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For many decades the main goal of oncologists was to increase life expectancy of pa-

tients with malignant tumors, without paying due attention to quality of life. Currently, the 
goals of patients’ treatment with rectal cancer are to cure, to minimize the risk of local re-
currence, preserve the normal course of intestine, to optimize it's function and to ensure 
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quality of life. For a long time, the standard surgical treatment of patients with low rectal 
cancer was abdominoperineal extirpation, but recently sphincterosafing operations have 
seen a widespread introduction in surgical practice. However, functional results after these 
types of operations don't always meet the expectations of surgeons and patients. In the post-
operative period, patients often develop a syndrome of low anterior resection, characterized 
by frequent bowel movements, repeated, prolonged and incomplete evacuation of bowel and 
the  imperative urge to defecate. The manifestation of this syndrome can significantly impair 
the quality of patient's life and reduce to nothing the efforts of the surgeon to preserve the 
sphincter of the rectum. For surgical correction of low anterior resection syndrome, various 
types of colonic reservoir anastomoses have been proposed. The purpose of formation of co-
lonic reservoirs is to increase the cumulative function of intestine. However, the existing 
methods have several disadvantages related to technical complications and the risk of devel-
oping evacuation dysfunction, which is the reason for search the new ways of optimization of 
anastomoses when performing sphincterotomy operations for cancer of the rectum. 

Keywords: colorectal cancer, sphincterosafing operations, low anterior resection syndrome, 
anastomosis. 
_____________________________________________________________________________ 
 

Until recently, abdominoperineal extir-
pation was the primary treatment for patients 
with tumor in middle and lower thirds of the 
rectum in colorectal surgery, but lately there 
is a trend to expand the indications for per-
forming sphincterosafing operations [1]. It 
has been proven that intramural spread of the 
tumor along the wall of the rectum in distal 
direction is less than 1cm, what was the 
background to revision of relations to distal 
resection line (1.5-2 cm instead of 5) [2-4]. 
More widespread use of sphincterosafing 
operations is made possible through the use 
of modern energy platforms for mobilization 
of removed preparation, the use of modern 
suturing devices and introduction of 
neoadjuvant radiotherapy, which reduce the 
size of the primary tumor [5-9].  

Performance of sphincterosafing opera-
tions is caused by desire of surgeons to keep 
the continuity of gastrointestinal tract, thereby 
improving the quality of patient´s life. How-
ever, this technique carries the risk of some 
perioperative complications. Moreover, the 
preservation of rectal sphincter doesn´t al-
ways provide satisfactory functional results. 

In this literature review we would like 
to elaborate on the pathogenetic aspects and 
techniques of surgical correction of functional 
disorders in performing sphincterosafing op-
erations for rectal cancer. 

The functional anatomy of the rec-
tum as the pathogenesis of low anterior re-
section syndrome 

Functional results of sphincterosafing 
operations depend on a number of factors: the 
original function of anal sphincter and pelvic 
muscles, quality of surgery, technology of 
anastomosis, patient´s age, etc. [10]. In func-
tional anatomy of the rectum there are two 
main components: the valve – a sphincter ap-
paratus that creates resistance at the exit and 
the reservoir, whose main functions are vol-
ume and extensibility [11]. The valve consists 
of external and internal sphincter muscles 
(mm. sphincter ani externus, internus); the 
muscles that raises anus (m. levator ani) and 
hemorrhoids. M. levator ani is formed by three 
muscles: puborectalis, pubococcygeal and 
iliococcygeal. The most important role in the 
functional relation is played by puborectalis 
muscle, forming the anorectal angle (120o). 
The flattening of this angle is the cause of in-
continence. The external rectal sphincter is 
formed by striated muscles from slow fibers, 
which aren´t prone to fatigue. It consists from 
three parts, forming a cuff around the middle 
and lower parts of the anal channel. The inter-
nal sphincter of the rectum is a continuation of 
the circular layer of the rectum. It provides 
50% of resting pressure in the anal channel 
and  is  responsible  for  recto-anal  inhibitory  
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reflex. The sphincter apparatus responsible for 
formation of the zone of increased pressure in 
the anal channel and performs the holding func-
tion. The internal sphincter is in a state of con-
stant tonic contraction, which is controlled by 
both external and internal nervous impulses 
[12]. The constant tonic activity of the external 
sphincter is maintained by nerve impulses from 
the S2 segment of the spinal cord. According to 
the literature, the internal sphincter provides 50-
60% of the resting pressure in the anal channel, 
puborectalis loop and the external anal sphinc-
ter is 20-30%, the hemorrhoidal "cushions" – 
15-20% of total control. Configuration of the 
anal channel plays an important role in main-
taining function of output resistance [13]. 

