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Abstract

Purpose of Review—Low anterior resection syndrome is a highly prevalent condition that 

can develop after anal sphincter-sparing surgery for rectal cancer and impair quality of life. In 

this review, we summarize the major features and pathophysiology of this syndrome and discuss 

treatment approaches.

Recent Findings—Quality of life correlates significantly with severity of low anterior resection 

syndrome. Prompt assessment and initiation of therapy are essential to rehabilitating damaged 

mechanical and neural structures. Anorectal manometry demonstrates a global decrease in 

sphincteric function postoperatively, though in many patients, function does recover. Transanal 

irrigation, pelvic floor rehabilitation, and biofeedback are the mainstays of the treatment of major 

LARS. Definitive stoma can be considered in therapy refractory LARS > 2 years.

Summary—The development of low anterior resection syndrome likely involves an interplay 

between mechanical and neural pathways. Clinically, patients present at varying levels of severity, 

and scoring systems are available to help assess patient symptoms and guide therapy. Treatment 

approaches range from conservative therapies to biofeedback and sacral nerve stimulation. Future 

randomized controlled trials aimed at risk stratification of patients and development of severity­

based treatment algorithms are warranted.
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Introduction

Colorectal cancer is the third most commonly diagnosed cancer worldwide, and rectal 

cancer accounts for over one-third of cases, with an age-standardized incidence rate of 

7.7 per 100,000 [1]. Low anterior resection of the rectum with total mesorectal excision 

for the treatment of rectal cancer allows patients to avoid the permanent colostomy that 

is associated with an abdominoperineal resection [2]. However, a potential consequence 
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of this surgery is low anterior resection syndrome (LARS). The prevalence of LARS is 

high, with approximately 80–90% of individuals who undergo sphincter-preserving surgery 

experiencing varying degrees of severity [3].

LARS is difficult to fully define but consists of any altered defecation status occurring 

after an anal sphincter-preservation operation for rectal cancer. Symptoms include fecal 

incontinence, urgency, and incomplete evacuation. Short-term symptoms (resolution within 

6–12 months after anal sphincter-sparing surgery) are usually due to short-lived neorectal 

irritability in the postoperative period. Long-term symptoms of LARS (extending more than 

12 months after surgery) are more likely due to permanent changes [4]. Around 46–49% of 

patients who undergo anal sphincter-sparing surgery still experience symptoms of LARS at a 

follow-up period of 11.1–14.6 years [5–7].

Clinical Manifestations

There are two categories of LARS. The first consists of fecal urgency, incontinence, and 

increased frequency. The second category involves constipation, feelings of incomplete 

evacuation, and bowel-emptying difficulties. Some patients report features of both 

categories, either alternating between the two patterns or experiencing both simultaneously.

Quality of Life

Types of bowel dysfunction that have been found to majorly impact quality of life include 

fecal incontinence, increased bowel frequency, clustering (i.e., a bowel movement within 

1 h of the last bowel movement), and urgency [4, 8]. For this reason, the LARS score 

places heavier weights on clustering and frequency. A multicenter European study of 1061 

patients showed a correlation between decreasing quality of life and higher LARS score, 

especially if diarrhea-predominant LARS was reported [9]. However, even though patients 

with minor LARS (as defined by the LARS score detailed in a later section) were found 

to have a significantly worse quality of life than those with no LARS, the differences were 

too small to be considered clinically relevant. Patients with major LARS were found to have 

a clinically and statistically significant worsened quality of life compared with those with 

minor or no LARS, so the former is a group that should be targeted and followed closely for 

management.

Risk Factors

Neoadjuvant and adjuvant radiotherapy have consistently been shown to be risk factors 

for LARS, especially major LARS, even in those with a larger remnant rectum [10–12]. 

Radiation is thought to lead to poorer rectal compliance and thus increased frequency and 

urgency, with a study showing that radiation combined with total mesenteric excision was 

associated with a higher frequency of defecation and significantly reduced rectal compliance 

at 4 and 12 months postoperatively compared with total mesenteric excision alone [13].

