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Abstract: Introduction — Low anterior resection syndrome (LARS) is a socially significant problem that impedes social adaptation and 
contributes to deterioration of life quality in patients. 
The objective of this study was to search for the category of patients most prone to major LARS, as well as to identify the factors 
determining the severity of this syndrome manifestations. 
Material and Methods — Systematic review and meta-analysis were performed according to the guidelines of Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA). The study selected publications that included the functional results of treatment of 
patients operated for rectal cancer. Functional impairments were assessed according to the international LARS Score. Statistical analysis 
was performed using the inverse-variance weighted average method (IVW) with calculation of the odds ratio logarithm and standard error 
of the mean. 
Results — After a critical search and analysis of all literature sources, eight studies were found suitable for meta-analysis. In total, 1042 
patients (796 men and 246 women) were included into statistical analysis, 409 of which (39.2%) had symptoms of major LARS. 
Chemotherapy was performed on 637 (62.5%) patients, while 568 subjects (55.5%) underwent radiation therapy, and anastomotic leaks 
were described in 89 (8.5%) people. According to the results of the meta-analysis, statistically significant factors were: preventative ostomy 
(OR=3.32, 95% CI 1.99-5.55, p<0.00001), chemotherapy (OR=1.98, 95% CI 1.23-3, 19, p=0.005), radiation therapy (OR=5.00, 95% CI 2.73-
9.13, p <0.00001), anastomotic leaks (OR=2.93, 95% CI 2.30-3, 73, p<0.00001), anal verge distance from anastomosis site (OR=2.61, 95% CI 
1.47-4.62, p=0.001).  
Conclusion — The results of our meta-analysis allowed us identifying the group of rectal cancer patients most vulnerable to LARS. The risk 
of developing severe functional disorders is significantly higher in patients with low colorectal anastomosis, as well as in patients 
undergoing neoadjuvant radiation therapy. 
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Introduction  

Low anterior resection syndrome (LARS) is a multifactorial 
complex of symptoms, characterized by frequent bowel 
movements (up to 6 times a day, or more), prolonged and 
incomplete bowel movements, urgent urge to defecate and anal 
incontinence of varying severity, resulting from the loss of 
reservoir and evacuation function of the rectum after surgery [1, 
2]. 

The incidence of LARS after low anterior rectal resection varies 
from 25 to 90% [1]. This problem leads to a deterioration in the 
quality of life and impedes the social adaptation of patients, while 
their quality of life directly depends on the severity of LARS [3]. 

Despite the complexity of the syndrome and the severity of its 
manifestations, a scale for assessing the severity of low anterior 
resection syndrome (LARS score) was developed to standardize 
and objectify the loss of quality of life, which was validated in 
Russia as well [4]. 

Considering that functional impairments after low anterior 
rectal resection are caused by the loss of a functionally significant 
part of the rectum, theoretically, a minor LARS is a natural and 
somewhat expected result, which could be evaluated as 
satisfactory. That is why, in order to exclude unobvious 
consequences, the area of our scientific interests was focused 
upon the risk factors for the development of major LARS. 
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Figure 1. Systematic literature search flowchart 

 

Since almost every patient encounters the problems of 
impaired evacuation function after low anterior rectal resection 
(LAR), it seems relevant to search for the category of patients most 
prone to major LARS, as well as to search for factors that 
determine the severity of manifestations of this syndrome. 

Due to the prevalence and urgency of the problem, the 
number of studies, devoted to identifying risk factors for LARS, is 
growing; accordingly, we conducted a systematic review and 
meta-analysis of the published data on risk factors for this complex 
of symptoms. 

 

Material and Methods 

The systematic review and meta-analysis were performed 
according to the guidelines of Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) [5]. 