The feeling of desires on defecation is 
performed by extraintestinal afferent neurons, 
which are activated by mechanoreceptors of 
the distal rectal parts. Stretching of the rectal 
wall causes a reflex relaxation internal and 
contraction of external sphincters. In the mo-
ment of internal sphincter relaxation, intesti-
nal contents contact with the sensitive epithe-
lium of the anal channel to determine the na-
ture of intestinal contents. This continence is 
due to reflex contraction of the external 
sphincter. The reduction of the external 
sphincter can extend the period of retention of 
fecal masses and due to extensibility of the 
distal parts of colon walls to suspend the in-
creasing of intrarectal pressure. By equalizing 
the pressure gradient, the further stretching of 
the rectal wall and stimulation of mechanore-
ceptors doesn´t occur, sensation of urge to 
defecate passes. If the stretching of the rec-
tum continues, reflex relaxation of the exter-
nal sphincter occurs [14]. This phenomenon is 
called recto-anal inhibitory reflex (RAIR). 
Currently, it is believed that the RAIR is car-
ried out by intramural reflex arcs [15]. 

Thus, the holding mechanism of intesti-
nal contents is very complex. Causes of in-
continence can be caused by disorders from 
the "valve", "tank" and other reasons: 

 Valve: a defect of the sphincter, 
sphincter dysfunction, violation of the anal 
channel configuration: lack of the pubo-
rectalis function – a full incontinence; the de-
ficit of the external anal sphincter – violation 
of strong-willed control; the deficit of internal 

anal sphincter – a violation of fine-tuning; 
deformation as a keyhole – leakage of feces. 

 Tank: volume reduction after low 
anterior resection, radiоtherapy, tumors, stric-
tures, inflammation. 

 Diarrhea: irritable bowel syndrome, 
radiation proctitis, etc. 

The surgical injury of vegetative nerves 
also has negative impact on functional results 
in postoperative period [16]. Reflection of 
this is disappearance of RAIR [17,18]. 

Methods of surgical correction of 
functional disorders for patients with low 
rectal cancer 

In the surgical treatment of rectal cancer 
the following types of surgical interventions 
with different types of reconstructive tech-
niques are used: anterior resection with direct 
anastomosis, «J» rectal reservoir, coloplastic 
rectal reservoir, "side to end" anastomosis; 
intersphincteric resection, abdominoperineal 
extirpation of the rectum (standard/ 
extralevatory). The formation of low anasto-
moses became widespread after introduction 
in practice of surgeons "direct" colo-anale 
anastomosis for A. Parks [18] and modern 
stitching machines. However, this technique 
is associated with various types of defecation 
disorders: frequent (up to 6 times per day) 
acts of defecation; prolonged and incomplete 
emptying of the bowel; the imperative urge to 
defecate; the phenomenon of anal inconti-
nence. This syndrome is called "low anterior 
resection syndrome". The leading patho-
genetic link of these functional disorders is a 
partial or complete loss of the rectal ampoule 
with violation of its reservoir function.  

With the advent of interest in "low anteri-
or resection syndrome" problem, in the middle 
of 1980’s, the methods of prevention of this 
complication began to develop and various 
techniques of reservoirs were offered [20].  

In 1986, F. Lasorthes and R. Parc, inde-
pendently from each other, reported the first 
experience of formation of colonic reservoir 
in form of the latin letter "J". The efficiency 
of this method was proven in comparative 
study in a group of patients with «straight» 
anastomosis. According to results of the study 
was established that the minimum and maxi-
mum tolerated volume were higher in group 
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of patients with reservoir anastomosis, the 
frequency of defecation in patients with J-
anastomosis was rarer (1-2 times daily) than 
in patients with «straight» anastomosis (3 or 
more times a day). Based on this data, the au-
thor concluded that stool frequency is in-
versely proportional to the maximum carrying 
capacity and it depends on the size of the res-
ervoir construction [21]. However, in this 
work the extensibility of intestine down load-
ing wasn't investigated.  

