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Abstract
Aim: This study aims to investigate the association of patient age with defecation 
disorders and anal function after lower rectal cancer surgery.
Methods: We retrospectively reviewed the data of 141 consecutive patients with 
lower rectal cancer who underwent sphincter- preserving operation. The patients 
were classified into five categories by age thresholds at 65, 70, 75, 80, and 85 years, 
for disaggregate analysis. Anal manometry was used for measuring the maximum 
resting pressure, high- pressure zone, and maximum squeeze pressure. Anal manom-
etry was performed preoperatively and at 3, 6, 9, and 12 months postoperatively. The 
Wexner and low anterior resection syndrome scores were assessed at 1, 3, 6, 9, and 
12 months after rectal surgery or stoma closure for patients with ileostomy.
Results: The data of 117 patients were reviewed. No significant differences were 
found between the younger and elderly groups in any characteristics across the 
six age groups. The preoperative intra- anal pressures of the elderly patients were 
slightly lower than those of the younger patients; however, there was no significant 
difference in the course of postoperative intra- anal pressures. Defecation disorder, 
as measured by the Wexner and low anterior resection syndrome scores, improved 
significantly in elderly patients compared to younger patients.
Conclusion: There was no significant difference in the course of postoperative intra- 
anal pressures between the elderly and younger patients. However, defecation dis-
orders in elderly patients significantly improved compared with younger patients. 
Sphincter- preserving operation can be a viable treatment option for active elderly 
patients.
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1  | INTRODUC TION

Colorectal cancer is the most common cancer in Japan, and ap-
proximately 44 000 cases of cancer of the rectosigmoid and 
rectum are diagnosed annually.1 In 2015, the national cancer cen-
ter report in Japan showed that rectal cancer generally appears 
around the age of 40 years, and the number of patients with this 
type of cancer increases with advancing age.1 The surgical pro-
cedure for rectal cancer is determined primarily based on the 
radical nature of the cancer and the safety of the operation, with 
preservation of quality of life (QoL) being an additional import-
ant consideration. Whether to preserve the anus is an important 
issue that greatly influences QoL, because most patients prefer 
anal preservation. Thus, sphincter- preserving operation (SPO) for 
lower rectal cancer, such as low anterior resection (LAR) and inter-
sphincter resection (ISR), are gaining popularity, and the number 
of patients who have undergone SPO is increasing.2- 4 However, 
approximately 90% of patients experience defecation disorders 
after SPO.5,6 This is termed LAR syndrome (LARS), and it nega-
tively impacts the postoperative QoL.5- 8

Although the intra- anal pressure after SPO decreases from 
damage to the anal sphincter or levator ani muscles,9 intra- anal 
pressure in the elderly is generally lower than that in young pa-
tients because the strength of the external and internal sphinc-
ter muscles decreases with age.10,11 Although there are reports 
suggesting an association between intra- anal pressure and LARS, 
there is little clear evidence to support this.12 Due to the percep-
tion that the intra- anal pressure is generally low in the elderly, it is 
commonly believed that elderly patients may develop severe LARS 
after SPO. However, we had the opposite hypothesis in our daily 
practice, in other words, a clinical question arises about whether 
postoperative defecation dysfunction might be milder in elderly 
patients.

SPO indication is based on tumor location and depth; however, 
the influence of factors such as age, intra- anal pressure, and post-
operative defecation disorders is unclear. To date, there have been 
few longitudinal studies investigating defecation disorders and anal 
function after surgery for lower rectal cancer in elderly patients. 
Furthermore, the advantages and disadvantages of SPO for lower 
rectal cancer in the elderly are not clear; clarification regarding these 
factors may have significant impact on the choice of surgical proce-
dure. Therefore, this study aimed to explore the association of pa-
tient age with defecation disorders and anal function after surgery 
for lower rectal cancer.

