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ABSTRACT

 › Aim 
Anorectal function may be affected in patients with large rectal adenomas. This study 

assessed the impact of adenoma resection by endoscopic mucosal resection (EMR) and 

transanal endoscopic microsurgery (TEM) on anorectal function. 

 › Method 
Patients with large (≥3 cm) rectal adenomas undergoing EMR or TEM were included. Self-

reported fecal incontinence was measured using the COREFO questionnaire and Wexner 

scale. Anorectal manometry was performed prior to and 6 months after treatment to 

assess anal resting (ARP) and squeeze pressure (SP), squeeze endurance (SE), rectoanal 

inhibitory reflex (RAIR), rectal distension-related sensation levels (first sense (FS), first 

urge (FU), maximum tolerable volume (MTV)) and rectal compliance (RC). 

 › Results 
Twenty-four patients were included (EMR:TEM 11:13, mean adenoma size 51 ± 19 mm, 

median distance ab ano 3 cm (IQR 1-10)). Follow-up data were available from 20 patients; 

1 patient died and 3 underwent total mesorectal excision. Incontinence for liquid stool 

and Wexner scores decreased significantly after treatment. In contrast, none of the 

measured parameters of anorectal motility (ARP, SP, SE, RAIR, RC) and perception (FS, FU, 

MTV) were affected by adenoma resection. No differences were found in baseline and 

follow-up incontinence and functional parameters between intervention groups, except 

for postprocedural ARP, which was lower after TEM than after EMR.

 › Conclusion 
Continence in patients with large rectal adenomas improved after adenoma resection 

by means of EMR or TEM, probably due to decreased rectal mucus production. Anal 

sphincter pressure, rectoanal reflexes, rectal sensation and compliance were not affected 

by adenoma resection.
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INTRODUCTION

Patients with large rectal adenomas often present with fecal urge, incontinence and soiling. 

It is well known that secretory (colo)rectal adenomas have an increased mucus production. 

This abnormal secretory function is attributed to increased levels of adenylate cyclase, cyclic 

adenosine monophosphate (cAMP) and prostaglandine E2 in the mucosa.1-3 Regardless of 

these mucosal mechanisms, it remains unknown whether adenoma-induced changes in 

rectoanal function also play a role in this bothersome symptomatology. Previous studies 

have hypothesized that (low) rectal tumours may cause decreased rectal wall elasticity and 

may impair the internal anal sphincter function and sphincter reflexes.4

The current treatment strategies in patients with large rectal adenomas include transanal 

endoscopic microsurgery (TEM) and piecemeal endoscopic mucosal resection (EMR). 

Whether surgical or endoscopic resection is more cost-effective, is currently investigated 

in a prospective randomized trial in the Netherlands.5 EMR is usually performed using 

a diagnostic gastroscope of 10 mm diameter. After submucosal lifting with a solution of 

saline, methylene blue and / or adrenaline 1:10.000, a piecemeal resection of the mucosa 

only is performed using a snare and electrocautery. The functional consequences of EMR 

in particular are largely unknown. Regardless the thin endoscope and the resection being 

limited to the submucosal level, mucosectomy can be performed in very large areas. 

Cicatrisation of large resection fields may thereby influence the rectal capacity. To our 

knowledge, no studies have been published on functional outcome after EMR.

TEM requires transanal insertion of a rectoscope of 40 mm diameter, which may be 

repositioned during the procedure. The rectal lesion is usually excised transmurally; lesions 

involving the anorectal junction are partially excised in the submucosal plane to preserve 

the internal anal sphincter and transmurally from the pelvic floor upwards. Depending 

upon the size of the lesion, the excision may extend as far as an entire circumferential 

resection. Procedures usually last around 100 minutes for large adenomas.6 Hypothetically, 

insertion and repositioning of the rectoscope may damage the internal anal sphincter, 

especially when sphincter relaxation is inadequate. Large resections may influence rectal 

capacity and rectal sensation. Few studies have addressed functional outcome after TEM, 

with varying subjects, methodology and outcome.4,7-11 A relevant but temporary effect on 

rectoanal function is described by some studies.4,8 Other studies have reported a preserved 

function after TEM.7,9-11 

The purpose of this study was to determine the impact of EMR and TEM on incontinence 

and anorectal function in a homogenous group of patients, strictly limited to those who 

underwent resection of histopathologically proven adenomas. 
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PATIENTS AND METHODS

