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Simple Summary: The present narrative review aims to give an overview about the causes and
the management of low anterior resection syndrome, a common postoperative functional disorder
following rectal resection.

Abstract: Introduction: A total of 60–80% of patients undergoing rectal resection (mostly as a treat-
ment for rectal cancer) suffer from a variety of partly severe functional problems despite preservation
of the anal sphincter. These patients are summarized under the term low anterior resection syn-
drome (LARS). Preoperative radiotherapy, vascular dissection and surgical excision of the low rectum
and mesorectum lead, alone or all together, to a significant impairment of colonic and (neo-) rectal
motility. This results in a variety of symptoms (multiple defecation episodes, recurrent episodes
of urge, clustering, incontinence, etc.) which are associated with severe impairment of quality of
life (QOL). Methods: This narrative review summarizes the present state of knowledge regarding
the pathophysiology of LARS as well as the evidence for the available treatment options to control
the symptoms resulting from this condition. Results: A review of the literature (Medline, Pubmed)
reveals a variety of treatment options available to control symptoms of LARS. Medical therapy, with
or without dietary modification, shows only a modest effect. Pelvic floor rehabilitation consisting of
muscle exercise techniques as well as biofeedback training has been associated with improvement
in LARS scores and incontinence, albeit with limited scientific evidence. Transanal irrigation (TAI)
has gained interest as a treatment modality for patients with LARS due to an increasing number of
promising data from recently published studies. Despite this promising observation, open questions
about still-unclear issues of TAI remain under debate. Neuromodulation has been applied in LARS
only in a few studies with small numbers of patients and partly conflicting results. Conclusion: LARS
is a frequent problem after sphincter-preserving rectal surgery and leads to a marked impairment of
QOL. Due to the large number of patients suffering from this condition, mandatory identification,
as well as treatment of affected patients, must be considered during surgical as well as oncological
follow-up. The use of a standardized treatment algorithm will lead to sufficient control of symptoms
and a high probability of a marked improvement in QOL.

Keywords: rectal resection; low anterior resection syndrome; transanal irrigation

1. Introduction

Following the change in surgical strategy in the treatment of rectal cancer, from ab-
dominoperineal resection (APR) with the formation of a permanent colostomy to sphincter-
preserving modalities (such as low anterior resection (LAR), ultralow rectal resection or even
intersphincteric resection with coloanal anastomosis), the majority of patients eligible for
radical surgery undergo a procedure leading to the preservation of the anal sphincter [1,2].

In addition to this development, multidisciplinary management introducing multi-
modal oncologic therapy approaches has led to a significant improvement in the prognosis
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for rectal cancer patients [3,4]. Due to screening programs (leading to earlier detection) as
well as the above-mentioned progress in multimodal therapy, more and more patients do
not only experience long-term survival, but also negative consequences associated with
their individual treatment [5–7].

In this context, functional disorders summarized under the term “low anterior resec-
tion syndrome” (LARS) have gained increasing awareness among caretakers dealing with
the treatment of rectal cancer patients in the recent past [8–11].

The following review offers an overview of the presently available evidence regarding
the causes and management of LARS.

2. Methods

A narrative review based on literature research in Medline and Pubmed under the
term “LARS” or “low anterior resection syndrome”.

2.1. Etiology of LARS

Pathophysiological pathways leading to the creation of LARS are not yet completely
understood and remain partly unclear [12–15]. Due to the variety of symptoms associated
with this condition, different etiologic factors might be responsible for its development [12,13]
(Table 1).

Table 1. Possible risk factors for LARS.

Resection line (low rectum > mid or upper rectum)

Neoadjuvant therapy (radiation > no radiation)

Type of anastomosis (straight coloanal > pouch)

Protective ileostomy > no ileostomy

High ligation > ligation of superior rectal artery

Anal continence is an interaction of various factors including anal sphincter function,
anorectal sensation, an intact reservoir function of the ampulla recti (so-called rectal com-
pliance), stool consistency and an appropriate emptying process during defecation [14].
Due to this complex situation, every aspect of the treatment of rectal cancer can lead per se
or in combination to an impairment of the physiologic function of the anorectum.

Standardized radical surgical treatment of middle and low rectal cancer using LAR
with total mesorectal excision (TME) will cause a loss of the reservoir function, including
a reduction in storing as well as a markedly disturbed evacuation, thus leading to a
significant impairment of rectal compliance [16]. This situation is associated with an
increase in false (unproductive) urge to defecate and is in strong correlation with the height
of the anastomosis [17]. Karanijia and coworkers described, in a recent study performed on
232 patients, a worsened ampullary function with a decreasing distance of the anastomosis
from the anal verge [18]. In accordance with their findings, a remaining rectum ≥4 cm in
length was associated with significantly better functional outcomes (rectoanal inhibitory
reflex, rectal capacity) compared to patients who had less than 4 cm of rectum left [19].

Since ultralow resection is sometimes unavoidable, several surgical efforts to restore
reservoir function have been advocated in the past, including the formation of colonic
pouches (“neoampulla”), side-to-end anastomosis or coloplasties [16]. Although published
data indicate a functional (though not consistent) improvement in the first postoperative
period, other publications show a loss of this benefit in the longer follow-up [16].

In addition to the loss of capacity of the rectal ampulla following rectal resection,
additional pathways affecting colonic motility have been repeatedly described and seem
to have an effect on the development of LARS [20–23]. Special emphasis has been placed
on the impact of the so-called “rectosigmoid brake” [21–23]. For decades, many authors
have postulated that sigmoid motility plays an essential role in delaying rectal filling, thus
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working as an additional “functional sphincter” to support continence function [24]. Using
high-resolution colonic manometry, Dinning and others were able to show that the cyclic
motor patterns (CMPs) were active in propagating into a mainly retrograde direction and
increasingly postprandial [21,25]. There was scientific evidence that most of these CMPs
originated in the rectosigmoid area, thus limiting rectal filling [25].

Therefore, it is more than plausible that surgical excision of the rectosigmoid colon
and the effect on colonic motility could serve as an additional explanation for some of the
symptoms commonly seen in LARS.

Furthermore, denervation of the parasympathetic and sympathetic nervous system
has been demonstrated to lead to colonic hyperactivity and negative effects on rectal
evacuation. In particular, “high ligation” at the origin of the inferior mesenteric artery
seems to lead to the denervation of sympathetic nerve fibers. Koda et al. performed
intraluminal pressure measurement and transit studies in a cohort of 67 patients who had
undergone LAR [26,27]. When they compared a group with high ligation to a collective of
patients who were treated by ligation of the superior rectal artery only, a worse functional
outcome with fewer propagating contractions and increased non-propagating contractions
could be observed in the group with “high ligation” [26]. However, despite these findings,
there is still an ongoing debate about the real impact of the high ligation approach on
functional disorders after rectal resection [28].

