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Can Anorectal Manometry Findings Predict Subsequent Late 
Gastrointestinal Radiation Toxicity in Prostate Cancer Patients?
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Purpose
The purpose of this study is to investigate the influence of radiotherapy (RT) on anorectal
function and radiation-induced toxicity in patients with prostate cancer.

Materials and Methods
Fifty-four patients who were treated with RT for prostate cancer (T1c-4N0-1M0) were eval-
uated. To assess the changes in anorectal function, two consecutive anorectal manometry
readings were performed in patients, before and after 4-6 months of RT. Late gastrointesti-
nal (GI) toxicity was defined as symptoms occurring more than 6 months after RT. The 
median radiation dose was 70.0 Gy (range, 66.0 to 74.0 Gy). Whole pelvis field RT was per-
formed in 16 patients (29.6%). Grade of late radiation toxicity was defined in accordance
to the severity of symptoms (Gulliford’s scoring system).

Results
The median follow-up period was 60 months. Resting anal pressure (p=0.001), squeeze
pressure (p < 0.001), and urge to defecate volume (p=0.025) were significantly reduced
after RT. Fourteen patients (25.9%) experienced late GI toxicities. Among them, nine (16.7%)
showed severe (grade ! 2) late toxicities. Elevated resting and squeeze external anal sphinc-
ter pressure prior to RT and large urge to defecate volumes after RT were associated with
the occurrence of late GI toxicities.

Conclusion
RT caused symptomatic anorectal dysfunction and resulted in a weakened anal sphincter.
Increased urge to defecate volumes after RT were related to late GI toxicities. Elevated rest-
ing and squeeze anal sphincter pressure prior to RT rodcan be used to identify patients with
an increased risk of late GI toxicities. 
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Introduction

Anorectal manometry (ARM) is commonly used to test
anorectal physiology, and it is also used in studies of the
anorectal toxicities after radiotherapy (RT) [1,2]; it could 
potentially be used to determine sensory functions and
anorectal contractility.

The pathophysiology of radiation-induced anorectal 
dysfunction is still unclear. However, fibrosis seems to be 

related to pathogenesis [3]. Colonic dysmotility is related to
urgency or frequency of stooling [4,5]. However, it is not 
related to the morphology of the anal sphincter [5]. Fecal 
incontinence is thought to be due to injury of the nerve
plexus of the rectal muscular area [6]. Fecal urgency may be
related to increased rectal wall stiffness [7]. 

Although the technological development of RT has 
reduced the risk of radiation-induced toxicities, a substantial
number of prostate cancer patients still suffer from the side
effects of RT; radiation-induced toxicities occur in 6%-34% of
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prostate cancer patients undergoing RT [8]. Prostate cancer
patients treated with RT often complain about newly devel-
oped gastrointestinal (GI) symptoms, such as frequency, 
urgency, tenesmus, incontinence, and rectal bleeding [9].
Fecal incontinence [6] and rectal bleeding [10] are well-
known severe late complications of RT that can persist long-
term. Fecal incontinence decreases the quality of the patients’
lives over time [11]. In this study, we compared the results
of ARM before and after RT to evaluate the patterns of
anorectal function changes after RT used to treat prostate
cancer. Also, we studied the relationship between the find-
ings of ARM and late GI toxicities after RT in order to iden-
tify which patients are at increased risk for toxicities. This
research is a new attempt to determine whether ARM find-
ings are able to predict subsequent external beam RT late 
effects.

Materials and Methods

1. Patients

Fifty-four patients with prostate cancer were treated with
definitive RT at Samsung Medical Center between 2007 and
2010. After approval by the Institutional Review Board (IRB
File No. 2013-11-022), the medical and RT records of patients
were retrospectively reviewed. All patients underwent ARM
within 1 month before RT (pre-RT) and 4-6 months after RT
(post-RT). The patients’ characteristics are summarized in
Table 1. The median age of patients was 72 years (range, 49
to 82 years). Suspected pelvic lymph node metastasis was
noted in 16 patients (29.6%). Nineteen patients (35.2%) 
underwent hormone therapy with RT. 

