual function in the most
commonly used female sexual function questionnaires
(Female Sexual Function Index,16 and the Golombok
Rust Inventory of Sexual Satisfaction17), they are impor-
tant and may act as indicators of sexual function.

Urinary function was assessed through patients’
symptoms rather than invasive urodynamic and flow
studies. This should be taken into account when
interpreting the results; however, the questions act as a
screening tool for dysfunction and provide an indication
of bladder function. The purpose of the data collected was
to allow an overview of the functional outcomes of
patients postoperatively. The relationship status and
sexual orientation is not known for the patients and this
may have an impact on sexual activity and frequency of
sexual intercourse. We have not addressed the meno-
pausal status of the patients, which can affect levels of
desire, lubrication, and dyspareunia18,19 and is associated
with vaginal atrophy. The mean age for both APR and AR
patients was older than 55 years, therefore, it is likely that
the majority of patients were menopausal or perimeno-
pausal. Information on the menopausal state, the use of
hormone replacement therapy, and previous pelvic
surgery is important, and the information collected in

TABLE 5. Multivariate analysis of factors associated with urinary dysfunction in women who underwent rectal cancer excision

Strain watery Urgencyy Incontinencey Nocturiay Poor streamy

Risk factor OR 95 percent CI OR 95 percent CI OR 95 percent CI OR 95 percent CI OR 95 percent CI

Groups
AR 1 1 1 1 1
APR 4.72* 1.91, 11.7 8.52* 2.81, 25.8 2.41* 1.11, 5.26 1.45 0.647, 3.27 5.64* 2.55, 12.5
Tumor95 cm 1
Tumor e5 cm 0.194* 0.072, 0.527
AgeG65 yr 1 1
Age Q65 yr 0.396* 0.166, 0.943 2.05* 1, 4.2
No intra-abdominal
sepsis

1

Intra-abdominal
sepsis

6.82 1.25, 37.2

Time interval
Preoperative 1 1 1 1 1
4 mo 5.84* 2.07, 16.5 0.846 0.430, 1.67 1.128 0.564, 2.26 0.771 0.407, 1.46 4.36* 1.86, 10.2
8 mo 4.47* 1.51, 13.2 1.22 0.607, 2.46 1.13 0.66, 2.73 0.653 0.332, 1.29 2.52* 1.04, 6.13
1 yr 3.13 0.996, 9.81 1.18 0.579, 2.41 1.34 0.586, 2.55 0.448 0.219, 0.918 1.94 0.754, 5.01
2 yr 3.34* 1.02, 10.9 1.08 0.517, 2.24 1.22 1.06, 4.56 0.503 0.243, 1.04 4.37* 1.76, 10.9
3 yr 2.61* 0.711, 9.61 2.06 0.91, 4.66 2.16 0.918, 4.64 0.26 0.107, 0.637 4.75* 1.77, 12.7
4 yr 7.22* 2.04, 25.6 1.83 0.731, 4.56 2.07 1.65, 9,88 0.395 0.147, 1.06 5.33* 1.83, 15.5
5 yr 3.45 0.705, 16.9 1.63 0.539, 4.95 4.03 0.761, 6.24 0.518 0.163, 1.65 5.96* 1.65, 21.5
Constant j5.02 j6.1, j3.94 0.766 j0.523, 2.05 2.18 0.045, 0.154 j1.81 j2.46, j1.16 0.012 0.005, 0.027
Level 2 variance 7.38 5.17, 11.4 10.2 7.56, 14.5 9.64 7.21, 13.5 9.78 7.31, 13.7 7.74 5.66, 11.2
Level 1 variance 1.73 1.57, 1.9 1.86 1.74, 1.98 1.84 1.72, 1.96 1.85 1.73, 1.96 1.75 1.61, 1.9

CI = confidence interval; OR = odds ratio;
*Significant P value (G0.05); ylogistic regression analysis.
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the future for the database will be amended to include
these aspects. The response rate of 40 percent for
questions on sexual function is similar to previously
published studies20,21 and is related to topic and the
nature of the questions.