In addition to surgery, radiotherapy plays a major role in the multimodal management
of rectal cancer. Although neoadjuvant radiotherapy has significantly improved sphincter
preservation (by successful downstaging and downsizing) as well as local tumor control,
the negative impact on postoperative functional results and quality of life have also been
repeatedly described [29,30].

Mechanisms attributed to radiotherapy-induced damage of the rectal functions are
not completely understood but changes in the colonic wall and mesentery (partly also seen
in inflammatory bowel disease) have been reported and are very likely the pathogenic
mechanisms [31,32].

Comparable to neuronal damage caused by surgery, neuropathy can also be a sequela
of radiotherapy (mainly due to fibrosis) leading to disruption of the autonomic neural
pathways [32,33]. This agrees with repeated findings of radiotherapy being a strong risk
factor for LARS [29,34].

Finally, the construction of an ileostomy as protection for patients with low or ultralow
rectal anastomosis is also regarded as a risk factor for functional problems after a stoma
reversal [34–36]. Although it is undisputed that protective temporary ileostomies have a
protective effect against septic complications after anastomotic leakage, the negative effect
of exclusion of the colon must be taken into account. Loss of intraluminal nutrition to the
colon (acetate, proprionate and butyrate) can lead to significant intestinal dysbiosis and,
subsequently, mucosal atrophy [37]. Once the fecal stream starts to pass over the excluded
colon, absorptive problems and inflammatory changes can occur leading to symptoms
associated with LARS.

2.2. Symptoms of LARS

It must be accepted that LARS is associated with a large variety of symptoms, all of
which, individually or in combination, can lead to a detrimental effect on patients’ quality
of life (QOL). In a recent consensus paper, eight symptoms of LARS with one or more
consequences were listed, as illustrated in Table 2 [34].
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Table 2. LARS Symptoms and Consequences [34].

Symptoms Consequences Impact on

Unpredictable bowel function Toilet dependence Mental and emotional wellbeing

Emptying difficulties Preoccupation with bowel function Social and daily activities

Increased stool frequency Dissatisfaction with bowels Relationships and intimacy

Repeated painful stools Strategies and compromises Roles, commitments and
responsibilities

Urgency

Incontinence

Soiling

While many patients were mainly described as suffering from incontinence following
rectal resection in the past, closer monitoring of functional outcomes following LAR has
shown that incontinence is mostly a final consequence of other uncontrollable symptoms
(e.g., multiple unproductive defecation episodes per day and night) [9,34,38].

Therefore, it was necessary to develop more specific scoring instruments for the
identification of LARS, which do not focus on incontinence only but rather on symptoms
such as urge, number of defecation episodes, etc. [39,40].

Out of them, the “LARS score”, with five simple questions and three or four answering
categories, has established itself as an easy and reproducible instrument and has been
translated into more than 35 languages [40]. The score has a range from 0 to 42 points, thus
identifying patients with “No LARS”, “Minor LARS” and “Major LARS” (Table 3).

Table 3. Low Anterior Resection Syndrome Score—LARS Score [40].

Do you ever have occasions when you cannot
control your flatus (wind)?
� No, never
� Yes, less than once per week
� Yes, at least once per week

0
4
7

Do you ever have any accidental leakage of
liquid stool?
� No,
� Yes, less than once per week
� Yes, at least once per week

0
3
3

How often do you open your bowels?

� More than 7 times per day (24 h)
� 4–7 times per day (24 h)
� 1–3 times per day (24 h)
� Less than once per day (24 h)

4
2
0
5

Do you ever have to open your bowels again
within one hour of the last bowel opening?
� No, never
� Yes, less than once per week
� Yes, at least once per week

0
9

11

Do you ever have such a strong urge to open
your bowels that you have to rush to the toilet?
� No, never
� Yes, less than once per week
� Yes, at least once per week

0
11
16

No LARS: 0–20; Minor LARS: 21–29; Major LARS: 30–42.

Although this scoring system offers a valid approach to identifying and following
patients with LARS, some weaknesses must be taken into account (i.e., lack of information
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about consequences on QOL, impairments of other organ functions such as sexual activity,
bladder emptying, etc.) [34].

Once patients suffering from LARS have been identified, further diagnostic processing
will have to rule out organic lesions (anastomotic stenosis, local recurrence, side effects
from radiotherapy) as well as changes in stool consistency (diarrhea) as reasons for the
functional problems reported by the patient. Anorectal examination with digital inspection
as well as endoscopy will be able to clarify these questions in a fast and cheap manner.

More sophisticated tests, such as anorectal physiology evaluation (anal manometry,
electromyography, nerve latency testing, endoanal ultrasound), have failed to provide any
benefit in the diagnostic evaluation [34]. Only patients who are candidates for pelvic floor
rehabilitative therapy (biofeedback) will benefit from support by anal manometry.

2.3. Treatment of LARS
2.3.1. Dietary Modification

In general, dietary modification is regarded as the first-line therapy for patients suffer-
ing from LARS symptoms. It has been recommended that patients avoid foods that would
lead to soft stools (e.g., caffeine, spicy food, alcohol and fat) [41–43]. In addition, intake
of high-fiber food should lead to an increase in solid stool consistency, thus improving
symptoms or incontinence due to diarrhea.

The positive impact of high dietary fiber was nicely demonstrated in the Nurses’
Health Study of 58,330 women, in which women with the highest intake of fibers (25 g/day)
showed a 31% lower risk for fecal incontinence (mainly due to liquid stool) compared with
women with the lowest intake [42].

It must be considered seriously that an attempt to increase dietary fiber intake with
insoluble fibers could lead to a deterioration of symptoms due to an increased number of
bowel movements as well as bloating. Therefore, soluble fiber (bulking agents) should be
recommended in order to achieve better stool consistency.

2.3.2. Medication

Medication therapy most commonly focuses on the reduction in colonic motility, and
loperamide, as a constipating agent, is the most commonly used treatment [34,43,44]. In
addition to the effect of a reduction in defecation episodes, an increase in anal resting tone
due to a possible activation of the internal anal sphincter has been reported as the beneficial
effect of loperamide.

Recently, 5-HT3 antagonists (e.g., ramosetron) and bile acid sequestrants have shown
promising results which will need to be confirmed on a higher level of evidence. Itagaki and
coworkers observed an improvement in the Jorge–Wexner incontinence score as well as in
the urgency grade and the number of defecation episodes after one month of administrating
ramosetron to a cohort of 25 patients after sphincter-saving surgery [45]. However, besides
the small number of patients, no randomization has been used.