Low tumor height and thus low anastomotic height are also associated with postoperative 

development of LARS, with a 46% risk of major LARS in those with < 4 cm of remnant 

rectum compared with 10% risk in those with ≥ 4 cm of remnant rectum [10, 11]. A total 

mesenteric excision at the time of the low anterior resection is an independent risk factor for 
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LARS (2-fold increased odds), although this may be related to low anastomotic height [14, 

15]. Lastly, a complication of the anastomosis, such as an anastomotic leak, has been found 

to be associated with 3.5-fold increased odds of major LARS [14, 16].

There has been conflicting evidence with regard to age and the risk of major LARS. One 

study found that having anal sphincter-sparing surgery at the age of 70 was associated with 

increased odds of major LARS [5], while other studies did not find any association between 

age and risk of major LARS [10, 16]. There is no known association between gender and 

development of LARS [10].

Etiology

Normal Physiology

The anal sphincter is extremely important for fecal continence, and the internal anal 

sphincter (IAS) is responsible for 55– 75% of resting anal tone [17, 18]. The conjoint 

longitudinal muscle, an extension of the rectal longitudinal muscle, penetrates into the 

external sphincter and fixes the anorectum to the pelvis [19–21]. During defecation, the 

conjoint longitudinal muscle and the rectococcygeus muscle, a strong smooth muscle on 

the dorsal side of the rectum attached to the coccyx, contract to shorten the anal canal and 

rectum and assist in fecal evacuation [22]. The efferent and afferent visceral nerve supply 

to the rectum and the IAS comes from the inferior hypogastric and, subsequently, the rectal 

plexus. The nerve branch to the rectal wall runs below the peritoneal reflection, and the 

nerve branch to the IAS runs along the levator ani muscle and enters at the dentate line [23].

During the basal phase, the rectum is mostly empty and may contain a small amount of feces 

without conscious awareness. Defecation is thought to be initiated by a colonic contraction 

that delivers fecal material into the rectum, causing an urge to defecate [24]. When the 

intrarectal pressure increases due to the accumulation of feces, the IAS relaxes an automatic 

process that is termed the rectoanal inhibitory reflex. If it is not a suitable time to defecate, 

the external anal sphincter and pelvic floor muscles contract voluntarily, and the rectum 

performs periodic retrograde motor propagation in order to decrease intrarectal pressure and 

delay defecation [25, 26].

Pathophysiology

The exact etiology of LARS remains unclear. Fecal incontinence may result from direct 

structural damage to the IAS during intersphincteric resection or secondary damage by 

insertion of an anastomotic device via the anus during the low anterior resection [27]. 

Damage to the function of the IAS may also be caused by damage to its nerve supply, 

especially if the surgical approach reaches the posterolateral side of the prostate (in men) 

where both the sympathetic and parasympathetic nerve fibers enter the rectal wall [23, 28]. 

A cohort study of 21 patients undergoing a low anterior resection measured resting IAS 

pressures before and after surgery and found that those with lower postoperative resting 

pressures more frequently had LARS, supporting the notion that fecal incontinence related 

to IAS damage may be associated with the etiology of LARS [29].
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The conjoint longitudinal muscle can also be damaged during the surgical dissection of 

the intersphincteric space during a low anterior resection. Additionally, the rectococcygeus 

muscle is often divided to obtain a sufficient horizontal margin anally, thus damaging 

the function of the rectococcygeus muscle [23]. Both can impair the functional role of 

shortening the rectum during fecal evacuation. Furthermore, curative resection of rectal 

cancer requires removal of most of the rectum, which reduces the fecal continence that the 

rectum provides [23].