2  | METHODS

2.1 | Patients

Data of all participants with lower rectal cancer (within 10 cm from 
the anal verge) who underwent rectal surgery at Sapporo Medical 
University, Department of Surgery, Surgical Oncology and Science 

between January 2016 and December 2018 were retrospectively 
reviewed (Figure 1). The number of patients with lower rectal can-
cer within the study period was 173. We identified 141 consecutive 
patients who underwent SPO (LAR or ISR) for lower rectal cancer 
based on their operative records. Twenty- eight patients underwent 
abdominoperineal resection oncologically, and four patients with 
performance status (PS) Grade 2 underwent Hartmann's operation. 
We excluded 11 patients who had not undergone stoma closure due 
to recurrence or death (n = 10), or due to patient preference (n = 1); 
therefore, 130 patients were included in total. Of these, some pa-
tients had moved (n = 3) or faced difficulty in traveling to the hospi-
tal due to work or complications (n = 10). Finally, 117 patients were 
included in the study. To investigate whether there is an age inflec-
tion point for LARS, we performed a disaggregate analysis by strati-
fying the patients into six groups according to their age: <65 years, 
65- 69 years, 70- 74 years, 75- 79 years, 80- 84 years, and >85 years. 
There was no minimum or maximum age for enrollment in this study.

PS was evaluated according to Eastern Cooperative Oncology 
Group (ECOG) score prior to surgery. The ECOG- PS classifies pa-
tients into different grades, which are as follows: Grade 0, asymp-
tomatic (fully active, able to perform all pre- disease activities without 
restriction); Grade 1, symptomatic but completely ambulatory (re-
stricted in performing physically strenuous activity but ambulatory 
and able to carry out work that is light or sedentary in nature, such 
as light housework, office work); and Grade 2, symptomatic, in bed 
for <50% of waking hours (ambulatory and capable of all self- care 
activities but unable to carry out any work activities; up and about in 
>50% of waking hours).13

This retrospective study was approved by the ethics committee 
of Sapporo Medical University (IRB number 312- 130). The require-
ment for informed consent was waived due to the retrospective na-
ture of this study, and we used an opt- out approach (https://sapme 
d- surg1.jp/gaira i/optou t/).

2.2 | Anal manometry

Analysis of anal manometry was performed using three measures. 
The maximum resting pressure (MRP), measured in mm Hg, is con-
sidered the main indicator of internal sphincter muscle pressure. The 
length of the high- pressure zone (HPZ), measured in millimeters, is 
interpreted as the internal sphincter muscle length. The maximum 
squeeze pressure (MSP), measured in mm Hg, is interpreted as the 
main indicator of external sphincter muscle pressure.14 There is cur-
rently little data on the reference value of intra- anal pressures.15 
Based on the data from our department, the standard values for 
intra- anal pressures were as follows (mean ± SD): MRP, 54.8 ± 20.7 
(mm Hg); HPZ, 41.0 ± 8.0 (mm); MSP, 187.9 ± 84.0 (mm Hg). Anal ma-
nometry was performed to record all three measures preoperatively 
and at 3, 6, 9, and 12 months postoperatively using an 8- channel anal 
manometry system (gmms4000 system; Star Medical) on an outpa-
tient basis to investigate the relationship between age and postop-
erative defecation disorders.

https://sapmed-surg1.jp/gairai/optout/
https://sapmed-surg1.jp/gairai/optout/
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2.3 | Questionnaire

We used the Wexner score16 to evaluate fecal incontinence, which 
is the most frequently used tool in previous LARS reports. Five fre-
quency levels (never, rarely, sometimes, usually, and always) were 
used to assess solid incontinence, liquid incontinence, gas inconti-
nence, pad wearing, and lifestyle alteration. A total score of zero in-
dicated no incontinence and 20 indicated most severe incontinence. 
Patients completed these questionnaires at 1, 3, 6, 9, and 12 months 
after rectal surgery and those with ileostomy completed these after 
stoma closure.