In accordance with this observation, it should be emphasized that most statements
about the efficacy of medication therapy are hampered by the lack of scientific evidence as
well as the fact that LARS is associated with a wide variety of different symptoms.

2.3.3. Pelvic Floor Rehabilitation

Few studies evaluating the efficacy of rehabilitative treatment of patients with LARS
are available and mostly deal with symptoms of “incontinence” and “stool frequency” [44].

Bartlett and coworkers were able to demonstrate retrospectively a decrease in incon-
tinence and number of defecation episodes in 19 patients who underwent biofeedback
and home exercises for four weeks as a treatment for functional problems after colorectal
surgery (various procedures) [46].

Although a significant improvement in incontinence scores (compared to baseline
values) could be observed, a deterioration was determined after 2 years, with 25% of the
patients having forgotten how to perform the training [46].
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Similarly, Kim et al. were able to show an improvement in continence function using
biofeedback treatment focusing on coordination, sensory function and muscle strength in
a retrospectively analyzed cohort of 70 patients [47]. Incontinence function, the number
of bowel movements and anal manometry data showed improvement although anal
physiology data were only available in 31 of 70 patients.

In a more recent publication, Lee and coworkers evaluated 31 patients suffering
from LARS following sphincter-saving surgery to whom biofeedback training (n: 16) or
supportive therapy (n: 15) was offered as one of two therapeutic options [48]. There was no
statistically significant difference in LARS scores between both groups. The decrease in the
Wexner score and increase in rectal capacity were significantly higher in the biofeedback
group. However, it has to be taken into account that this study did not randomize the
two groups [48].

A Chinese study by Wu et al. published results of a prospective randomized trial
including 109 patients who were allocated to three groups: control, pelvic floor muscle
exercise and biofeedback with muscle floor exercise [49]. All patients were followed
for 16 months, and data from high-resolution anal manometry, as well as the MSKCC
(Memorial Sloan Katering Cancer Center) intestinal function questionnaire, were evaluated.
Biofeedback together with muscle exercise led to a significant positive impact on anal
physiology data and LARS symptoms compared with mere pelvic floor exercise or control,
respectively. Unfortunately, only an English abstract of this publication was available as
the full text is published in Chinese [49].

In this context, it is noteworthy that a recently published Australian study protocol
(CARRET protocol) dealing with a similar study design has started patient recruitment, which
should help provide more insight into the scientific evidence of this treatment approach [50].

2.3.4. Transanal Irrigation (TAI)

TAI has been used previously for functional disorders (incontinence, constipation) of the
colon in pediatric patients (spina bifida, anal atresia) as well as in patients following spinal
cord injury [50,51]. Based on the successful outcome in these patients, TAI was introduced
first in patients suffering from severe and “chronic” (i.e., with a long history) LARS [52].

In a joint Austrian–Swiss study, 14 patients suffering from LARS with a median history
of 19 months (9–48 months) and a median number of eight defecation episodes per day
(4–12) were treated by TAI [53]. By use of a Foley catheter or the Peristeen irrigation
system (Coloplast, Denmark), a median volume of 900 mL (500–1500 mL) of tap water was
applied every 24–48 h and led to a significant decrease in defecation episodes as well as
improvement in incontinence and QOL scores.

Following this and other similar publications [54], a controlled randomized study
was initiated in order to evaluate the efficacy of this approach in an early setting as a
prophylaxis against LARS [55]. In this multicenter trial, 39 patients with a protective
ileostomy following ultralow rectal resection (median height of anastomosis 3 cm above
dentate line) were randomized on the day before planned ileostomy closure either to receive
the best supportive therapy against LARS or to start with TAI (1000 mL/24 h) after the first
bowel movement. LARS and Wexner scores as well as the SF-36 QOL score were evaluated
at 1 week, 1 month and 3 months following ileostomy closure [56].

After one and three months, a significantly better outcome with regards to LARS and
Wexner scores could be observed in those patients who regularly performed TAI compared
to the group with supportive therapy only, thus showing the positive impact of TAI on the
control of LARS symptoms in the early phase after low anterior rectal resection [56].

However, in a follow-up evaluation after 12 months, when patients could freely choose
between the two treatment modalities, only 10 of 19 patients who had been allocated to TAI
continued with the irrigation therapy. This was noteworthy as TAI patients still revealed
significantly fewer defecation episodes and better results in the LARS score compared with
the patients in the group with supportive therapy [57].
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The main arguments of patients for stopping TAI were the duration of the procedure
(approximately 45 min) [57]. Furthermore, it is widely accepted that LARS problems
improve over time in many patients, bringing them into a more acceptable situation, as
most will not require any special therapy anymore [33].

Although TAI has proven its efficacy in controlling LARS symptoms, a number of
questions remain open [33]:

a) Volume of irrigation;
b) Intervals between irrigation procedures;
c) Irrigation devices (Balloon or cone).

There is still an open debate about whether patients should start with a high volume
(e.g., 1000 mL) in order to achieve a quick resolution of their symptoms as well as with a
regular schedule of TAI every 24 h, or if small volumes (e.g., 100–200 mL) with a significantly
shorter toilette time could be equally sufficient to control LARS problems [33].

Furthermore, there is no univocal decision about the optimal irrigation device regard-
ing user friendliness as well as safety considerations.

In general, TAI is a widely accepted and evidence-based option that can be chosen as an
effective treatment option for patients with symptoms of LARS. However, it is mandatory
to provide patients with a standardized training program supported by experienced and
well-trained staff (mostly dedicated stoma therapists) in order to secure appropriate patient
compliance (especially in the beginning of the therapy) as well as sufficient safety of
the procedure.

2.3.5. Neuromodulation

As already mentioned, it is accepted that surgery and/or radiotherapy can lead to the
denervation of the autonomic nervous system and consequently to an impairment of sym-
pathetic as well as parasympathetic nerve fiber activity [20,26]. Damage to these structures
can be associated with changes in colonic motility as well as with fecal incontinence.

Therapy aiming to restore neural pathways by continuous neural stimulation has been
very successful in treating various forms of urinary and fecal incontinence in the past [55,58].

This can be achieved either by electrical stimulation of sacral nerves at the level of S2
or S3 (so-called sacral nerve stimulation—SNS or sacral nerve modulation—SNM) or the
posterior tibial nerve (PTNS) [59,60].

Sacral nerve stimulation (or modulation) is a two-stage procedure, consisting of a test
phase and an implant phase [55,58,61].

During the first (test) stage, an electrode is placed at the dorsal root of the sacral nerve
S3 or S4 and stimulated externally for two to four weeks in order to evaluate the functional
response. Once a positive result (i.e., improvement in symptoms) is confirmed, permanent
implant of a neurostimulator is performed subsequently.