Poor compliance due to loss of rectal volume may lead to an increased, false urge to defecate 

and a reduction in maximum tolerable rectal volume after low anterior resection. In the 

aforementioned cohort study of 21 patients, there was a correlation between the length of the 

remaining rectum and the ratio of postoperative to preoperative maximum resting pressure, 

suggesting that the lower the resection, the more incontinence a patient would exhibit [29]. 

Another study of 232 patients found that a worsened ability to differentiate flatus from 

feces was associated with decreased anal verge-anastomotic distance [30]. One study of 

32 patients found improved outcomes in those patients with ≥ 4 cm of remaining rectum, 

including retention of the rectoanal inhibitory reflex and increased rectal capacity, compared 

with those with < 4 cm of remaining rectum [31]. Finally, a study of 30 patients performed 

rectal volumetry and symptom scoring prior to and 12 months after surgery and found that 

patients with a low anastomosis had a lower maximum tolerable volume and reported more 

problems with complete bowel emptying compared with those with a high anastomosis [13]. 

However, the physical form of the neorectum has not been strongly associated with LARS, 

as efforts to reduce symptoms by creating a colonic J-pouch or side-to-end anastomosis have 

not consistently shown benefit (Fig. 1) [32]. Longer term data are needed to help support the 

creation of a J-pouch, which is often employed in clinical practice.

The rectoanal inhibitory reflex is mediated by the extrinsic nerves from the spinal cord, 

which can also be damaged during a low anterior resection, leading to bowel dysfunction 

[33, 34]. A study of 18 patients found that loss of the recto-anal inhibitory reflex was 

an independent predictor of poor function at 12 months after low anterior resection 

[35]. Additionally, during the total mesorectal excision of a low anterior resection, the 

nerve supply to the rectum and IAS are at high risk of damage [36]. One study of 23 

patients divided those who underwent a low anterior resection into those with and without 

postoperative incontinence and found a decrease in sensitivity in the lower anal canal at the 

dentate line in those with incontinence, which may be related to nerve damage [37]. Spastic 

hypermotility of the neorectum, which may be associated with extrinsic denervation [38, 

39], has been correlated with degree of defecatory urgency [40]. Additionally, major LARS 

has been associated with a significant increase in postprandial pressure in the neorectum, 

suggesting that LARS may be caused by changes from neural damage [41].

Management

Testing

Two validated patient questionnaires can be used to evaluate for LARS. The Memorial 

Sloan Kettering Cancer Center Bowel Function Instrument (MSKCC-BFI) is an 18-item 

validated scoring instrument created in 2004 that can be used to evaluate bowel function 
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after sphincter-preserving surgery [42]. The instrument surveys factors surrounding diet; 

number, form, quality, and timing of bowel movements; sensation of flatus; anti-diarrheal 

medication usage; and fecal incontinence in the previous 4 weeks. Scores range from 18 to 

90, with higher scores indicating better levels of bowel function.

A second scoring system, the LARS score, is a 5-item validated questionnaire created 

in 2012 by Emmertsen et al. in a Danish population that assesses for bowel function 

after sphincter-preserving surgery for rectal cancer (Table 1) [8, 43, 44]. The LARS score 

covers incontinence of flatus, incontinence of liquid stools, frequency of bowel movements, 

clustering of stools, and urgency. The score ranges from 0 to 42, with 0–20 signifying no 

LARS, 21–29 signifying minor LARS, and 30–42 signifying major LARS. Those with a 

score ≥ 30 (major or severe LARS) were found to have a major impact on their quality 

of life. The LARS score has since been validated in several languages, including English, 

Chinese, Lithuanian, Swedish, Spanish, and German [43–48]. This scoring system can be 

used to stratify patients based on the severity of their symptoms in order to guide therapy. 

The MSKCC-BFI allows for a more comprehensive and thorough evaluation of LARS but 

may be of less practical use in a clinical setting compared with the LARS score due to the 

length of the questions and the tedious nature of the MSKCC-BFI.