The combination of symptoms (i.e. increased bowel frequency, 
fecal incontinence, evacuatory dysfunction and urge, high frequency 

of bowel movement, clustering, incomplete evacuation, and diar-
rhea) that occur after SPO is referred to as LARS.5,17 The LARS score 
measures the severity of postoperative defecation disorders and has 
been proven to correlate well with QoL.17,18 The LARS score was 
evaluated by a quick, simple, self- administered questionnaire that 
objectively measured symptoms in patients who undergo SPO.19 
The questionnaire comprised the following five questions: (a) Do you 
ever have occasions when you cannot control your flatus (wind)?; 
(b) Do you ever have any accidental leakage of liquid stool?; (c) How 
often do you open your bowels?; (d) Do you ever have to open your 
bowels again within 1 hour of the last bowel opening?; and (e) Do 
you ever have such a strong urge to open your bowels that you have 
to rush to the toilet?17 A higher score indicated a worse degree of 

F I G U R E  1   Study flowchart. Among 141 consecutive patients who underwent SPO for lower rectal cancer, 117 are included in this study. 
The patients were classified into six groups according to the following age thresholds: <65, 65- 69, 70- 74, 75- 79, 80- 84, and >85 years. SPO, 
sphincter- preserving operation
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LARS; for example, a total score of 42 indicated most severe LARS. 
We used the Japanese version of the LARS score in this study 
(https://sapme d- surg1.jp/team/team0 1b/).5 Similar to the Wexner 
score, patients completed these questionnaires at 1, 3, 6, 9, and 
12 months after rectal surgery or after stoma closure for patients 
with ileostomy. All the questionnaires were completed and collected 
at the outpatient clinic.

2.4 | Statistical analysis

Fisher's exact test was used to analyze categorical variables, includ-
ing sex and type of surgery. The student- t test was used to analyze 
continuous variables, such as body mass index (BMI) and distance 
to anastomosis from the anal verge. Repeated measures analysis of 
variance (ANOVA) (Greenhouse- Geisser correction) and a post- hoc 
Dunnett's multiple comparison test were used to analyze continuous 
variables, such as the intra- anal pressures, the Wexner scores, and 
LARS scores.

All P- values were two sided, and P- values ≤.05 were considered 
statistically significant. All statistical analyses were performed using 
EZR (Saitama Medical Center, Jichi Medical University, Saitama, 
Japan),20 a graphical user interface for R (The R Foundation for 
Statistical Computing). More precisely, it is a modified version of the 
R commander designed to add statistical functions frequently used 
in biostatistics.

3  | RESULTS

For patients whose follow- up was interrupted due to moving or 
difficulty in traveling to the hospital after SPO (total n = 13), the 
questionnaire could not be administered continuously. Therefore, 
the response rate of the questionnaire was 117/130 (90%) (Figure 1). 
Table 1 shows the baseline and perioperative characteristics of 
patients who underwent rectal cancer surgery. No significant dif-
ferences were found between the six groups in most of the char-
acteristics, including sex (P = .95), BMI (P = .50), ECOG- PS grade 
(P = .83), tumor location (P = .13), T- stage (P = .54), receipt of neo-
adjuvant therapy (P = .76), type of surgery (P = .16), and whether 
transanal total mesorectal excision (P = .06) or lateral lymph node 
dissection (P = .83) was performed. There were also no significant 
differences between the distance to anastomosis from the anal 
verge (P = .25) and the duration until ileostomy closure (P = .89) be-
tween the six groups. There were no cases of temporary diverting 
stoma in the >85 years group, and there was a significant difference 
between the six groups (P = .02). In the other five groups, a tempo-
rary diverting stoma was made in approximately 80%- 90% of cases 
(Table S1).

Trends in preoperative and postoperative intra- anal pressures 
are shown in Figure 2. There was no significant difference between 
the six groups with respect to the MRP, HPZ, and MSP (MRP; P = .39, 

HPZ; P = .82, MSP; P = .34). Preoperative and postoperative intra- 
anal pressures in all groups are listed in Table S2. Except for MSP in 
the >85 years group, all other groups showed a significant decrease 
in intra- anal pressures at 3 months postoperatively compared to the 
corresponding preoperative values. Subsequently, the intra- anal 
pressures were found to recover over time (Table S2).