2. Radiation treatments

All patients underwent simulation with computed tomog-
raphy (CT) scanning for RT planning. A rectal catheter was
inserted, and the balloon was inflated with 60 cm3 of air. For
40 patients, three-dimensional conformal radiotherapy 
(3D-CRT) was delivered. Intensity-modulated radiotherapy
(IMRT) was used for 14 patients. The clinical target volume
(CTV) consisted of the prostate and the adjacent seminal
vesicle. Pelvic lymph nodes were delineated as CTV in 16 
patients with suspected pelvic lymph node metastases. For
organ at risk, rectal volume was generated as the rectal wall
without lumen for the treatment planning. For 40 patients,
the total RT dose was 66-74 Gy with 2 Gy per fraction, using
3D-CRT with 10-15 megavoltage photons. IMRT (n=14) was
delivered with a total of 70 Gy in 28 fractions of 2.5 Gy. 

For 3D-CRT, the beam margins from CTV were 1.2 cm in
all directions. For IMRT, the planning target volume (PTV)
margins from CTV were 0.5 cm, except for a posterior margin
of 0.3-0.5 cm. Daily image guidance with cone-beam CT and
set-error correction for IMRT could aid in reduction of PTV
margin compared to 3D-CRT.

For IMRT planning, the rectal dose constraints used in 
the study were as follows: the maximum rectal dose was 
< 74 Gy, and ! 7%, ! 20%, ! 50%, and ! 90% of the rectal vol-
ume received doses > 70 Gy, > 50 Gy, > 25 Gy, and > 12 Gy, 
respectively. However, no specific dose constraints were 
applied for the anus. For patients who underwent IMRT,
image-guided RT was performed by using a megavoltage CT
in helical tomotherapy.

3. Anorectal manometry

ARM was used to evaluate the anorectal function in this
study. An 8-lumen polyvinyl recording assembly with eight

Table 1. Patient and treatment characteristics (n=54)

Variable No. (%)
Median (range, yr) 72 (49-82)
ECOG performance status
0 23 (42.6)
1 31 (57.4)

T stage
T1c 1 (1.9)
T2 20 (37.0)
T3a 15 (27.8)
T3b 16 (29.6)
T4 2 (3.7)

N stage
N0 38 (70.4)
N1 16 (29.6)

Gleason score 7 (6-10)
Median initial PSA (range, ng/mL) 16.1 (4.2-322.0)
Hormone therapy
Yes 19 (35.2)
No 35 (64.8)

Radiotherapy
Median dose (range, Gy) 70 (66.0-74.0)
RT volume
Whole pelvis 16 (29.6)
Prostate±SV 38 (70.4)

Treatment technique
3D-CRT 40 (74.1)
IMRT 14 (25.9)

ECOG, Eastern Cooperative Oncology Group; PSA,
prostate-specific antigen; RT, radiotherapy; SV, seminal
vesicle; 3D-CRT, 3-dimensional conformal radiotherapy;
IMRT, intensity-modulated radiotherapy.
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side hole recording sites was initially used, and subse-
quently, a catheter with a distensible rectal balloon at the 
distal end was used. The side-hole recording sites were 
0.5 cm apart in a spiral configuration around the tube. The
anal sphincter pressure profile was obtained at each radial
orientation by a slow pull-through of the sphincter. The
recording assembly was then positioned across the sphincter
to allow for continuous monitoring of internal and external
sphincter activity. Patients were asked to voluntarily contract
the sphincter as hard as possible in order to quantify the 
rectal balloon volume and anal sphincter tones. The balloon
volumes associated with internal/external anal sphincter
contraction and a sensation of rectal distention were noted. 

Anal sphincter tone, functional anal canal length, and the
sensation of rectal distention were assessed by ARM [12].
Resting anal sphincter pressure (ASP), defined as the differ-
ence between the intrarectal pressure and highest recorded
ASP at rest, is generally recorded 1-2 cm from the anal verge.
The maximum squeeze pressure was defined as the highest
pressure that is recorded at any level within the anal canal
during squeeze maneuver. The perception threshold volume
was defined as the balloon volume that correlates with the
first rectal distention. The urge to defecate volume was 
defined as the balloon volume at the moment when the 
patient first noted an urge to defecate. The anal canal length
was defined as the length of the anal canal, over which the
resting pressure exceeded that of the rectum by greater than
5 mm Hg or, alternatively, as the length of the anal canal over
which pressures were greater than half of the maximal pres-
sure at rest. Internal ASP (IASP) was defined as the resting
tone of the internal anal sphincter. Resting and maximum 
external ASP (EASP) were defined as the tones of the external
anal sphincter during rest and during maximum voluntary 
contraction/effort (in response to increased intra-abdominal
pressure), respectively.