Publications for analysis were searched for in the electronic 
databases Medline and E-library using the following keywords: 
«low anterior resection syndrome», «LARS», «colorectal cancer», 
«rectal cancer», «colorectal surgery», «fecal incontinence», 
«functional outcomes». Studies, dedicated to the analysis of risk 
factors for low anterior resection syndrome, published in Russian 
and English languages, were selected for the meta-analysis 
without restrictions on the date or status of publication. After 
compiling the request, we found 105 articles in the PubMed 
database. No articles matching the inclusion criteria were found in 
the E-library database. At the next stage of the search, we 
excluded literature reviews, non-original articles, which resulted in 
90 original studies. At the third stage of our search, a critical 
analysis of discovered sources was carried out, as a result of which 
eight full-text studies were selected as suitable for the meta-
analysis goal. Functional impairments were assessed in accordance 
with the international LARS Score. A systematic literature search is 
presented in Figure 1. 

 

Statistical analysis 

Statistical analysis was performed using the free-of-charge 
Review Manager 5.3 software for MacOS. For binary values, the 
odds ratios were calculated using the Peto method. Taking into 
account that not all studies presented binary values, the analysis 
was carried out by the inverse-variance weighted average method 
(IVW) with calculation of the odds ratio logarithm and standard 
error of the mean.  

 

Evaluating quality of studies included into meta-analysis 

All studies included in the analysis were reviewed according to 
the Newcastle-Ottawa Scale (NOS) system for assessing the quality 

of comparative studies [6] (Table 1). The publications included in 
the meta-analysis corresponded to indicators of 7 stars and above, 
which suggested high quality of selected studies. It is important to 
note that all of the studies selected were retrospective, which is 
typical of factor analysis. 

 

Results 

All selected studies included the data on cumulative amount of 
1042 patients operated for rectal cancer: 796 men and 246 
women, 409 (39.2%) of which had symptoms of major LARS. 
Chemotherapy was performed on 637 (62.5%) patients, while 568 
(55.5%) underwent radiation therapy, and postoperative 
complications in the form of anastomotic leaks were described in 
89 (8.5%) people.  

 

Gender 

In all eight studies, the effect of gender on the risk of major 
manifestations of LARS was assessed. Despite the obvious bias in 
favor of men in the studies included into our meta-analysis, there 
were no statistically significant gender-based differences in the 
risk of developing a major LARS (OR=1.04, CI 0.74-1.47, p=0.82) 
(Figure 2). 

 

Age 

Age as a risk factor for a major LARS was analyzed in seven 
studies. There were no significant differences at the cut-off level of 
70 years of age during the meta-analysis (OR=0.99, 95% CI 0.95-
1.02, p=0.44) (Figure 3). 

 

Body mass index 

Body mass index (BMI) was assessed in three studies [7,9,14]. 
An elevated body mass index was not associated with the risk of 
developing a major LARS. (OR=0.99, 95% CI 0.90-1.08, p=0.80) 
(Figure 4). 

 

Preventative ostomy 

The factor of preventative ostomy in the occurrence of a major 
LARS was analyzed in eight studies. The meta-analysis showed that 
the formation of a preventative stoma was associated with a 
three-fold increase in the risk of developing severe functional 
problems after the surgery (OR=3.32, 95% CI 1.99-5.55, 
p<0.00001) (Figure 5). 

 

Chemotherapy 

In 7 out of 8 studies, the effect of chemotherapy on the risk of 
a major LARS development has been studied [7,8,10-14]. As the 
meta-analysis results implied, chemotherapy increased two-fold 
the risk of major LARS symptoms (OR=1.98, 95% CI 1.23-3.19, 
p=0.005) (Figure 6). 