Patients

For the current study, we recruited patients who were enrolled in an ongoing prospective 

randomized trial, comparing the cost-effectiveness of TEM and EMR for the resection of large 

adenomas (the so-called TREND-study). Patients were included if they presented with non-

pedunculated rectal adenomas with a diameter of ≥30 mm, of which the distal border was 

situated within 15 cm from the dentate line. Patients were excluded in case of suspected 

submucosal invasion, in case patients were medically unfit for surgery or if either resection 

technique was judged not feasible by the surgeon or gastroenterologist. Inclusion and exclusion 

criteria of the TREND study are described extensively elsewhere.5 All patients underwent 

flexible endoscopy to assess endoscopic characteristics suggesting malignant nature of the 

adenoma (such as Paris classification and Kudo pit pattern). Biopsies, if taken, did not show 

submucosal invasion. Endoscopic ultrasound (EUS) was performed in case of doubt about 

submucosal invasion. Although some surgeons routinely performed EUS preoperatively in 

patients who were allocated to undergo TEM, the anal sphincter was not routinely assessed. 

In the current study, for which additional informed consent was granted by participating 

patients, anorectal function was assessed prior to, and six months after the adenoma 

resection. If the resection specimen unexpectedly contained submucosally invasive cancer, 

patients were excluded from the TREND-study as well as from the current study. Data 

gathered from these patients prior to treatment were excluded from baseline analyses as 

well. Ethical approval was granted by the Institutional Review Board.

Self-reported incontinence

For the TREND-study, all patients completed several questionnaires assessing anorectal 

function at baseline, as well as at 2 weeks and 3, 6, 12 and 24 months following their 

treatment. A research nurse also contacted patients according to this follow-up schedule. 

Questionnaires included the Colorectal Functional Outcome (COREFO) questionnaire.12 Seven 

COREFO questions addressing (nightly) incontinence for solid or liquid stool as well as flatus 

and soiling were extracted and analyzed. Fecal incontinence was discussed and scored 

according to the Wexner Incontinence Grading Scale.13 The Wexner score contains 3 items 

about the type and frequency of incontinence (scored from 0 to 4) and items on pad usage 

and lifestyle alterations (both also scored from 0 to 4). The total score on this scale ranges 

from 0 (complete continence) to 20 (complete incontinence). Baseline and 6-month COREFO 

questionnaires and Wexner scores were used for the current study.

Rectoanal manometry

All manometric studies were performed by one and the same technician, using identical 

equipment in two of the centers participating in the TREND-study. Bowel preparation was 

not routinely used. Manometry was performed using a 12 Fr catheter with balloon (Medical 

Measurement Systems Corp. (MMS), Enschede, the Netherlands). The balloon (length 60 mm) 

was located 10 mm from the distal end of the catheter. The part of the catheter situated 

within the balloon contained 1 sidehole for balloon pressure measurement and 3 sideholes 
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for balloon inflation and deflation. Sixty mm distal to the balloon, the catheter contained 4 

circumferentially placed perfused sideholes for sphincter pressure measurement. The sideholes 

were perfused with degassed distilled water at 0.15 mL min-1, using a pneumohydraulic 

capillary perfusion pump and hydraulic flow restrictors (MMS, Enschede, the Netherlands). 

Data were recorded and analyzed on a MMS Solar GI System (MMS, Enschede, the Netherlands).

With the subjects lying in the left lateral position, the lubricated catheter was introduced 

into the rectum until the 4 circumferential sideholes were situated within the anal canal 

and reliable intrarectal and intra-anal pressures were found. The anal sphincter resting 

pressure (ARP) was recorded during 30 seconds. Squeeze pressure (SP) was measured by 

instructing subjects to squeeze the anus as tight as possible for 5 seconds on three different 

occasions. To assess squeeze endurance (SE), they were instructed to squeeze for as long 

as possible until sphincter pressure had decreased to baseline levels or until 30 seconds 

had passed. Next, subjects were asked to cough, perform a Valsalva manoeuvre and bear 

down as if to defecate, all on three occasions.