4. Symptom evaluation

The symptoms were assessed and recorded at every 
follow-up visit. Late GI toxicity was defined as symptoms
occurring more than 6 months after RT. The degree of late GI
tocixity was assessed in accordance to the late effects in 
normal tissues measured by using the new late radiation
morbidity scoring schema by Gulliford et al. [13]. In patients
with multiple clinical symptoms, multiple checking was 
allowed in symptom evaluation.

5. Statistics

The changes in the parameters of ARM before and after RT
were evaluated with a paired t test. The chi-square test was
used to evaluate the relationship between RT-related toxici-
ties and clinical factors (i.e., T stage) or treatment methods
(i.e., hormone therapy, RT volume, and RT modality). Statis-
tical correlation between late GI toxicities and anorectal
manometric findings was tested by a binary logistic regres-
sion. The p-values of < 0.05 (2-sided test) were considered 
to be statistically significant. Statistical analyses were 
performed using SPSS ver. 20 (IBM Co., Armonk, NY).

Results

1. Functional changes 

Anal pressures at rest and in response to squeezing were
significantly decreased after RT (p=0.001 and p < 0.001, 
respectively) (Table 2). The volumes at perception of rectal
distention were not changed after RT. However, an urge to

Table 2. Changes in the parameters of anorectal manometry in patients before and after radiotherapy evaluated with a
paired t test

Variable Pre-RT Post-RT Pre-RT–Post-RT (!mean) p-value
Resting anal pressure (mm Hg) 104.0±61.0 82.2±41.1 21.8 0.001
Squeeze anal pressure (mm Hg) 181.5±82.5 142.8±57.6 38.7 < 0.001
Perception threshold volume (mL) 24.4±9.6 23.7±10.3 0.7 0.376
Urge to defecate volume (mL) 195.4±58.9 181.5±51.1 13.9 0.025
Anal canal length (cm) 3.6±0.6 3.6±0.6 0.0 0.411
IASP (mm Hg)a) 54.3±18.2 53.9±18.2 0.4 0.939
Resting EASP (mm Hg) 88.8±35.6 87.6±39.4 1.2 0.824
Maximum EASP (mm Hg) 198.2±90.4 194.1±83.7 4.1 0.619

Values are presented as mean±standard deviation. RT, radiotherapy; IASP, internal anal sphincter pressure; EASP, external
anal sphincter pressure. a)Evaluation was performed only in 38 patients due to missing values.
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defecate volumes was significantly reduced after RT
(p=0.025). The IASP and EASP were not significantly
changed according to the implementation of RT.

2. GI symptoms after RT

The median follow-up period was 60 months (range, 7 to
73 months). Fourteen patients (25.9%) showed late GI symp-
toms towards the end of RT (Table 3). Among them, sphinc-
ter control problems (including problems with subjective
sphincter control and management sphincter control, n=5),
and rectal urgency (n=5) were common late toxicities (Table
3). Grade " 2 late GI toxicities were present in nine patients
(16.7%). 

3. Correlation between late GI toxicities and anorectal
manometric findings 

Elevated pre-RT resting and squeezing ASP was associated
with the occurrence of late GI toxicities (p=0.039 and p=0.039,