 

Radiation therapy 

In all eight studies, the role of radiation therapy in the 
occurrence of functional problems was investigated. Radiation 
therapy significantly increased the risk of functional problems after 
the treatment (OR=5.00, 95% CI 2.73-9.13, p<0.00001) (Figure 7). 
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Table 1. Characteristics of studies included in the meta-analysis 

Author Year Country Type Median value Quality score N Major LARS (n) 

Lai S. [7] 2018 China Retrospective 40.2 mo. 7 220 119 
Ekkarat P. [8] 2018 Thailand Retrospective 12 mo. 8 129 23 
Wierdak M. [9] 2018 Poland Retrospective 6 mo. 7 56 15 
Jiménez-Rodríguez R.M. [10] 2017 Spain Retrospective 23.60±16.73 8 150 42 
Nuytens F. [11] 2018 Germany Retrospective 38 mo. 7 100 51 
Jimenez-Gomez L.M. [12] 2017 Spain Retrospective none 7 184 104 
Hughes D.L. [13] 2017 Germany Retrospective none 7 68 38 
Hain E. [14] 2017 France Retrospective 27 7 135 17 

 

 
Figure 2. Gender as a risk factor for LARS. 

 

 

Figure 3. Age as a risk factor for LARS. 

 

Anastomotic leaks 

The influence of anastomotic leaks on functional 
consequences has been assessed in five studies [7, 11-14]. This 
complication was a statistically significant risk factor for a major 
LARS (OR=2.93, 95% CI 2.30-3.73, p<0.001) (Figure 8). 

 

Anal verge distance  

Seven studies [7-9, 11-14] evaluated the effect of the distance 
between the anastomosis site and the anal verge on the risk of 
symptoms of LARS. In patients with anastomosis located below 5 
cm from the outer edge of the anal canal, the functional results 
were 2.6-fold worse (OR=2.61, 95% CI 1.47-4.62, p=0.001) (Figure 
9). 

 

Anastomosis type 

Two studies [11, 14] compared the effect of a side-to-end 
anastomosis with an end-to-end anastomosis on functional 

outcomes. However, no statistical significance was obtained 
(OR=1.81, 95% CI 0.55-5.92, p=0.33) (Figure 10). 

 

Timing of stoma closure  

In three studies [7, 12, 13], the effect of the timing of stoma 
closure on functional results was assessed. The timing of 
reconstructive surgery exceeding 6 months was not associated 
with the risk of developing a major LARS, and when comparing 
these studies, we did not obtain any statistical difference 
(OR=1.02, 95% CI 0.91-1.14, p=0.79) (Figure 11). 

 

Discussion 

Low anterior resection syndrome is a socially significant 
problem that leads to disability and a deterioration in the patient 
quality of life [3, 14]. The identification of risk factors for LARS is 
currently a relevant and promising course of research, which 
directly affects the growing number of studies dedicated to this 
problem. 
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Figure 4. BMI as a risk factor for LARS. 

 

 

Figure 5. Preventative ostomy as a risk factor for LARS. 

 

 

Figure 6. Chemotherapy (CT) as a risk factor for LARS. 

 

According to the meta-analysis results, radiation therapy 
adversely affects the severity of LARS manifestations (OR=5.00, 
95% CI=2.73-9.13, p<0.001), regardless of the characteristics of the 
surgical intervention, having a direct effect on functional outcomes 
of the treatment. For example, 33 non-operated patients with 
complete response after radical dose of chemoradiotherapy for 
malignant rectal neoplasms were involved in a study by Van Der 
Sande, et al. [15]. Two years after the treatment, 11 patients had 
pronounced manifestations of the syndrome of low anterior 
resection (30-39 points), and 10 patients had minor LARS (21-29 
points). 

The influence of body mass index on the functional results of 
sphincter-preserving treatment was not confirmed in the process 
of meta-analysis. However, this factor was described as significant 
in some publications: for example, in the study by Bohlok et al. 
[16], which included 43 patients after low anterior resection with a 
total mesorectal excision, 31 (72.1%) had signs of severe functional 
impairment, while BMI> 30 kg/m

2
 was the only statistically 

significant risk factor for major LARS (p=0.047), which, 

nonetheless, could be detected due to a small sample size of 
patients in that study. 