The rectoanal inhibitory reflex (RAIR) was evaluated simultaneously by sequentially inflating 

the rectal balloon with a hand-held syringe, starting with 10 mL, deflating and re-inflating, 

thereby increasing the volume with steps of 10 mL until 50 mL was reached. 

Rectal sensation was assessed using the balloon and a 50-mL syringe. The balloon was 

gradually inflated and subjects were instructed to report first sense (FS), first urge (FU) and 

maximal tolerable volume (MTV), with a maximum inflation of 300 mL. Rectal compliance 

(RC) was calculated from the MTV and corresponding rectal pressure. The balloon was finally 

deflated and the catheter was removed.

Interpretation of the data

The ARP was defined as the mean of anal sphincter pressures recorded intra-anally at rest. The 

maximum SP was defined as the difference between baseline pressure and the highest pressure 

that was recorded within the anal canal during the three squeeze manoeuvres. SE was defined 

as the longest time interval (in seconds) between the onset of increase in anal sphincter pressure 

and the return of the pressure curve to baseline values, with a maximum of 30 seconds.

Coughing and Valsalva manoeuvres cause an increase of intra-abdominal pressure and 

should activate a reflex increase of anal sphincter pressure. During each manoeuvre, the 

difference between baseline pressure and the highest intrarectal pressure, and the difference 

between the baseline and highest intra-anal pressure were measured. 

Bearing down normally causes an increase in the intrarectal pressure and a decrease in 

the anal sphincter pressure. Three attempts of bearing down were observed to identify 

the best relaxation resembling a normal pattern of defaecation. 

Statistical analysis

Self-reported incontinence was reported as proportions (COREFO questions) and mean ± standard 

deviation (Wexner score). Manometric data were expressed as mean ± standard deviation 

(SD) or median (interquartile range (IQR)). Bivariate correlation was assessed using Pearson’s 

or Spearman’s correlation coefficient for normally and skewed distributed data, respectively. 
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Measurements prior to and after the intervention were mutually compared using the paired 

t test. Statistical differences between patients undergoing EMR and TEM were analyzed by the 

χ2 test of independence for categorical data and the Student’s t-test or the Mann-Whitney U 

test for continuous data between groups. A p-value less than 0.05 was considered statistically 

significant. Calculations were made in SPSS statistics package for Windows, version 19.0.

RESULTS

Patients, lesions, treatment procedures and morbidity

We enrolled a total of 29 patients. Twelve patients (41%) were allocated to undergo EMR and 17 

patients (59%) were allocated to TEM. In one patient, conventional transanal excision was performed 

instead of TEM due to very distal localization of the adenoma. This patient was excluded from further 

analyses. In 4 patients (EMR: TEM ratio 1:3), an unexpected submucosally invasive adenocarcinoma 

was diagnosed in the resection specimen. They were also excluded from the study. 

Baseline data were analyzed from the remaining 24 patients; 8 (75%) were male and the 

mean age was 64 ± 9 years. Adenomas had a mean maximum diameter of 51 ± 19 mm, and 

their distal border was measured at a median distance of 3 cm from the anal verge (IQR 

1.1-9.8). Patient and lesion characteristics were statistically comparable (data not shown). 

Overall median procedure time was 56 minutes (IQR 40-90) and did not differ between 

TEM (median 55 (IQR 44-68)) and EMR (median 72 (IQR 35-95)) (p=.806). 

The peritoneal cavity was entered during 3 TEM procedures; 2 required conversion to 

laparoscopic total mesorectal excision (TME), 1 peritoneal defect could be sutured via the 

TEM rectoscope. Of patients undergoing EMR, 1 extremely large adenoma required 3 EMR 

sessions before complete removal was achieved. Six patients (EMR:TEM ratio 3:3) encountered 

complications within 30 days after treatment. Complications included 4 cases of rectal 

bleeding, 1 case of peritonitis which required TME and 1 case of postoperative gastroparesis 

after a converted TEM procedure. No 30-day mortality occurred; one patient with significant 

cardiovascular comorbidity died of cardiac arrest two months after the study procedure. 

Follow-up data were available from a total of 20/24 patients; the three patients who had 

undergone TME and the deceased patient were lost to follow-up. 