respectively) (Table 4). The mean pre-RT resting and squeez-
ing ASP of patients who experienced late GI toxicities were
122.0 mm Hg (range, 26.0 to 234.0 mm Hg) and 206.2 mm Hg
(range, 55.0 to 352.0 mm Hg), respectively. In contrast, the
mean pre-RT resting and squeezing ASP of patients who did
not experience late GI toxicities were 97.8 mm Hg (range, 18.5
to 282.5 mm Hg) and 172.9 mm Hg (range, 53.5 to 407.0 mm
Hg), respectively. In addition, the pre-RT urge to defecate
volume tended to be associated with late GI toxicities
(p=0.051). Larger post-RT urge to defecate volumes were 
related to the occurrence of late GI toxicities (p=0.029) (Table
4). The mean post-RT urge to defecate volume of patients
with late toxicities was 202.9 mm Hg (range, 110.0 to 300.0
mm Hg). On the contrary, the mean post-RT urge to defecate
volume of patients without late toxicities was 174.0 mm Hg
(range, 100.0 to 300.0 mm Hg). However, the differences 
between pre-RT ARM findings and post-RT ARM findings
were not associated with late toxicities. Also, there was no
specific correlation between grade " 2 late GI toxicities and
ARM findings. 

Table 3. Gastrointestinal toxicities after radiotherapy

Symptom Acute toxicities (! 6 mo) Late toxicities (> 6 mo) Grade " 2 late toxicitiesa)

Rectal bleeding 1 (1.9) 5 (9.3) 4 (7.4)
Proctitis 1 (1.9) 1 (1.9) 0 (
Stool frequency 1 (1.9) 1 (1.9) 0 (
Sphincter control 5 (9.3) 5 (9.3) 3 (5.6)
Loose stools 1 (1.9) 1 (1.9) 1 (1.9)
Rectal urgency 3 (5.6) 5 (9.3) 3 (5.6)
Total patients 8 (14.8) 14 (25.9) 9 (16.7)

Values are presented as number (%). a)Using late radiation morbidity scoring schema reported by Gulliford et al. [13]. Multiple
checking of clinical symptoms was allowed in evaluation.

Table 4. Statistical correlations between late gastrointestinal toxicities (n=14) and anorectal manometric findings using
binary logistic regression

Variable
p-value

Pre-RT Post-RT Pre-RT–Post-RT
Resting anal pressure 0.039 0.826 0.795
Squeeze anal pressure 0.039 0.826 0.398
Perception threshold volume > 0.999 > 0.999 0.807
Urge to defecate volume 0.051 0.029 0.753
Mean anal canal length 0.728 0.164 0.505
IASPa) 0.937 0.221 0.614
Resting EASP 0.099 0.842 0.195
Maximum EASP 0.104 0.380 0.518

RT, radiotherapy; IASP, internal anal sphincter pressure; EASP, external anal sphincter pressure. a)Evaluation was performed
only in 38 patients due to missing values.
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There was no other clinical factors, except ARM findings,
that significantly affected late GI toxicities. The T stage 
(T1-T2 vs. T3-T4) has not revealed any significant difference
in the occurrence of late GI toxicity (p=0.202). Patients who
were given hormone therapy (n=19) did not show higher 
incidence of late toxicity (p=0.102). Both RT volume and RT
modality (3D-CRT vs. IMRT) were not significantly associ-
ated with higher rate of late toxicity (p=0.308 vs. p=0.739, 
respectively).

Discussion

Preventing a treatment-related complication is as impor-
tant as finding a cure for the disease. By using ARM, we were
able to assess functional changes related to RT and to predict
which patients are at risk for radiation-induced toxicities. 

The pathologic mechanism of RT-induced GI toxicities is
still unclear. RT induces fibrosis in the anorectal wall and
anal sphincter [14]. An increased amount of collagen in the
muscular layer of the rectum and internal anal sphincter is
reported to be associated with fecal incontinence [5]. 
Decreased sensitivity to rectal distension (urge to defecate
volume) was observed in patients with late GI toxicities in
accordance to the results of this study. Inflammation and 
fibrotic changes, as well as collagen deposition might have
occurred after irradiation, and it might be related to func-
tional and structural changes of anorectum. Incoordination
in sensory and motor response of anal sphincter, such as 
increased urge to defecate volumes, and may bring on
chronic rectal mucosa damage in the way of stool passage.
Altered neuronal structure or chemical mediators of inflam-
mation might also influence rectal sensitivity. The majority
of patients with late radiation proctitis showed anorectal 
sensory/motor dysfunction [14]. Further research is needed
to clarify the mechanism of RT-induced GI toxicities.