While SNS (or SNM) has become the treatment of choice for many patients suffer-
ing from fecal incontinence, there is a lack of data dealing with this therapy for LARS
patients [55,58]. Although a systematic review showed an improvement in 94% of patients
overall (delay of defecation, improvement in QOL scores), it must be accepted that just a
few data from 43 patients published in seven studies were available [61].

Due to this relatively low rate of scientific evidence as well as the considerable costs
associated with this therapy, SNS cannot be regarded as the first treatment option for LARS.

Contrary to SNS (SNM), tibial nerve stimulation (PTNS) is more easily applicable and
significantly cheaper. Percutaneous (needle) or transcutaneous (skin pad) stimulation of
the posterior tibial nerve is usually performed in a 30-min session and has been reported in
small series with varying results [59,60].

Marinello and coworkers recruited 46 patients for a multicentric randomized trial.
Patients with a major LARS score were allocated to receive PTNS or sham therapy (needle
placement simulation without nerve stimulation) [62]. The fecal incontinence score was
improved after 12 months in the PTNS group (mean(s.d.) score 15.4(5.2) at baseline versus
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12.5(6.4) at 12 months; P = 0.018). No major changes in QoL or sexual function were
observed in either group.

Enriquez-Navascues et al. randomized 27 patients with a major LARS score to receive
either TAI or PTNS in a randomized study [62]. The median LARS score decreased from 35
(interquartile range (IQR) 32–39) to 12 (IQR 12–26) (p = 0.021) for the TAI group and from
35 (IQR 34–37) to 30 (IQR 25–33) (p = 0.045) for the PTNS group.

The Vaizey (incontinence) score fell from 15 (IQR 11–18) to 6 (IQR 4–7) (p = 0.037)
and from 14 (IQR 13–17) to 9 (IQR 7–10) (p = 0.007) with TAI and PTNS, respectively.
The authors concluded that both treatments improved the LARS score in this study, but
statistical significance could only be reached in the TAI group [63].

3. Conclusions

Today, it is widely accepted that following sphincter-preserving rectal resection, a
large majority of patients will be affected by LARS symptoms for a period ranging from 12
to 18 months.

Therefore, preoperative information about this potential problem as well as the man-
agement of LARS in the postoperative follow-up are equally important as a technically
appropriate surgery in order to achieve an acceptable QOL for these patients. Colorectal
surgeons, gastroenterologists and nursing staff should be aware of the variety of therapeutic
options, and a stepwise approach has been recently suggested by the BOREAL program, as
published by Harji and coworkers [42].

Their group proposes an escalating treatment algorithm as illustrated in Figure 1,
which was associated with a rate of compliance of 72.9% for the 137 patients who were
included. A major LARS decrease from 48% (30 days postoperatively) to 12% at 12 months
can be taken as evidence of the effectiveness of the available treatment options to control
this functional problem for most of the patients following rectal resection.

Cancers 2023, 15, x FOR PEER REVIEW  9 of 12 

 

a large majority of patients will be affected by LARS symptoms for a period ranging 

from 12 to18 months. 

Therefore, preoperative information about this potential problem as well as the 

management of LARS in the postoperative follow-up are equally important as a tech-

nically appropriate surgery in order to achieve an acceptable QOL for these patients. 

Colorectal surgeons, gastroenterologists and nursing staff should be aware of the va-

riety of therapeutic options, and a stepwise approach has been recently suggested by 

the BOREAL program, as published by Harji and coworkers [41]. 

Their group proposes an escalating treatment algorithm as illustrated in Figure 

1, which was associated with a rate of compliance of 72.9% for the 137 patients who 

were included. A major LARS decrease from 48% (30 days postoperatively) to 12% at 

12 months can be  taken as evidence of  the effectiveness of  the available  treatment 

options  to control  this  functional problem  for most of  the patients  following rectal 

resection. 

 

Figure 1. Bowel rehabilitation program (BOREAL) [44]. 

Author Contributions: H.R.: writing of the manuscript. C.G.S.: Literature research and editing. C.S.: 

Data evaluation. All authors have read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Conflicts of Interest: H.Rosen is member of the Advisory Board for LARS of Coloplast. Coloplast 

was not financially involved in the production of this article. Other authors declare no conflict of 

interest. 

References 

1. Renner, K.; Rosen, H.R.; Novi, G.; Hölbling, N.; Schiessel, R. Quality of life after surgery for rectal cancer: Do we still need a 

permanent colostomy? Dis. Colon Rectum 1994, 42, 1160–1167. 

2. Dekker, E.; Tanis, P.J.; Vleugels, J.L.A.; Kasi, P.M.; Wallace, M.B. Colorectal cancer. Lancet 2019, 394, 1467–1480. 

3. Brännström, F.; Bjerregaard,  J.K.; Winbladh, A.; Nilbert, M.; Revhaug, A.; Wagenius, G.; Mörner, M. Multidisciplinary  team 

conferences promote treatment according to guidelines in rectal cancer. Acta Oncol. 2015, 54, 447–453. 

4. Kong, J.C.; Soucisse, M.; Michael, M.; Tie, J.; Ngan, S.Y.; Leong, T.; McCormick, J.; Warrier, S.K.; Heriot, A.G.; et al. Total neoad-

juvant therapy in locally advanced rectal cancer: A systematic review and metaanalysis of oncological and operative outcomes. 

Ann. Surg. Oncol. 2021, 28, 7476–7486. 

5. Collaborative R; Zaborowski, A.M.; Abdile, A.; Adamina, M.; Aigner, F.; d’Allens, L.; Allmer, C.; Álvarez, A.; Anula, R.; Andric, 

M.; et al. Characteristics of early-onset vs. late-onset colorectal cancer: A review. JAMA Surg. 2021, 156, 865–874. 

6. Kupsch,  J.; Kuhn, M.; Matzel, K.E.; Zimmer,  J.; Radulova-Mauersberger, O.; Sims, A.; Witzigmann, H.; Stelzner, S. To what 

extent is the low anterior resection syndrome (LARS) associated with quality of life as measured using the EORTC C30 and 

CR38 quality of life questionnaires? Int. J. Colorectal Dis. 2019, 34, 747–762. 

7. Keane, C.; Fearnhead, N.S.; Bordeianou, L.G.; Christensen, P.; Basany, E.E.; Laurberg, S.; Mellgren, A.; Messick, C.; Orangio, 

G.R.; Verjee, A.; et al. International consensus definition of low anterior resection syndrome. Dis. Colon Rectum 2020, 63, 274–

284. 

8. Croese, A.D.; Lonie, J.M.; Trollope, A.F.; Vangaveti, V.N.; Ho, Y.-H. A meta-analysis of the prevalence of low anterior resection 

syndrome and systematic review of risk factors. Int. J. Surg. Vol. 2018, 56, 234–241. 

