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ABSTRACT

Low anterior resection syndrome is a common problem due to the increased incidence of rectal cancer and the high incidence
of anorectal dysfunction during sphincter-preserving surgical interventions. The influence of functional disorders on the quality
of life of patients and changes in social adaptation makes it possible to attribute the syndrome of low anterior resection to
topical and discussed issues.

Purpose of the study: to consider the features of the development of anorectal dysfunction in patients with rectal cancer by
studying risk factors and pathogenetic aspects of the development of low anterior resection syndrome, as well as to evaluate
the role of objective studies in assessing the syndrome according to published literature.

The etiology of low anterior resection syndrome is multifactorial. Unmodified and modified predictors are distinguished among
the risk factors. Unmodified factors include female gender and age over 65 years. Among the modifiable predictors, radiation
therapy, surgical intervention, the type of formed colorectal anastomosis and the development of its insolvency, as well as
the elimination of intestinal stoma have a negative effect on anorectal function. Nevertheless, the greatest role in its develop-
ment is played by organ-preserving surgery with total mesorecumectomy, radiation therapy and the formation of a preventive
ileostomy. The complexity of the pathophysiological mechanism of the syndrome necessitates a detailed study of anorectal
function and changes in its parameters in patients during treatment for rectal cancer. Functional disorders in low anterior
resection syndrome vary in severity. In the study of the severity of clinical manifestations of the syndrome, the use of the LARS
scale is important, and in the development of anal incontinence, the use of the Wexner scale is important. However, the most
accurate assessment can be carried out by objective research methods, such as high-resolution anorectal manometry. This
research method allows to control the function of the rectal obturator apparatus at different stages of combined treatment
and unwraps the possibility of searching for new predictors of low anterior resection syndrome.
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3.1.6. OHKonorus, nyyesas Tepanus

0b30P

CHHPOM HIU3KOW NEPEAHENA PE3EKLIMM M METO/1bI ETO OLIEHKM (OB30P JIUTEPATYPbI)

0. K. bonpapenko™, 10. A. leBopksH, H. B. Congatkuna, M. A. l'ycapesa, H. I. Koweneea,
A. A. Connuesa, M. H. flypuukuii, 1. A. CaByeHko

HMWL| oHkonoruwm, r. PoctoB-Ha-[loHy, Poccuiickas Gegepauus
B4 bondarenkoo.olga@yandex.ru

PE3IOME

CVHAPOM HU3KOW NepefHei pe3eKkLnmn BSETCA pacnpoCTPaHEHHONW NPO61eMON B CBA3M C NOBbILLEHHON 3a601eBaeMOCTbiO
pakoM MPSIMON KMLLKMN U BbICOKOW YacTOTOM pa3BUTUSI aHOPEKTaNbHOM ANCHYHKLMM NpU CHUHKTEPOCOXPAHSIHOLLMX onepa-
TUBHbIX BMeLLaTeNnbCcTBax. BnusHne gpyHKUMOHaNbHbIX PaCCTPOMCTB Ha KaYeCTBO XW3HM NaLMEHTOB U USMEHEHUE COLM-
anbHOM aganTalum No3BOJISIET OTHECTU CUHAPOM HU3KOW NepefHei pe3eKLUnm K akTyanbHbIM U 06CYyXAaeMbIM BOMpocaM.
Llenb uccnefoBaHus: paccCMOTPeTb 0CO6EHHOCTU Pa3BUTUS aHOPeKTaNIbHOM AUCHYHKLMMN Yy 60NbHbBIX PAKOM MPSMON KULLKU
nyTeM U3yyeHusi GaKkToOpoOB PUCKa M NaTOreHETUYECKMNX acreKTOB Pa3BUTUS CUHAPOMA HU3KOW NepefHen pesekLuu, a Takxke
OLeHWUTb POJib O6bEKTUBHbIX UCCNELOBAHMUI B OLIEHKE CUHAPOMA MO AaHHbIM ONy6/IMKOBAHHOW NUTEPATYpbI.