The main urogenital nerves that are at risk during
pelvic dissection are the 1) nervi erigentes (parasympa-
thetic sacral splanchnic nerves), 2) inferior hypogastric
plexus, 3) superior hypogastric plexus, and 4) somatic
pudendal nerves. Impairments in sexual and urinary
function after radical rectal surgery may be the result of
damage to these autonomic nerves from blunt pelvic
dissection or sharp dissection without clear visualization
and protection of these nerve fibers. Access to the lesser
pelvis is limited by its bony limits and the autonomic
nerves lie in close relation to the mesorectum and its
plane of dissection. Damage to these nerves is likely to
explain in part the adverse outcomes after mesorectal
excision. Total mesorectal excision with dissection out-
side the fascia propria of the rectum has been reported to
impair female sexual and urinary function.9 The addition
of autonomic nerve preservation to total mesorectal
excision has been shown to maintain improved female
sexual function (for arousal, ability to achieve orgasm,
and vaginal lubrication) and urinary function postoper-
atively (for the symptoms of frequency and inconti-
nence).7,22 More experienced surgeons are able to
perform nerve preservation techniques to a greater
degree.2 Detailed knowledge of the anatomy of the pelvic
autonomic nerves is vital to minimize the potential for
sexual and urinary function after rectal cancer excision.

In addition to nerve injury, postoperative scarring
around the vagina may contribute to dissatisfaction
during, or avoidance of, sexual intercourse. Low rectal
dissection requires full mobilization through the rectova-
ginal septum, and studies have reported that women
undergoing pelvic surgery felt that the vagina was inelastic
and too short during subsequent sexual intercourse.3,23

These problems may be exacerbated if partial excision of
the vaginal wall is required for an acceptable margin of
cancer excision to be achieved, or as a result of pelvic
adhesions.23 The use of advanced sphincter-sparing
techniques, including intersphincteric dissection,24 or
coloanal anastomosis may cause further deterioration of
sexual function by leading to fibrosis and distortion of the
perineum, potentially impairing compliance of the distal
vagina, leading to painful intercourse. Abdominoperineal
resection has been associated with modification of the
bladder’s position in the pelvis and muscular pain during
intercourse.25

The present study has demonstrated how those
patients who receive radiotherapy are 4.7 times more
likely to experience dyspareunia than patients who are
not irradiated. Previous studies have shown radiotherapy
to have a detrimental effect on female sexual func-

tion,7,26,27 with increased dyspareunia, loss of libido, and
fatigue.28 Mechanisms for the increased incidence of
dyspareunia after external beam radiotherapy have been
identified as diffuse fibrosis and mucosal irritation.7 In
addition, younger, premenopausal patients undergoing
pelvic irradiation may develop premature ovarian failure,
which has been associated with loss of the ability to
achieve orgasm and postcoital bleeding.29

By using multivariate regression analysis, this study
has attempted to determine the significance of individual
factors in urogenital dysfunction. The choice of operative
procedure performed and the use or otherwise of (neo)-
adjuvant radiotherapy may be regarded as the most
important factors determining subsequent sexual and
urinary function, not least when considering how these
are the only factors over which the clinician and patient
can exert choice, whereas other variables, such as age of
the patient, are fixed and prediction of postoperative
intra-abdominal sepsis is difficult. When the tumor
characteristics dictate that there is no acceptable alterna-
tive to APR, this study provides information for potential
patients concerning their likely subsequent sexual and
urinary function.

It is intuitive that the age of patients with rectal
cancer will impact significantly on their postoperative
sexual function. The results of the present confirm how
those older than aged 65 years experienced a significantly
higher risk of sexual dysfunction across all domains
compared with their younger counterparts. A systematic
review on the impact of aging on sexual function in
women concluded that women experience a decrease in
sexual activity and desire with increasing age and that this
decline usually begins in the fourth decade.30 Although
the majority of patients treated for rectal cancer are older
than aged 60 years, it has been reported that older
patients are still concerned with limitations in their
postoperative sexual function,3 therefore, it is important
that the outcomes illustrated by studies such as this are
communicated to patients as part of the consent process,
allowing them to make better informed decisions about
the management of their rectal cancers. It is important
not to dismiss concern over sexual dysfunction in the
older population as an insignificant problem, because it
may significantly impact patients’ subsequent quality of
life.

CONCLUSIONS

Abdominoperineal resection, radiotherapy, age older than
65 years, and the presence of intra-abdominal septic
complications are important predictors for poor sexual
outcome. Abdominoperineal resection significantly
reduces sexual activity, frequency of intercourse, ability
to achieve arousal and orgasm, and increases the risk
of dyspareunia compared with anterior resection. In
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addition, APR adversely affects urinary function in the
domains of urgency, incontinence, flow, and urinary
retention. Further prospective studies using validated
questionnaires are required to assess the full impact of
rectal cancer surgery on urinary and sexual function.
Although the primary goals of rectal cancer surgery are
oncologic clearance of the tumor, minimizing local
recurrence, and prolonging survival, the quality of life
postoperatively also is important for the patient. Knowl-
edge of potential future problems in sexual and urinary
function should be incorporated into preoperative
counseling and informed consent.
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