RT for prostate cancer can cause severe chronic anorectal
dysfunction, which is the result of a weakened anal sphincter
[15]. Our data also showed that anal pressure at rest and in
response to squeezing were reduced after RT. In addition,
the level of resting and squeezing anal pressure may be used
to predict which patients will experience late GI toxicities.
Urge to defecate volumes, which significantly reduced 
according to RT, were associated with abnormal clinical
symptoms after RT. In contrast to the previous study by Yeoh
et al. [5], the perception threshold was not significantly
changed after RT in our study. Patients with subclinical 
dysfunction before RT, such as the elevated ASP in this
study, are more vulnerable to late GI toxicities. Elevated ASP

could make it difficult to deal with the ordinary intraluminal
volumetric changes of anorectum, such as stool passage. 
Severe constipation, caused by elevated ASP, may evoke 
objective complications, such as perianal mucosal damage or
anal sphincter problems. Therefore, higher ASP may bring
on late GI toxicities. According to our data, elevated pre-RT
ASP appears to be predictive of late GI toxicities; it might be
able to be utilized for patient selection for RT. 

In our study, late GI toxicity was not significantly related
to the RT volume or to the modality used. However, the 
occurrence of GI toxicity is known to be related to the radia-
tion dose to the anorectal wall [7] and external anal sphincter.
Michalski et al. [8] reported that a large rectal volume (> 15%)
that receives more than 70 Gy was significantly associated
with grade " 2 rectal toxicity. Therefore, it seems to be 
reasonable to consider using an IMRT technique, which 
excludes the external anal sphincter and anorectal wall. Dosi-
metric consideration to rectal wall seems feasible to reduce
the risk of late GI toxicity. Krol et al. [16] argued that sparing
the structures related to fecal continence from irradiation is
crucial to reduce late GI dysfunction. In this regard, using a
hydrogel spacer between the prostate and rectum seems 
feasible to prevent a radiation-induced rectal toxicity by 
reducing the irradiation dose to the rectum. In patients 
predicted to have late GI toxicities based on pre-RT ARM,
placing spacers may be helpful to reduce late toxicity [16,17]. 

Our study has several limitations; as it is based on ARM
findings, it does not include an evaluation of anatomic
anorectal changes after RT. Different symptoms might orig-
inate from different anatomical structures that are damaged
by RT. Smeenk et al. [2] demonstrated that urgency and 
incontinence were associated with the dose of RT delivered
to both the anus and rectum, whereas frequency was associ-
ated with the dose of RT delivered to the anus. Separate
organ drawings (i.e., the anus) in an RT plan might be helpful
for anatomical evaluation. This study was designed to detect
intraindividual changes over time. Therefore, interindividual
variations, such as body mass index, age, or medical comor-
bidities could indirectly affect the ARM results [18]. In addi-
tion, our study results were based on a small number of
patients. Therefore, heterogenous composition of patients
may have influenced the results. Our study should be veri-
fied through large-scale prospective studies. Moreover, func-
tional changes may occur over time after RT. Further
long-term follow-up with ARM could provide valuable data
related to the time-course of functional changes.

Further large-scale cohort studies are warranted to under-
stand the mechanism of radiation-induced anorectal 
dysfunction. Recently introduced 3-dimensional high-defin-
ition ARM could provide a 3-dimensional pressure gradient
and topographical information. Electromyography and
nerve conduction tests or endoscopy might be useful to 



inspect structural damage [8]. A well-designed dosimetric
analysis of dose-volume parameters in the anorectum is
needed to provide a more precise mechanism. It was previ-
ously reported that a reduced rectal wall surface exposed to
radiation results in less mucosal changes and rectal toxicity
[19]. The quality of life after RT for prostate cancer is largely
affected by anorectal radiation toxicity, such as urgency or
frequency [7,20]. Therefore, question-based, patient-reported
quality of life analyses could contribute to understanding
toxicities.

Conclusion

RT caused symptomatic anorectal dysfunction. An 
increased anal pressure prior to RT and urge to defecate 
volume after RT was related to an occurrence of late GI 
toxicities. Application of ARM for screening patients who
have an elevated ASP prior to RT could be helpful in identi-
fying patients with an increased risk of late GI toxicities. 
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