Self-reported incontinence

Prior to treatment, incontinence for solid stool, liquid stool, flatus and soiling were reported 

by 3 (13%), 9 (38%), 17 (71%) and 13 (54%) of patients on COREFO questionnaires. Twenty 

patients (83%) reported faecal incontinence of any kind. Mean Wexner score overall was 2.2 

± 3.4. Neither COREFO nor Wexner scores were associated with adenoma size or adenoma 

distance from the anus (data not shown). Six months after surgical or endoscopic resection 

of the adenoma, the number of patients reporting incontinence of any kind was 15 (75%). 

Incontinence for solid stool, liquid stool, flatus and soiling decreased to 1 (5%), 1 (5%), 13 

(65%) and 7 (35%). The decrease in incontinence for liquid stool was statistically significant 

(p=.013). Wexner scores decreased to 0.3 ± 0.8; this was statistically significant in comparison 

with baseline scores (p=.006). Self-reported incontinence did not differ statistically between 

intervention groups at baseline and postoperative assessment (data not shown). 
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Anal sphincter pressure

Baseline and postoperative ARP, SP and SE are represented in Figure 1 for the total study 

population. In paired analyses, baseline anal sphincter pressures (ARP 63 ± 17 mmHg, SP 114 ± 

58 mmHg, SE 25 seconds (IQR 10-30)) were not statistically different from postoperative values 

(ARP 58 ± 12 mmHg, SP 134 ± 83 mmHg, SE 28 seconds (IQR 12-30)). ARP and SP at 6 months 

follow-up correlated significantly with baseline values (ARP Pearson correlation coefficient 

(r) =.403, p=.009; SP r =.818, p=.001) (Figure 2). SE at 6 months follow-up did not correlate 

with baseline values (p=.856). Table 1 shows baseline and follow-up values of ARP, SP and 

SE per intervention group. ARP was significantly lower in patients who had undergone TEM 

(51 ± 12 mmHg) compared to patients who underwent EMR (63 ±9) (p=.023). However, the 

decrease in ARP was comparable between intervention groups (TEM 9 ± 14 mm Hg, EMR 1 ± 

15 mmHg, p=.239). Other anal sphincter parameters were comparable between both groups.

Coughing caused a normal contractile sphincter response in all but one patient at baseline 

as well as six months after the procedure (data not shown). A normal response to the 

Valsalva manoeuvre was seen in 18 patients (75%) at baseline; responses were similar among 

treatment groups (EMR 82%, TEM 69%, p=1.000). Six months after adenoma resection, a 

normal Valsalva response was observed in all patients. 

Figure 1. ARP (a), SP (b) and SE (c) values at baseline and 6 months postprocedurally (6m FU). Lines and error bars 
represent mean and SD; follow-up values were not significantly (NS) different from baseline values.

Figure 2. Correlation of baseline and postprocedural (6m FU) values of ARP (a) and SP (b), with linear regression 
plot and 95% confidence interval; (r) = Pearson correlation coefficient.
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Table 1. Baseline and postprocedural manometry results per intervention group.

baseline 6m FU

EMR
(n=11)

TEM
(n=13) p EMR

(n=10)
TEM
(n=8) p

ARP (mm Hg) ± SD 65 ± 19 66 ± 17 .894 63 ± 9 51 ± 12 .023

SP (mm Hg) ± SD 110 ± 57 135 ± 89 .441 108 ± 75 165 ± 85 .128

SE (s) (IQR) 28 (16-30) 21 (10-30) .648 21 (6-30) 30 (13-30) .656

SE >30 s (%) 5 (46) 6 (55) 1.00* 5 (46) 5 (56) 1.00*

* Fisher's Exact Test

Rectoanal reflexes

At baseline, bearing down induced a normal pattern of defecation in 10 patients (42%). 

The proportion of patients with a normal defecation pattern was similar among treatment 

groups (EMR 36%, TEM 46%, p=.697). Six months after resection of the adenoma, a normal 

defecation pattern was observed in 10 patients (50%). Proportions of patients with normal 

sphincter responses did not differ statistically between intervention groups.

Anal relaxation was induced by a rectal volume ≤50 mL in 19 patients (79%) prior to treatment 

(EMR 82%, TEM 77%, p=1.00). After treatment, a normal RAIR was present in 15/20 patients 

(75%); proportions of patients with normal sphincter relaxation were comparable among 

treatment groups (EMR 91%, TEM 56%, p=.127).