3T1oNorns CUHAPOMa HU3KOW NepefHen pe3ekunm MHorodakTopHa. Cpeau hakTopoB pucka BblAeNstoT HemogubuLmpo-
BaHHble U MoANdULMPOBaHHbIE NpeankTopbl. K HeMoanduumpyembiM hakTopaM OTHOCSIT YXEHCKUIA MO M BO3pacT cTapLue
65 net. Cpeay MogmbuLmMpyeMbix NPeANKTOPOB OTpULLaTeNIbHOE B/IMSIHUE HA aHOPEKTasIbHYHO (YHKLMIO OKa3blBaeT NpoBe-
[LeHVe Ny4yeBOi Tepanuu, onepaTMBHOIrO BMELLATENIbCTBA, TUM CPOPMUPOBAHHOTO KOJIOPEKTaNIbHOO aHacTOMO3a 1 pa3BuTHe
€ro HeCOCTOATENbHOCTH, @ TakXKe BblBeJleHNe KULLEYHON CTOMbI. TeM He MeHee HanbGosbLUYHO POfb B €ro PasBUTUN UrpatoT
OpraHoCOXpaHsitoLLee onepaTMBHOe BMeELLATENbCTBO C TOTallbHON ME30PEKYMIKTOMMEN, MPOBEeAEHNE NTy4eBON Tepanuu
1 hopMUpoBaHMe NPEBEHTUBHOW MEOCTOMBbI. CIIOXHOCTb NaTO(hU3N0NOMMYECKOro MexaHu3mMa cCuHApoMa o6ycnoBnMBaeT
HEO6X0AMMOCTb AEeTaNbHOIO U3Yy4YeHUs aHOPEKTaNbHOM QYHKLMM U UBMEHEHUS ee NapaMETPOB y NaLMUEHTOB B npoLecce
NleyeHus1 Mo NOBOAY paka NpsMOoN KuLkK. GyHKUMOHaNbHbIE pacCTPOMUCTBA NPU CUHAPOME HU3KOW NepefHen pesekuum
BapbMPYIOTCA MO CTEMEHU TAXKECTU. B n3yyeHMn BbIpaK€HHOCTU KIIMHUYECKUX NMPOSIBIEHUI CUHAPOMA UMEET 3HayYeHne
ncnonb3oBaHue Wwkanbl LARS, a npy pasBuTm aHanbHON MHKOHTUHEHLMW — NpUMeHeHMe Wwkanbl Wexner. OHaKo Hanbonee
TOYHYHO OLIEHKY MO3BOJISIKOT OCYLLECTBUTb O6bEKTUBHbIE METOABI UCCNE0BaHMS, TaKNe Kak aHOpeKTanbHas MaHOMETpUst
BbICOKOr0 paspeLueHusi. [laHHbli MeTOZ UCCiefoBaHMs NMO3BOJISIET KOHTPONMPOBaTh QYHKLUUIO 3anmpaTesibHOro annapara
NPSIMOI KULLKW Ha pa3HbiX 3Tanax KOMGUHUPOBAHHOMO IEYEHNS U OTKPbIBAeT BO3MOXHOCTM NMOUCKa HOBbIX MPEAVKTOPOB
CUHAPOMA HU3KOW NepefHen pe3ekLunu.

KnioueBble cnosa: K0ﬂ0peKTaJ’IbeIﬁ pakK, cnHopomM HU3KOM nepe,qul?l pesekunn I'Ip;lMOI;I KULWLKW, aHOpeKTasibHad MaHo-
METPUA BbICOKOIo paspelleHna
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INTRODUCTION

CMHAPOM HU3KOW NepefHeil pesekLmMmn U METOAbI €ro oLieHKM (0630p NUTepaTypb)

RESULTS

The functional consequences associated with the
formation of a low colorectal anal anastomosis have an
adverse effect on the quality of life of patients who un-
derwent this intervention [1; 2]. The change in anorectal
function can manifest itself in the form of an increase
in imperative urges to defecate and stool frequency
(up to 6 times a day or more), sensitivity disorders and
associated evacuation disorders, feelings of incom-
plete emptying, the development of anal incontinence.
The described symptom complex is called low anterior
resection syndrome (LARS) [3; 4]. Manifestations of
this syndrome are observed in 41-90 % of patients
after low anterior resection [5-8]. The wide variability
in the prevalence of LARS in different studies reflects
inconsistencies in its assessment and diagnosis [5].

The problem of anorectal dysfunction remains
relevant at the present time, since LARS affects the
quality of life of patients and changes social adapta-
tion. The study of risk factors for possible functional
disorders can help in predicting LARS, improving
methods of its prevention and correction.

The purpose of the study: to consider the fea-
tures of the development of anorectal dysfunction in
patients with rectal cancer by studying risk factors
and pathogenetic aspects of low anterior resection
syndrome, as well as to evaluate the role of objec-
tive studies in assessing this syndrome according
to published literature.

MATERIALS AND METHODS

A systematic search of literary sources in data-
bases was carried out elibrary.ru, PubMed using key-

words: "low anterior resection syndrome", "anorectal
dysfunction", "rectal cancer”, "total mesorectumecto-
my", "LARS score". The papers devoted to the study of
risk factors for the development of LARS and research
methods that allow assessing the severity of anorec-
tal dysfunction in patients undergoing combined treat-
ment for rectal cancer were considered. Publications
devoted to the occurrence of LARS in other nosologies
were excluded. The selected articles have been pub-
lished over the past 5 years in Russian and English.

An initial search revealed 105 articles. At the next
stage of the search, literature reviews and non-orig-
inal articles were excluded, as a result of which 38
original studies were analyzed.