The Wexner and LARS scores were measured at 1, 3, 6, 9, 
and 12 months after SPO or after stoma closure for patients with 

TA B L E  1   Baseline and perioperative characteristics of all eligible 
patients with lower rectal cancer

Characteristics
Eligible patients
N = 117

Sex

Male 69 (59%)

Female 48 (41%)

BMI (kg/m2)a 23.3 ± 3.9

ECOG- PS Grade

0 106 (91%)

1 11 (9%)

Tumor location

Ra 44 (37%)

Rb 73 (63%)

T- stage

T1 15 (13%)

T2 23 (20%)

T3 73 (62%)

T4 6 (5%)

Neoadjuvant therapy

No 62 (53%)

NAC 54 (46%)

CRT 1 (1%)

Type of surgery

LAR 64 (55%)

ISR 53 (45%)

Approach

Laparoscopic approach only 56 (48%)

Transanal approach 61 (52%)

LLND 25 (20%)

Distance to anastomosis from AV (cm)a 4.0 ± 1.6

Temporary diverting stoma 96 (82%)

The period until stoma closure (months)a 6.7 ± 3.7

Note: Data are presented as n (%) unless otherwise stated.
Abbreviations: AV, anal verge; BMI, body mass index; CRT, chemo- 
radiation therapy; ECOG- PS, Eastern Cooperative Oncology Group- 
Performance status; ISR, intersphincteric resection; LAR, lower anterior 
resection; LLND, lateral lymph node dissection; NAC, neoadjuvant 
chemotherapy; TaTME, transanal total mesorectal excision.
aData are presented as average ± SD.

https://sapmed-surg1.jp/team/team01b/
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ileostomy. In particular, the elderly group (75- 79 years, 80- 84 years, 
and ≥85 years) had a greater postoperative improvement in the 
LARS score than the younger group (Figure 3). A post- hoc Dunnett's 
multiple comparison test revealed that there was a group with sig-
nificant improvement at already 6 months postoperatively when 
1 month postoperatively was used as a control. Both the Wexner 
and the LARS score showed a significant improvement in most age 
groups at 12 months postoperatively when using 1 month postoper-
atively as a control (Figure 4).

4  | DISCUSSION

We made two important clinical observations in this study. First, the 
intra- anal pressures of the elderly patients were slightly lower than 
those of the younger patients; however, there was no significant 

difference in the postoperative course of intra- anal pressures. 
Second, defecation disorder, as measured by the Wexner and LARS 
scores, improved to a significantly greater extent in elderly patients 
than in younger patients. Due to the perception that the intra- anal 
pressure is generally low in the elderly,10,11 it is commonly believed 
that elderly patients may develop severe LARS after SPO. However, 
we had the opposite hypothesis in our daily practice and the results 
of this study showed that our hypothesis was correct.

It is generally assumed that intra- anal pressure tends to be 
lower in elderly patients than in younger patients10,11; this was 
also observed with respect to preoperative MRP, HPZ, and MSP, 
which were interpreted as the main indicators of internal or exter-
nal sphincter muscle pressure in this study. However, no previous 
study has assessed the relationship between intra- anal pressure 
and age in patients undergoing lower rectal cancer surgery. SPO, 
especially ISR, involves the removal of the internal anal sphincter 

F I G U R E  2   Analysis of changes over 
the time of intra- anal pressure in the six 
groups. There was no difference in the 
postoperative time course between the 
six groups, as revealed by the repeated 
measures analysis of variance. MRP, 
maximum resting pressure; HPZ, high- 
pressure zone; MSP, maximum squeeze 
pressure
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muscle, which has a significant impact on postoperative MRP 
being interpreted as the main indicator of internal sphincter mus-
cle pressure. All intra- anal pressures, including MRP and HPZ pre-
operatively, which differed between elderly and younger patients, 
were severely damaged by the SPO and no longer differed accord-
ing to age. An important finding of this study is that the preop-
erative intra- anal pressures of the elderly patients were slightly 
lower than those of the younger patients; however, there was no 
significant difference in the postoperative course of intra- anal 
pressures. If the intra- anal pressures were comparable between 
the younger and elderly patients, however, the question arises as 
to why the LARS scores improved significantly among the elderly 
group.