Rectal sensation

Threshold volumes at baseline for FS (78mL (IQR 41-110), FU (120 mL (IQR 99-181)) and MTV 

(220 mL (IQR 170-300)) are represented in Figure 3 for the total study population. Threshold 

volumes were not associated with adenoma size or distance from the anus (data not shown). 

In 4 patients, the MTV threshold was not reached after a maximum inflation of 300 mL of 

air. Baseline distension sensation levels were comparable among treatment groups (Table 2).

Table 2. Baseline and postprocedural rectal distension parameters per intervention group.

baseline 6m FU

EMR
(n=11)

TEM
(n=13) p EMR

(n=10)
TEM
(n=8) p

Median FS (IQR) 70 
(45-110)

80 
(30-135) .931 100 

(30-120)
45 
(28-103)** .710

Median FU (IQR) 110 
(110-155)

120 
(93-213) .748 120 

(85 -190)**
90 
(63-140)** .261

Median MTV (IQR) 200 
(170-300)*

260 
(170-300)* .727 230 

(180-300)**
220
(128-243)** .331

* MTV was >300 mL in 4 patients (EMR:TEM ratio 2:2) 
** FS was >300 mL in 1 TEM patient, FU was >300 mL in 2 patients (EMR:TEM ratio 1:1) and MTV was >300 mL in 3 
patients (EMR:TEM ratio 2:1)
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Threshold volumes after 6 months for FS (50 mL (IQR 30-120)), FU (105 mL (IQR 77-159)) 

and MTV (225 mL (IQR 161-275)) are also represented in Figure 3. In one patient, FS, FU 

and MTV thresholds were not reached after inflating 300 mL of air. In two other patients, 

thresholds of FU and MTV and MTV only were beyond 300 mL, respectively.

Rectal distension sensation levels after 6 months did not differ statistically from baseline 

levels (data not shown). However, there was a significant correlation between baseline and 

postprocedural threshold volumes for FS (r=.737, p=.009) and FU (r= .654, p=.022). MTV at 

baseline and 6 months follow-up did not correlate (p=.136) (Figure 4). Finally, postprocedural 

distension sensation levels did not differ statistically between treatment groups (Table 2).

Figure 3. Threshold volumes for FS (a), FU (b) and MTV (c) at baseline and 6 months postprocedurally (6m FU). 
Lines and error bars represent median and interquartile range. Postprocedural threshold volumes were not 
significantly (NS) different from baseline volumes. 

 

Figure 4. Correlation of baseline and postprocedural (6m FU) threshold volumes for FS, FU and MTV, with linear 
regression plot and 95% confidence interval; (r) = Pearson correlation coefficient; follow-up values of FS and FU 
correlated significantly with baseline threshold volumes. 

Compliance

Mean rectal compliance at baseline was 7.0 ± 2.8 mL/mmHg and similar among treatment groups 

(EMR 6.4 ± 2.4; TEM 7.6 ± 3.0; p=.310). After six months, compliance had decreased to 5.6 ± 2.5 ml/

mmHg, although this difference was not statistically significant (p=.060). Postprocedural compliance 

was again comparable between EMR and TEM patients (EMR 6.2 ± 2.6; TEM 4.9 ± 2.3; p=.233).
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DISCUSSION
The most remarkable observation made in this study is that both EMR and TEM have very 

limited impact on anorectal function, even when carried out for the removal of large-sized 

rectal adenomas. With regard to TEM, internal anal sphincter damage has been a concern 

because of the dimensions of the rectoscope or unintentional excision of the internal 

sphincter in distal adenomas. In our patients, consequent sphincter dysfunction would 

have been reflected by decreased anal resting pressures.14 However, overall postprocedural 

resting pressure was not statistically different from baseline values. We did find that anal 

resting pressure after TEM was significantly lower than after EMR. Nevertheless, the decrease 

in ARP was comparable between both intervention groups. In addition, the proportion of 

patients with faecal incontinence was not higher in the TEM group at six months follow-

up. Given the similar functional outcomes in both intervention groups, the reduction of 

ARP in the TEM group should be considered clinically irrelevant. Since endoanal ultrasound 

was not performed in this study, sphincter damage could not be confirmed. The external 

anal sphincter is largely responsible for preserved continence during abrupt increases of 

intra-abdominal pressure.14-16 It is unlikely to be affected by either EMR or TEM. Likewise, 

in our study, postprocedural squeeze pressures were comparable to baseline values. In 

addition, coughing provoked normal sphincter responses in approximately 90% of our 

patients at baseline and after the procedure.