9. Chen TY, T.; Emmertsen, K.J.; Laurberg, S. Bowel dysfunction after rectal cancer treatment: A study comparing the specialist’s 

versus patient’s perspective. BMJ Open 2014, 4, e003374. 

10. Jorge, J.M.; Wexner, S.D. Etiology and management of fecal incontinence. Dis. Colon Rectum 1993, 36, 77–97. 

11. Ekkarat, P.; Boonpipattanapong, T.; Tantiphlachiva, K.; Sangkhathat, S. Factors determining low anterior resection syndrome 

after rectal cancer resection: A study in Thai patients. Asian J. Surg. 2016, 39, 225–231. 

12. Palit, S.; Lunniss, P.; Scott, S. The physiology of human defecation. Dig. Dis. Sci. 2012, 57, 1445–1464. 

Figure 1. Bowel rehabilitation program (BOREAL) [45].

Author Contributions: H.R.: writing of the manuscript. C.G.S.: Literature research and editing. C.S.:
Data evaluation. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: H. Rosen is member of the Advisory Board for LARS of Coloplast. Coloplast
was not financially involved in the production of this article. Other authors declare no conflict
of interest.

References
1. Monson, J.; Weiser, M.; Buie, W.; Chang, G.J.; Rafferty, J.F.; Buie, W.D.; Rafferty, J.; Guillem, J.; Boushey, R.; Chang, G.; et al.

Practice parameters for the management of rectal cancer (revised). Dis. Colon Rectum 2013, 56, 535–550. [CrossRef]
2. Renner, K.; Rosen, H.R.; Novi, G.; Hölbling, N.; Schiessel, R. Quality of life after surgery for rectal cancer: Do we still need a

permanent colostomy? Dis. Colon Rectum 1994, 42, 1160–1167. [CrossRef] [PubMed]
3. Dekker, E.; Tanis, P.J.; Vleugels, J.L.A.; Kasi, P.M.; Wallace, M.B. Colorectal cancer. Lancet 2019, 394, 1467–1480. [CrossRef] [PubMed]
4. Brännström, F.; Bjerregaard, J.K.; Winbladh, A.; Nilbert, M.; Revhaug, A.; Wagenius, G.; Mörner, M. Multidisciplinary team

conferences promote treatment according to guidelines in rectal cancer. Acta Oncol. 2015, 54, 447–453. [CrossRef]
5. Kong, J.C.; Soucisse, M.; Michael, M.; Tie, J.; Ngan, S.Y.; Leong, T.; McCormick, J.; Warrier, S.K.; Heriot, A.G. Total neoadjuvant

therapy in locally advanced rectal cancer: A systematic review and metaanalysis of oncological and operative outcomes. Ann.
Surg. Oncol. 2021, 28, 7476–7486. [CrossRef]

6. Zaborowski, A.M.; Abdile, A.; Adamina, M.; Aigner, F.; d’Allens, L.; Allmer, C.; Álvarez, A.; Anula, R.; Andric, M.; REACCT
Collaborative; et al. Characteristics of early-onset vs. late-onset colorectal cancer: A review. JAMA Surg. 2021, 156, 865–874.

http://doi.org/10.1097/DCR.0b013e31828cb66c
http://doi.org/10.1007/BF02238568
http://www.ncbi.nlm.nih.gov/pubmed/10496556
http://doi.org/10.1016/S0140-6736(19)32319-0
http://www.ncbi.nlm.nih.gov/pubmed/31631858
http://doi.org/10.3109/0284186X.2014.952387
http://doi.org/10.1245/s10434-021-09837-8


Cancers 2023, 15, 778 9 of 11

7. Kupsch, J.; Kuhn, M.; Matzel, K.E.; Zimmer, J.; Radulova-Mauersberger, O.; Sims, A.; Witzigmann, H.; Stelzner, S. To what extent
is the low anterior resection syndrome (LARS) associated with quality of life as measured using the EORTC C30 and CR38 quality
of life questionnaires? Int. J. Colorectal Dis. 2019, 34, 747–762. [CrossRef]

8. Keane, C.; Fearnhead, N.S.; Bordeianou, L.G.; Christensen, P.; Basany, E.E.; Laurberg, S.; Mellgren, A.; Messick, C.; Orangio,
G.R.; Verjee, A.; et al. International consensus definition of low anterior resection syndrome. Dis. Colon Rectum 2020, 63,
274–284. [CrossRef]

9. Croese, A.D.; Lonie, J.M.; Trollope, A.F.; Vangaveti, V.N.; Ho, Y.-H. A meta-analysis of the prevalence of low anterior resection
syndrome and systematic review of risk factors. Int. J. Surg. Vol. 2018, 56, 234–241. [CrossRef] [PubMed]

10. Chen TY, T.; Emmertsen, K.J.; Laurberg, S. Bowel dysfunction after rectal cancer treatment: A study comparing the specialist’s
versus patient’s perspective. BMJ Open 2014, 4, e003374. [CrossRef]

11. Jorge, J.M.; Wexner, S.D. Etiology and management of fecal incontinence. Dis. Colon Rectum 1993, 36, 77–97. [CrossRef]
12. Ekkarat, P.; Boonpipattanapong, T.; Tantiphlachiva, K.; Sangkhathat, S. Factors determining low anterior resection syndrome after

rectal cancer resection: A study in Thai patients. Asian J. Surg. 2016, 39, 225–231. [CrossRef] [PubMed]
13. Palit, S.; Lunniss, P.; Scott, S. The physiology of human defecation. Dig. Dis. Sci. 2012, 57, 1445–1464. [CrossRef] [PubMed]
14. Tomita, R.; Igarashi, S.; Fujisaki, S. Studies on anal canal sensitivity in patients with or without soiling after low anterior resection

for lower rectal cancer. Hepatogastroenterology 2008, 55, 1311–1314.
15. Marti, W.; Curti, G.; Wehrli, H.; Grieder, F.; Graf, M.; Gloor, B.; Zuber, M.; Demartines, N.; Fasolini, F.; Lerf, B.; et al. Clinical

outcome after rectal replacement with side-to-end, colon-j-pouch, or straight colorectal anastomosis following total mesorectal
excision: A Swiss prospective, randomized, multicenter trial (SAKK 40/04). Ann. Surg. 2019, 269, 827–835. [CrossRef]

16. Pales, C.G.C.; An, S.; Cruz, J.P.; Kim, K.; Kim, Y. Postoperative bowel function after anal sphincter-preserving rectal cancer
surgery: Risk factors, diagnostic modalities, and management. Ann. Coloproctol. 2019, 35, 160–166. [CrossRef]