Kupsch et al have reported that age was inversely associ-
ated with LARS, such that younger patients are more likely to be 

negatively affected.21 There are several potential reasons why LARS 
scores improved significantly among elderly patients but not in 
younger patients in our study. Preoperative MRP and HPZ tended 
to be lower in the elderly group but were similar in all six groups 
postoperatively. Regardless of the preoperative intra- anal pressures, 
the postoperative intra- anal pressures decreased to about the same 
level in all age groups from the results of this study. Moreover, post-
operative defecation dysfunction is related to anorectal/pelvic floor 
dysfunction,22 reservoir function of the neorectum,7 and increased 
bowel peristalsis,23 and we consider that it cannot be explained by 
intra- anal pressures alone. Conversely, gastrointestinal dysfunction, 
which is associated with aging, reduces urgency and bowel fre-
quency in elderly patients and may result in a lower LARS score.24 
We considered that although anal sphincter function is an important 
factor in fecal incontinence, the strength of peristalsis, number of 
bowel movements, and nature of the feces may also be factors that 
influence fecal incontinence, resulting in lower LARS and Wexner 
score. The fact that the intra- anal pressure decreased in both groups 
after SPO surgery is considered to have a more significant effect on 
LARS in the early postoperative period, rather than the increase or 
decrease of bowel peristalsis. Notably, when the intra- anal pressure 
recovered over time, the original difference in bowel peristalsis be-
came more noticeable.

Our results show that it is important to actively decide to per-
form SPO, even in elderly patients, to achieve postoperative pa-
tient satisfaction. However, since severe LARS frequently occurs at 
3- 6 months postoperatively, even in the elderly, due consideration 
must be made to offer SPO to patients with a good PS (able to go to 
the bathroom quickly, sometimes 3- 4 times an hour and nearly 10 
times a day).

This study had three main limitations. First, the sample size was 
small, especially with respect to the number of elderly patients; con-
sequently, this might have weakened the statistical power of the 
study. Second, this study was conducted on patients with ECOG PS 
Grade 0- 1 (those who were in good general condition). The results 
of SPO in patients with ECOG PS Grade 2 or higher were not eluci-
dated. We believe that further prospective studies are needed to 
accumulate more cases and verify our findings. Third, whether the 
patients had preoperative fecal incontinence or defecation disorder 
was not evaluated in this study. However, we considered that the 
preoperative Wexner and LARS scores are not necessarily an ac-
curate reflection of the patient's preoperative defecation function 
because patients with lower rectal cancer often experience fecal 
disorder due to the presence of a tumor, and this is not reflective of 
the patient's true bowel habits.

In conclusion, there was no significant difference in the post-
operative course of intra- anal pressures between the elderly and 
younger patients; however, defecation disorders in elderly pa-
tients significantly improved after surgery compared with younger 
patients. These findings may help determine the optimal surgical 
procedure for lower rectal cancer in elderly patients. SPO can be a 
viable treatment option for active elderly patients.

F I G U R E  3   Analysis of changes over the time of Wexner and 
LARS scores in the six groups. The Wexner score and LARS score 
are measured at 1, 3, 6, 9, and 12 months after rectal surgery or 
stoma closure for patients with ileostomy. In all six groups, both 
the Wexner and LARS scores improved over time. Moreover, both 
scores were significantly more improved over time in the elderly 
group than in the younger group, as revealed by the repeated 
measures analysis of variance. LARS, low anterior resection 
syndrome
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