Despite the relatively large size of resected adenomas, rectal distension sensation levels 

and rectal compliance were not significantly altered after treatment. In some patients the 

actual values of MTV, FU and even FS could not be measured because these sensations were 

not reached by inflating the maximum of 300 mL of air. Consequently, true interquartile 

ranges of these values may differ from the currently reported ranges.

In our study, 83% of patients with large rectal adenomas reported incontinence or soiling 

of any kind. No prior studies have explicitly assessed whether rectoanal function is altered 

by the presence of rectal adenomas. In 1993, Jorge and Wexner classified rectal neoplasms 

among diseases causing inadequate reservoir capacity or compliance in the differential 

diagnosis of faecal incontinence.13 Some studies have speculated that low rectal neoplasms 

may cause impairment of the internal anal sphincter and inhibition of sphincter function.4 

However, in our study, there was no correlation between adenoma size or distance from 

the anus and self-reported incontinence or rectal distension sensation parameters.

When comparing the pre-treatment manometric findings in our patients with published 

observations in healthy adults we found that sphincter pressures and compliance 

seemed similar.17 It is well known however that normal values of anorectal manometry 

are influenced by technique, age and gender.18,19 Additional possible factors influencing 

functional parameters such as complicated childbirth were not routinely assessed in our 

study. Moreover, there is no uniform technique or equipment for performing manometry. 

Therefore, the reliability of comparing our data with prior published results on healthy 

adults is questionable. Incontinence in patients with rectal adenomas is probably best 

explained by the increased mucus production of the adenoma in combination with 

alteration of defecation consistency and frequency. 
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We found significant correlations between baseline and follow-up values of ARP and 

SP and threshold volumes for FS and FU. This suggests that rectoanal function following 

treatment may be predicted by functional parameters prior to treatment. Nevertheless, in 

our study both baseline and follow-up functional assessments were largely normal. More 

importantly, resecting the adenoma reduced the majority of existing functional complaints. 

The clinical reduction of liquid stool incontinence was even statistically significant.

Our results were largely in concordance with prior studies, in which the functional 

consequences of TEM were reported as irrelevant.7,9-11 Other studies have reported a temporary, 

yet relevant effect of TEM. Kreis and colleagues have shown a temporary decrease in anal 

squeeze pressure and rectoanal inhibitory reflex, as well as a persistent reduction in rectal 

perception and compliance.8 Herman and colleagues have described postoperative internal 

anal sphincter defects in 29% of patients following TEM, with a consequent decrease in 

anal resting and squeeze pressures. They also reported that resections exceeding 50% 

of the rectal circumference and full thickness excisions significantly affected rectoanal 

coordination (rectoanal inhibition reflex and sphincter reflex contactions) as well as rectal 

sensation and compliance. The majority of functional parameters normalized after 6 months 

following TEM.4 As we did not assess short-term anorectal function, such temporary effects 

could not be verified in our patients. However, the 6-month interval in our study may be 

an indication of long-term outcome. 

With the exception of anal resting pressure, we did not find any differences in postprocedural 

functional parameters between patients who had undergone EMR and TEM. This is an 

important piece of information in our current effort to compare the cost-effectiveness 

and safety of both treatment strategies.5 Moreover, this is the first available evidence on 

the functional consequences of EMR. 

A relative short-coming of our study is the low number of included patients. Since the 

results of anorectal manometry are dependent on technique and equipment and since we 

wished to maximize homogeneity, all manometric studies were performed by one single 

technician using identical equipment in two of the centers participating in the TREND 

study. Consequently, we were only able to include patients residing in the geographical 

area of those two centers. 

Our study has provided reassuring information on rectoanal function in patients with large 

adenomas before and after treatment. In multidisciplinary tailored decision making for 

patients with large rectal adenomas, not only information on the safety and effectiveness 

of available treatment strategies is needed, but also data on anorectal function are of 

major importance. We have shown that both EMR and TEM are justified treatments with 

respect to anorectal functional outcome. 
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