17. Karanijia, N.; Schache, D.; Heald, R. Function of the distal rectum after low anterior resection for carcinoma. Br. J. Surg. 1992, 79,
114–116. [CrossRef]

18. Martellucci, J. Low anterior resection syndrome. Dis. Colon Rectum 2016, 59, 79–82. [CrossRef]
19. Gillis, R.A.; Dias Souza, J.; Hicks, K.A.; Mangel, A.W.; Pagani, F.D.; Hamilton, B.L.; Garvey, T.Q., III; Pace, D.G.; Browne, R.K.;

Norman, W.P. Inhibitory control of proximal colonic motility by the sympathetic nervous system. Am. J. Physiol. Gastrointest.
Liver Physiol. 1987, 253, G531–G539. [CrossRef] [PubMed]

20. Lin, A.Y.; Dinning, P.G.; Milne, T.; Bissett, I.P.; O’Grady, G. The “rectosigmoid brake”: Review of an emerging neuromodulation
target for colorectal functional disorders. Clin. Exp. Pharmacol. Physiol. 2017, 44, 719–728. [CrossRef]

21. Lin, A.Y.; Varghese, C.; Paskaranandavadivel, N.; Seo, S.; Du, P.; Dinning, P.; Bissett, I.P.; O’Grady, G. Faecal incontinence is
associated with an impaired rectosigmoid brake and improved by sacral neuromodulation. Colorectal Dis. 2022, 24, 1–11. [CrossRef]

22. Lin, A.Y.; Du, P.; Dinning, P.G.; Arkwright, J.W.; Kamp, J.P.; Cheng, L.K.; Bissett, I.P.; O’Grady, G. High-resolution anatomic
correlation of cyclic motor patterns in the human colon: Evidence of a rectosigmoid brake. Am. J. Physiol. Gastrointest. Liver
Physiol. 2017, 312, G508–G515. [CrossRef]

23. Ballantyne, G.H. Rectosigmoid sphincter of O’Beirne. Dis. Colon Rectum 1986, 29, 525–531. [CrossRef] [PubMed]
24. Dinning, P.G.; Wiklendt, L.; Maslen, L.; Gibbins, I.; Patton, V.; Arkwright, J.W.; Lubowski, D.Z.; O’Grady, G.; Bampton, P.A.;

Brookes, S.J.; et al. Quantification of in vivo colonic motor patterns in healthy humans before and after a meal revealed by
high-resolution fiber-optic manometry. Neurogastroenterol. Motil. 2014, 26, 1443–1457. [CrossRef] [PubMed]

25. Koda, K.; Saito, N.; Seike, K.; Shimizu, K.; Kosugi, C.; Miyazaki, M. Denervation of the neorectum as a potential cause of
defecatory disorder following low anterior resection for rectal cancer. Dis. Colon Rectum 2005, 48, 210–217. [CrossRef]

26. Iizuka, I.; Koda, K.; Seike, K.; Shimizu, K.; Takami, Y.; Fukuda, H.; Tsuchida, D.; Oda, K.; Takiguchi, N.; Miyazaki, M. Defecatory
malfunction caused by motility disorder of the neorectum after anterior resection for rectal cancer. Am. J. Surg. 2004, 188, 176–180.
[CrossRef] [PubMed]

27. Tryliskyy, Y.; Wong, C.S.; Demykhova, I.; Tyselskyi, V.; Kebkalo, A.; Poylin, V. Systematic review and meta-analysis of randomized
controlled trials evaluating the effect of the level of ligation of inferior mesenteric artery on functional outcomes in rectal cancer
surgery. Int. J. Colorectal Dis. 2022, 37, 709–718. [CrossRef] [PubMed]

28. Feeney, G.; Sehgal, R.; Sheehan, M.; Hogan, A.; Regan, M.; Joyce, M.; Kerin, M. Neoadjuvant radiotherapy for rectal cancer
management. World J. Gastroenterol. 2019, 25, 4850–4869. [CrossRef]

29. Erlandsson, J.; Holm, T.; Pettersson, D.; Berglund, Å.; Cedermark, B.; Radu, C.; Johansson, H.; Machado, M.; Hjern, F.; Hallböök,
O.; et al. Optimal fractionation of preoperative radiotherapy and timing to surgery for rectal cancer (Stockholm III): A multicentre,
randomised, non-blinded, phase 3, non-inferiority trial. Lancet Oncol. 2017, 18, 336–346. [CrossRef]

30. Indaram, A.V.; Visvalingam, V.; Locke, M.; Bank, S. Mucosal cytokine production in radiation-induced proctosigmoiditis
compared with inflammatory bowel disease. Am. J. Gastroenterol. 2000, 95, 1221–1225. [CrossRef] [PubMed]

31. Gerassy-Vainberg, S.; Blatt, A.; Danin-Poleg, Y.; Gershovich, K.; Sabo, E.; Nevelsky, A.; Daniel, S.; Dahan, A.; Ziv, O.; Dheer, R.;
et al. Radiation induces proinflammatory dysbiosis: Transmission of inflammatory susceptibility by host cytokine induction. Gut
2018, 67, 97–107. [CrossRef]

32. Molla, M.; Panes, J. Radiation-induced intestinal inflammation. World J. Gastroenterol. 2007, 13, 3043–3046. [CrossRef] [PubMed]
33. Christensen, P.; Baeten, C.I.M.; Espin-Barany, E.; Martellucci, J.; Nugent, K.P.; Zerbib, F.; Pellino, G.; Rosen, H. Management

guidelines for low anterior resection syndrome-the MANUEL project. Colorectal Dis. 2021, 23, 461–475. [CrossRef] [PubMed]