Almost all authors of the studies included in our meta-analysis 
distinguished the factor of preventative ostomy as unfavorable in 
terms of functional results. Similarly, in the meta-analysis by Keane 
et al. [17], summarizing the results of treating 227 patients from 
four studies (three of which were randomized), compared bowel 
function and quality of life in patients after LAR with and without 
formation of a temporary stoma. According to the results of our 
meta-analysis, ileostomy was associated with a two-fold risk of 
developing LARS (OR=1.96, 95% CI 1.1-3.5, p=0.02). It is important 
to note that our study has also assessed an impact of the stoma 
closure timing. With an average follow-up of 50 months, there 
were no statistically significant differences in quality of life in the 
patients with an early closure (two weeks) and conventional 
closure (LARS 73% versus 60%, p=0.3). No statistical significance 
for the factor of the stoma closure timing was established by our 
meta-analysis (OR=1.02, 95% CI 0.91-1.14, p=0.79). 
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Figure 7. Radiation therapy (RT) as a risk factor for LARS. 

 

 

Figure 8. Anastomotic leaks as a risk factor for LARS 

 

 

Figure 9. Anal verge distance from anastomosis as a risk factor for LARS 

 

 
Figure 10. Anastomosis type as a risk factor for LARS 

 

 

Figure 11. Timing of stoma closure as a risk factor for LARS 
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We think that the factor of preventative stoma formation 
should be considered in combination with other significant risk 
factors for functional loss after low anterior rectal resections. 
Thus, in the meta-analysis published by Croese et al. [18], 
summarizing the results of 11 studies, a comprehensive analysis of 
the LARS prevalence of varying severity and a systematic review of 
the literature dedicated to the search for LARS risk factors were 
carried out. The prevalence of major LARS was found at the level 
of 42% (95% CI 35-48), while a systematic review of risk factors 
showed that radiation therapy and the distance between the 
tumor site (and, consequently, anastomosis site) and the anal 
verge were the most frequently detected and significant risk 
factors for the development of a major LARS, whereas the 
negative impact of preventative ileostomy was demonstrated in 
just four of eleven studies [18]. Despite the lack of statistical 
processing of the resulting risk factors, the outcomes of the meta-
analysis by Croese A.D. et al. were supported by our findings, 
which implied the reproducibility of our data. 

It is worth noting that preventative ostomy reduces the 
severity of the clinical manifestations (rather than just the 
incidence) of hypothetical anastomotic leaks [19]. Clinical 
anastomotic leaks, as a factor, were evaluated in the study by Hain 
et al., which included 46 patients after laparoscopic LAR with 
anastomotic leaks. Statistically significant differences were 
obtained for the major LARS incidence between the group of 
patients with clinically significant (44%) and clinically insignificant 
(17%) anastomotic leaks (p=0.04) [14]. According to our data, 
anastomotic leaks were associated with an almost threefold 
increase in the risk of functional problems, which confirmed the 
indirectness of the preventative ostomy factor. 

Thus, the problem of unsatisfactory functional results after 
surgery for rectal cancer remains largely unresolved. Investigation 
of risk factors and prediction of possible functional problems could 
reduce LARS incidence by rejecting sphincter-preserving surgeries 
in patients with obvious unfavorable functional results, and would 
also allow identifying a promising group of patients for the 
implementation of rehabilitation program. Battersby N.J. et all [21] 
presented the first online tool for the preoperative prediction of 
post-operative functional disorders. This tool is an online 
calculator; it consists of six items, accounting for age, gender, 
partial or total mesoretal excisiondistance of a tumor site from the 
anal verge, the presence of a stoma, and radiation therapy. After 
entering the data, the program calculates the number of predicted 
points on the LARS Score. 

 

Conclusion 

The results of performed meta-analysis permitted to identify 
the most vulnerable group of patients with rectal cancer and a 
prospect to undergo low anterior rectal resection. The risk of 
severe functional impairment was significantly higher in patients 
with low (<5 cm from the anal verge) colorectal anastomosis, as 
well as in patients undergoing neoadjuvant radiation therapy. The 
issue of choosing the scope of surgical treatment in this category 
of patients should be discussed more scrupulously, followed by the 
development of an individual program of functional rehabilitation. 
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