Anorectal manometry evaluates anal sphincter function and rectal capacity objectively and 

uses a balloon catheter and pressure sensor to record resting pressure, maximum squeezing 

pressure, rectoanal inhibitory reflex, rectal capacity, and compliance. Anorectal manometry 

is not required for the diagnosis of LARS but can be used to guide and monitor response 

to therapy [49]. The results of anorectal manometry have been found to be related to 

severity of symptoms based on the LARS score [50, 51]. A cohort study of 30 patients who 

underwent sphincter-sparing surgery for rectal cancer found that the anal resting pressure 

and maximum tolerated rectal volume were lower after low anterior resection as compared 

with baseline values, with an absent rectoanal inhibitory reflex in 80% of patients at 1 month 

after surgery that correlated with severity of symptoms [51]. At 6 months postoperatively, 

the severity of symptoms as well as manometric parameters tended to recover. In another 

cohort of 83 patients, resting pressure, rectal sensitivity, and compliance were significantly 

lower in patients with major LARS compared with patients with minor or no LARS, 

confirming that manometry parameters correlate with severity of symptoms [50]. A study by 

Kakodkar et al. found that preoperative anorectal manometry results could not adequately 

predict postoperative occurrence of LARS, though absence of RAIR was associated with 

unsatisfactory outcome in multivariate analysis [35].

Endoscopic rectal ultrasound can be used to assess the structure of the sphincter complex 

and pelvic floor. A study of 20 patients who underwent transanal total mesenteric excision 

for rectal cancer performed endoscopic ultrasound six to 36 months after surgery to evaluate 

the sphincter muscles [52]. Four patients (20%) were found to have a partial laceration of 

the internal anal sphincter, and five had increased or decreased puborectal angulation in the 

evacuation movement. However, numbers were too small to predict major LARS, as only 

10% reported major symptoms 1 year after surgery.
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Fecoflowmetry is a useful tool for assessing postoperative anorectal motor function by 

studying the fecal flow rate (the product of rectal detrusor action against anorectal outlet 

resistance) through recorded curves representing the changes that occur in flow against time 

[53]. While monitoring anorectal pressure, 1000 mL of normal saline enema (simulating 

diarrheic stool) is administered to an individuals in the left lateral position. Additional saline 

is then given until no longer tolerable. The individual is then asked to hold the enema as 

long as possible. When no longer possible, the individual is placed on a fecoflowmeter 

commode and asked to defecate. The defecated volume, flow time, mean and maximum 

flow rates, and time to maximum flow are then reported in order to obtain a defecation flow 

curve. Fecoflowmetry has been found to be comparable with symptom severity scores and 

anorectal manometry in evaluating anorectal motor function in postoperative patients [54].

Therapy

First-line therapy for LARS includes dietary modifications, fiber, and constipating agents 

(Fig. 2). It is recommended to avoid foods that may soften stools, such as caffeine, citrus, 

spicy foods, and alcohol, and increase dietary fiber (e.g., methylcellulose) [55–57]. In 

the Nurses’ Health Study of 58,330 women (7056 incident cases of fecal incontinence), 

women in the highest quintile of fiber intake (25 g/day) had an 18% decrease in risk 

of fecal incontinence compared with those in the lowest quintile of fiber intake (13.5 g/

day; adjusted hazard ratio, 0.82; 95% confidence interval, 0.76–0.89) [58]. The impact of 

fiber supplementation was greatest with liquid stool fecal incontinence, in which women 

with the highest intake of fiber had 31% lower risk of fecal incontinence compared with 

women with the lowest fiber intake. Medication therapy is mostly comprised of those that 

prevent excess motility of the colon. Antidiarrheals, such as loperamide and atropine, may 

be used to reduce colonic motility and possibly increase IAS tone. A 5-HT3 antagonist, 

such as ramosetron, may reduce bowel frequency and urge fecal incontinence and strong 

postprandial contractions of the neorectum [59].