http://doi.org/10.1007/s00384-019-03249-7
http://doi.org/10.1097/DCR.0000000000001583
http://doi.org/10.1016/j.ijsu.2018.06.031
http://www.ncbi.nlm.nih.gov/pubmed/29936195
http://doi.org/10.1136/bmjopen-2013-003374
http://doi.org/10.1007/BF02050307
http://doi.org/10.1016/j.asjsur.2015.07.003
http://www.ncbi.nlm.nih.gov/pubmed/26340884
http://doi.org/10.1007/s10620-012-2071-1
http://www.ncbi.nlm.nih.gov/pubmed/22367113
http://doi.org/10.1097/SLA.0000000000003057
http://doi.org/10.3393/ac.2019.08.10
http://doi.org/10.1002/bjs.1800790206
http://doi.org/10.1097/DCR.0000000000000495
http://doi.org/10.1152/ajpgi.1987.253.4.G531
http://www.ncbi.nlm.nih.gov/pubmed/2889367
http://doi.org/10.1111/1440-1681.12760
http://doi.org/10.1111/codi.16249
http://doi.org/10.1152/ajpgi.00021.2017
http://doi.org/10.1007/BF02562612
http://www.ncbi.nlm.nih.gov/pubmed/3525042
http://doi.org/10.1111/nmo.12408
http://www.ncbi.nlm.nih.gov/pubmed/25131177
http://doi.org/10.1007/s10350-004-0814-6
http://doi.org/10.1016/j.amjsurg.2003.12.064
http://www.ncbi.nlm.nih.gov/pubmed/15249246
http://doi.org/10.1007/s00384-022-04101-1
http://www.ncbi.nlm.nih.gov/pubmed/35152339
http://doi.org/10.3748/wjg.v25.i33.4850
http://doi.org/10.1016/S1470-2045(17)30086-4
http://doi.org/10.1111/j.1572-0241.2000.02013.x
http://www.ncbi.nlm.nih.gov/pubmed/10811331
http://doi.org/10.1136/gutjnl-2017-313789
http://doi.org/10.3748/wjg.v13.i22.3043
http://www.ncbi.nlm.nih.gov/pubmed/17589918
http://doi.org/10.1111/codi.15517
http://www.ncbi.nlm.nih.gov/pubmed/33411977


Cancers 2023, 15, 778 10 of 11

34. Vogel, I.; Reeves, N.; Tanis, P.J.; Bemelman, W.A.; Torkington, J.; Hompes, R.; Cornish, J.A. Impact of a defunctioning ileostomy
and time to stoma closure on bowel function after low anterior resection for rectal cancer: A systematic review and meta-analysis.
Tech. Coloproctol. 2021, 25, 751–760. [CrossRef] [PubMed]

35. Keane, C.; Park, J.; Öberg, S. Functional outcomes from a randomized trial of early closure of temporary ileostomy after rectal
excision for cancer. Br. J. Surg. 2019, 106, 645–652. [CrossRef]

36. Beamish, E.L.; Johnson, J.; Shaw, E.J.; Scott, N.A.; Bhowmick, A.; Rigby, R.J. Loop ileostomy-mediated fecal stream diversion is
associated with microbial dysbiosis. Gut Microbes 2017, 8, 467–478. [CrossRef]

37. Walma, M.S.; Kornmann, V.N.N.; Boerma, D.; Roos, M.A.J.; van Westreenen, H.L. Predictors of fecal incontinence and related
quality of life after a total mesorectal excision with primary anastomosis for patients with rectal cancer. Ann. Coloproctol. 2015, 31,
23–28. [CrossRef] [PubMed]

38. Ihn, M.H.; Kang, S.B.; Kim, D.W.; Oh, H.K.; Lee, S.Y.; Hong, S.M. Risk factorsfor bowel dysfunction after sphincter-preserving
rectal cancer surgery: A prospective study using the memorial Sloan Kettering cancer center bowel function instrument. Dis.
Colon Rectum 2014, 57, 958–966. [CrossRef]

39. Emmertsen, K.J.; Laurberg, S. Low anterior resection syndrome score: Development and validation of a symptom-based scoring
system for bowel dysfunction after low anterior resection for rectal cancer. Ann. Surg. 2012, 255, 922–928. [CrossRef]

40. Bliss, D.; Savik, K.; Jung, H.; Whitebird, R.; Lowry, A.; Sheng, X. Dietary fiber supplementation for fecal incontinence: A
randomized clinical trial. Res. Nurs. Health 2014, 37, 367–378. [CrossRef]

41. Staller, K.; Song, M.; Grodstein, F.; Whitehead, W.E.; Matthews, C.A.; Kuo, B.; Chan, A.T. Increased long-term dietary fiber intake
is associated with a decreased risk of fecal incontinence in older women. Gastroenterology 2018, 155, 661–667. [CrossRef]

42. Harji, D.; Fernandez, B.; Boissieras, L.; Berger, A.; Capdepont, M.; Zerbib, F.; Rullier, E.; Denost, Q. A novel bowel rehabilitation
programme after total mesorectal excision for rectal cancer: The BOREAL pilot study. Colorectal Dis. 2021, 23, 2619–2626.
[CrossRef] [PubMed]

43. Bazzell, A.; Madsen, L.T.; Dains, J. Clinical management of bowel dysfunction after low anterior resection for rectal cancer. J. Adv.
Pract. Oncol. 2016, 7, 618–629. [PubMed]

44. Itagaki, R.; Koda, K.; Yamazaki, M.; Shuto, K.; Kosugi, C.; Hirano, A.; Arimitsu, H.; Shiragami, R.; Yoshimura, Y.; Suzuki, M.
Serotonin (5-HT3) receptor antagonists for the reduction in symptoms of low anterior resection syndrome. Clin. Exp. Gastroenterol.
2014, 7, 47–52.

45. Bartlett, L.; Sloots, K.; Nowak, M.; Ho, Y.-H. Biofeedback therapy for symptoms of bowel dysfunction following surgery for
colorectal cancer. Tech. Coloproct. 2011, 15, 319–326. [CrossRef] [PubMed]

46. Ho, K.K.; Sik, Y.C.; Sik, Y.Y.; Nam, Y.S.; Seok-Byung, L.; Cheon, K.J. Effectiveness of biofeedback therapy in the treatment of
anterior resection syndrome after rectal cancer surgery. Dis. Colon Rectum 2011, 54, 1107–1113.

47. Lee, K.H.; Kim, J.S.; Kim, J.Y. Efficacy of biofeedback therapy for objective improvement of pelvic function in low anterior
resection syndrome. Ann. Surg. Treat Res. 2019, 97, 194–201. [CrossRef] [PubMed]

48. Wu, X.D.; Wu, C.F.; Chen, Y.L.; Kong, L.H.; Pan, Z.Z.; Zheng, M.C. Intervention effect of biofeedback combined with pelvic floor
muscle exercise on low anterior resection syndrome in patients with low anus-preserving rectal cancery. Zhonghua Yi Xue Za Zhi
2019, 99, 2337–2343.

49. Sacomori, C.; Lorca, L.A.; Martinez-Mardones, M.; Salas-Ocaranza, R.I.; Reyes-Reyes, G.P.; Pizarro-Hinojosa, M.N.; Plasser-
Troncoso, J. A randomized clinical trial to assess the effectiveness of pre- and post-surgical pelvic floor physiotherapy for
bowel symptoms, pelvic floor function, and quality of life of patients with rectal cancer: CARRET protocol. Trials 2021, 22,
448–453. [CrossRef]

50. Ambartsumyan, L.; Rodriguez, L.J. Bowel management in children with spina bifida. Pediatr. Rehabil. Med. 2018, 11, 293–301.
51. Hultling, C. Neurogenic Bowel Management using Transanal Irrigation by Persons with Spinal Cord Injury. Phys. Med. Rehabil.