In 1980, works on studying rectal 
distensibility was started. According to the 
researches, some authors (H. Suzuki, et al.), 
who studied this function in patients with 
«straight» anastomosis, the figures obtained 
remained fairly low in the next and late post-
operative period [22-26].  

When studying the adaptive functions 
of the colon wall of "J"-reservoir, data of 
most studies suggest that the rates of expan-
sion was closer to the physiological norm 
about a year after the closure of preventive 
stoma [26-28]. The results of the work of 
many authors indicate that the frequency of 
anal incontinence in patients with a «straight» 
anastomosis is higher than in patients with 
reservoir anastomosis [29-31]. 

One of the problems of reservoir con-
structions was the problem of evacuation dys-
function. The first experience in formation of 
reservoirs shows, that 25-50% of patients had 
problems with bowel movement [26,32,33]. 
The reason for this was the size of the reser-
voir. At comparative assessment of evacua-
tion abilities in patients with short (5 cm) and 
"long" (10 cm) reservoirs, it was proven that 
patients with shorter reservoir have fewer 
evacuation disorders [34]. Thus, reducing the 
size of the reservoir made it possible to 
achieve the best functional results. 

One of the advantages of the "J"-
reservoir is the lower frequency of the lack 
anastomosis stitches, due to a better blood 
supply anastomosing site (while the wall of 
intestine down loading in the area of the 
«straight» anastomosis are more prone to is-
chemia), and filling "dead" space of pelvis of 
reservoir construction [35]. 

The disadvantage of the "J"-reservoir is 
a great size that creates problems with down 

loading, especially in narrow pelvis and the 
presence of distinct mesentery in sending 
down intestine [36,37]. 

In 1999, K. Z'graggen, et al. developed 
a new method of recreating the missing am-
poule of the rectum. The researchers formed 
the one-loop reservoir by a longitudinal inci-
sion, and then cross sewing together of the 
reduced gut by continuous suture. Depending 
of the colon diameter, the length of the inci-
sion was 7-9 cm. According to C.J. Brown, he 
had the following advantages: compactness, 
ease of sending down in conditions of small 
pelvis and in patients with a short mesentery 
of the colon [30]. However, according to most 
studies, there was statistically significant dif-
ferences in functional performance compared 
with "J" reservoir [38,39].  

Alternative version of the previously 
proposed structures is "side to end" anasto-
mosis, first described by J.W. Baker in 1950 
[40]. The advantages of "side to end" anasto-
mosis are the technical simplicity of for-
mation, reducing the frequency of symptoms 
of incontinence, the ability to use in narrow 
pelvis and reduce the risk of lack anastomosis 
stitches due to better blood supply of anasto-
mosing sites. According to a meta-analysis of 
Cochrane, in five randomized studies compar-
ing the results of forming "J""-reservoir and 
"side to end" anastomosis, there were no sta-
tistically significant differences in relation to 
immediate and remote results. 

In 2015 were published the results of 
prospective randomized study conducted in 
"State scientific center of Coloproctology af-
ter A.N. Ryzhikh" that compared the efficien-
cy of "side to end" anastomosis and "straight" 
anastomosis according tо functional results of 
physiological studies and quality of patient´s 
life. The study included 80 patients (40 in the 
main and control groups). Based on the re-
search results, the authors came to the conclu-
sion that the functional results after low ante-
rior resection with "side to end" anastomosis 
is better than "straight" in relation to severity 
of incontinence according Wexner´s scale. 
This fact was also confirmed by the data of 
physiological studies: "side to end" anasto-
mosis provides the best performance in terms 
of average constant urge to defecate and max-
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imum carrying capacity. According to the re-
sults of the FIQL questionnaire, the quality of 
patient´s life with "side to end" anastomosis is 
better than those with «straight» [41]. 

Conclusion 
Thus, according to most authors, the 

functional results of patients with "side to 

end" anastomosis was better than in patients 
with "end to end" anastomosis. But currently 
remain many questions about this technique 
of surgery, and functional results don’t al-
ways fully meet the demands of doctors and 
patients. These circumstances serve as the 
basis for further researches. 
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