Large volume enemas are also recommended as first-line therapy for LARS, especially if 

major LARS is reported. Transanal irrigation has been found to improve the LARS score, 

fecal incontinence, defecatory urgency, and reduce bowel frequency [3, 60]. This effect 

is partly due to a simple mechanical wash-out effect that allows time before the patient 

has further need to evacuate. In addition, the regular management of bowel function may 

rehabilitate colonic motility, as enemas above 250 mL have been found to generate colonic 

mass movements and other colonic functional responses [61, 62]. A randomized controlled 

trial of 23 patients found that transanal irrigation significantly improved major LARS in 

80% of patients, while pretibial nerve stimulation improved LARS in only 38% [63].

If one continues to have major LARS despite the above therapy for > 6 months, the second­

line approach is pelvic floor rehabilitation (Kegel exercise training and anal sphincter 

exercise training) with biofeedback training. Pelvic floor rehabilitation has been reported to 

be effective in improving fecal incontinence, stool frequency, and quality of life [64, 65]. In 

a retrospective analysis of 61 patients with LARS, biofeedback therapy was associated with 

significant improvements in incontinence scale scores, number of daily bowel movements, 

and anorectal manometry data (maximum resting pressure, maximum squeeze pressure, 
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and rectal capacity) [66]. A single-center randomized controlled trial in China found that 

biofeedback training with pelvic floor muscle exercises had higher MSKCC-BFI scores 3 

months postoperatively compared with pelvic floor muscle exercises alone and controls [67].

If a patient fails first- and second-line therapy for major LARS after 1 year, sacral nerve 

stimulation is recommended [3]. The mechanism of sacral nerve stimulation is thought 

to be via the afferent nerves from the anorectum and central levels, decreasing antegrade 

colonic motility and increasing retrograde activity [68, 69]. FDA approved for use in 

refractory fecal incontinence, it may help improve the function of the remaining bowel 

in this patient population. Implantation is a two-stage procedure, with a diagnostic phase 

and permanent implantation phase [70]. In the diagnostic phase, a quadripolar electrode is 

implanted after finding a very satisfactory S3 response with corresponding toe twitch. After 

subcutaneous tunneling of the electrode to the gluteal pocket site of the neurostimulator, an 

external stimulator is connected, and stimulation is set at a sensory threshold. Patients then 

complete a bowel diary over a 2-week test stimulation period, and permanent implantation 

is considered for patients with > 50% improvement in fecal incontinence. Croese et al. 

demonstrated at least a 75% improvement in fecal incontinence, even in patients previously 

unresponsive to biofeedback.

Patients with more persistent or intractable symptoms and/or impaired quality of life from 

major LARS beyond 2 years of therapy may require a definitive stoma, typically permanent 

colostomy [3, 71]. Previous studies demonstrate that creation of a permanent stoma for 

bowel dysfunction occurs in 1.8–3.2% who undergo anal sphincter-sparing surgery [72, 73].

Conclusions

LARS is a syndrome of altered bowel function, commonly including fecal or gas 

incontinence, urgency, clustering, and frequency, that occurs after anal sphincter-sparing 

surgery for the treatment of rectal cancer. The prevalence of LARS after low anterior 

resection is high at 80–90%, and of those that develop major LARS, nearly half continue to 

report major symptoms at follow-up over 11 years later. Given the high correlation between 

major LARS and poor quality of life, these patients should be followed closely. Treatment 

algorithms have been suggested and include conservative therapies, biofeedback, and sacral 

nerve stimulation. However, randomized controlled and longer trials are needed to better 

target the needs of these patients.
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Fig. 1. 
a Colonic J-pouch fashioned from the sigmoid colon to form the proximal portion of the 

coloanal anastomosis. b End-to-end anastomosis between the sigmoid colon and the anal 

canal following a very low anterior resection of the rectum
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Fig. 2. 
Treatment algorithm for low anterior resection syndrome
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