Clin. N. Am. 2020, 31, 305–318. [CrossRef]
52. Iwama, T.; Imajo, M.; Yaegashi, K.; Mishima, Y. Self washout method for defecational complaints following low anterior resection.

Jpn. J. Surg. 1989, 19, 251–253. [CrossRef] [PubMed]
53. Rosen, H.; Robert, J.; Tentschert, G.; Lechner, M.; Roche, B. Transanal irrigation improves quality of life in patients with low

anterior resection syndrome. Colorectal Dis. 2011, 13, 335–338. [CrossRef] [PubMed]
54. Martellucci, J.; Sturiale, A.; Bergamini, C.; Boni, L.; Cianchi, F.; Coratti, A.; Valeri, A. Role of transanal irrigation in the treatment

of anterior resection syndrome. Tech. Coloproctol. 2018, 22, 519–527. [CrossRef] [PubMed]
55. Ratto, C.; Litta, F.; Parello, A.; Donisi, L.; De Simone, V.; Zaccone, G. Sacral nerve stimulation in faecal incontinence associated

with an anal sphincter lesion: A systematic review. Colorectal Dis. 2012, 14, 297–304. [CrossRef]
56. Rosen, H.R.; Kneist, W.; Fürst, A.; Krämer, G.; Hebenstreit, J.; Schiemer, J.F. Randomized clinical trial of prophylactic transanal

irrigation versus supportive therapy to prevent symptoms of low anterior resection syndrome after rectal resection. BJS Open
2019, 3, 461–465. [PubMed]

57. Rosen, H.R.; Boedecker, C.; Fürst, A.; Krämer, G.; Hebenstreit, J.; Kneist, W. ”Prophylactic” transanal irrigation (TAI) to prevent
symptoms of low anterior resection syndrome (LARS) after rectal resection: Results at 12-month follow-up of a controlled
randomized multicenter trial. Tech. Coloproctol. 2020, 24, 1247–1253. [CrossRef] [PubMed]

58. Matzel, K.E.; Kamm, M.A.; Stösser, M.; Baeten, C.G.; Christiansen, J.; Madoff, R.; Mellgren, A.; Nicholls, R.J.; Rius, J.; Rosen, H.
Sacral spinal nerve stimulation for faecal incontinence: Multicentre study. Lancet 2004, 363, 1270–1276. [CrossRef]

http://doi.org/10.1007/s10151-021-02436-5
http://www.ncbi.nlm.nih.gov/pubmed/33792822
http://doi.org/10.1002/bjs.11092
http://doi.org/10.1080/19490976.2017.1339003
http://doi.org/10.3393/ac.2015.31.1.23
http://www.ncbi.nlm.nih.gov/pubmed/25745623
http://doi.org/10.1097/DCR.0000000000000163
http://doi.org/10.1097/SLA.0b013e31824f1c21
http://doi.org/10.1002/nur.21616
http://doi.org/10.1053/j.gastro.2018.05.021
http://doi.org/10.1111/codi.15812
http://www.ncbi.nlm.nih.gov/pubmed/34264005
http://www.ncbi.nlm.nih.gov/pubmed/29588867
http://doi.org/10.1007/s10151-011-0713-5
http://www.ncbi.nlm.nih.gov/pubmed/21755415
http://doi.org/10.4174/astr.2019.97.4.194
http://www.ncbi.nlm.nih.gov/pubmed/31620393
http://doi.org/10.1186/s13063-021-05396-1
http://doi.org/10.1016/j.pmr.2020.04.003
http://doi.org/10.1007/BF02471596
http://www.ncbi.nlm.nih.gov/pubmed/2724726
http://doi.org/10.1111/j.1463-1318.2011.02692.x
http://www.ncbi.nlm.nih.gov/pubmed/21689359
http://doi.org/10.1007/s10151-018-1829-7
http://www.ncbi.nlm.nih.gov/pubmed/30083782
http://doi.org/10.1111/j.1463-1318.2012.03003.x
http://www.ncbi.nlm.nih.gov/pubmed/31388638
http://doi.org/10.1007/s10151-020-02261-2
http://www.ncbi.nlm.nih.gov/pubmed/32562153
http://doi.org/10.1016/S0140-6736(04)15999-0


Cancers 2023, 15, 778 11 of 11

59. Sarveazad, A.; Babahajian, A.; Amini, N.; Shamseddin, J.; Yousefifard, M. Posterior Tibial Nerve Stimulation in Fecal Incontinence:
A Systematic Review and Meta-Analysis. Basic Clin. Neurosci. 2019, 10, 419–431. [CrossRef]

60. George, A.T.; Maitra, R.K.; Maxwell-Armstrong, C. Posterior tibial nerve stimulation for fecal incontinence: Where are we? World
J. Gastroenterol. 2013, 19, 9139–9145. [CrossRef]

61. Ramage, L.; Qiu, S.; Kontovounisios, C.; Tekkis, P.; Rashedd, S.; Tan, E. A systematic review of sacral nerve stimulation for low
anterior resection syndrome. Colorectal Dis. 2015, 17, 762–771. [CrossRef]

62. Marinello, F.G.; Jiménez, L.M.; Talavera, E.; Fraccalvieri, D.; Alberti, P.; Ostiz, F.; Frago, R.; Blanco, A.; Pellino, G.; Espín-Basany, E.
Percutaneous tibial nerve stimulation in patients with severe low anterior resection syndrome: Randomized clinical trial. Br. J.
Surg. 2021, 108, 380–387. [CrossRef] [PubMed]

63. Enriquez-Navascues, J.M.; Labaka-Arteaga, I.; Aguirre-Allende, I.; Artola-Etxeberria, M.; Saralegui-Ansorena, Y.; Elorza-Echaniz,
G.; Borda-Arrizabalaga, N.; Placer-Galan, C. A randomized trial comparing transanal irrigation and percutaneous tibial nerve
stimulation in the management of low anterior resection syndrome. Colorectal Dis. 2020, 22, 303–309. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.32598/bcn.9.10.290
http://doi.org/10.3748/wjg.v19.i48.9139
http://doi.org/10.1111/codi.12968
http://doi.org/10.1093/bjs/znaa171
http://www.ncbi.nlm.nih.gov/pubmed/33793754
http://doi.org/10.1111/codi.14870
http://www.ncbi.nlm.nih.gov/pubmed/31585495

	Introduction 
	Methods 
	Etiology of LARS 
	Symptoms of LARS 
	Treatment of LARS 
	Dietary Modification 
	Medication 
	Pelvic Floor Rehabilitation 
	Transanal Irrigation (TAI) 
	Neuromodulation 


	Conclusions 
	References