The incidence of LARS in patients treated for rectal
cancer varies widely, and the manifestations of ano-
rectal dysfunction are diverse and variable [1; 5-8]. In
most modern studies, LARS is observed on average in
64.8 % of cases, while more than half of patients de-
velop a pronounced clinical picture [8]. In a study by
Bao-Jia Luo et al. (2021), 27 % of patients had a stool
frequency of more than 5 times a day, and 30 % of pa-
tients had imperative urges associated with a change
in the evacuation function of the sphincter appara-
tus [9]. At the same time, the duration of functional
disorders can be short-term and last for 6—12 months
or long-term with the preservation of symptoms for
more than 1 year [10; 11]. In Bryant C. L. et al. up to
71 % of the observed patients noted incontinence of
intestinal contents, and 12-74 % of patients reported
violations of evacuation [12]. There is also evidence
that a violation of rectal sensitivity, manifested in
a deterioration in the recognition of gases and intes-
tinal contents, is more common than incontinence,
and affects the quality of life of patients to a greater
extent [13].

From the point of view of normal physiology, the
functioning of the anorectal region is a delicate bal-
ance between the level of pressure in the rectum and
the tone of the anal sphincters. Defecation is carried
out with coordinated contraction of the pelvic floor
and anterior abdominal wall muscles and relaxation
of the external anal sphincter and puborectal muscle
in response to increased rectal pressure [3; 8; 14]
Somatic innervation of the external sphincter and
puborectal muscle is carried out by sexual nerves,
and pelvic floor muscles — by motor and sensory
nerves of segments S3-5. Vegetative innervation of
the rectum and the internal anal sphincter is provided
by the lower submandibular and pelvic plexuses. The
nerves run anterolateral to the rectum between the
posterolateral border of the prostate gland or vagina
and the lower medial part of the muscle that raises
the anus, reaching the anorectal junction [15].

One of the main components of the evacuation
function is the rectoanal inhibitory reflex (RAIR), co-
ordinated by neuroregulation of intramural plexus-
es [16]. The reflex participates in the recognition and
retention of intestinal contents due to changes in the
rectoanal pressure gradient [17]. Physiologically, the
mechanism is a reflex relaxation of the internal anal
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sphincter after stretching the walls of the rectum and
contraction of the external sphincter, which makes
it possible to contact the sensitive transition zone
with intestinal contents and differentiate its quality:
decorated or liquid stools, gases [16].

Pathophysiological mechanisms of LARS

Various physiological consequences of both surgi-
cal intervention and radiation therapy suggest that the
pathophysiology of LARS is multifactorial and includes
anatomical, sensory and functional changes. The
pathophysiological mechanisms of LARS include dys-
function of the internal anal sphincter, decreased sen-
sitivity of the anal canal, violation of RAR, decreased
capacity and elasticity of the rectal stump [3; 14].

According to published studies, low anterior re-
section leads to a change in the functioning of the
internal anal sphincter, responsible for maintaining
resting pressure and participating in the implementa-
tion of RAR. An increase in the relaxation coefficient
of the internal anal sphincter is recorded in 40 % of
cases of incontinence in the form of a decrease in
pressure in the anal canal [16]. Changes in this struc-
ture were studied by endosonographic examination,
while all 39 patients showed signs of damage after
surgical treatment, 7 patients persisted after 2 years
of follow-up [17].

Postoperative changes may affect not only the
function of the internal anal sphincter, but also the
sensory ability of the anal canal. The functioning
of the anorectal region is provided by information
from the mucous membrane distal to the anasto-
mosis and the side walls of the pelvis. Damage to
afferent innervation under the influence of radiation
therapy leads to an altered perception of the urge to
defecate [18]. Research by Tomita R. and co-authors
(2008) demonstrated a statistically significant de-
crease in the sensitivity of anal canal prescriptions in
patients with clinical manifestations of LARS. At the
same time, sensitivity correlates with the distance
between the level of colorectal anastomosis and the
edge of the anus with a tendency to greater disrup-
tion of gas and stool recognition at lower levels of
anastomosis [19]. In addition, in the work of Haas S.
and co-authors (2020), abnormal integration of ano-
rectal stimuli on encephalograms was recorded in
patients after combined treatment of rectal cancer,
which may also play a role in the pathogenesis of
LARS [20].
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A decrease in RAIR is an independent predictor of
deterioration of the functional state of the anorectal
region after surgery for rectal cancer. Observation
of patients at different stages of treatment made
it possible to note a decrease in RAIR in a quar-
ter of patients a year after low anterior resection.
Nevertheless, 85 % of the subjects had the reflex
present after 2 years, which is probably due to
the restoration of the innervation of the colorectal
anastomosis. Studying the RAIR and the maximum
threshold volume, Kupsch J. and co-authors (2018),
using anorectal manometry and balloon proctom-
etry, noted the most satisfactory functional results
in patients with a length of the remaining rectum
>4 cm [21].

The capacity of the neorectum also contributes
to the development of the LARS. According to some
studies, the large capacity of the neorectum was
associated with a significant decrease in the number
of bowel movements per day. However, chemoradio-
therapy and anterior resection reduce the capacity
and elasticity of the rectum, which in turn leads to
an increase in false urges [19].

Risk factors

According to the data of the reviewed publications,
a significant number of predictors that increase the
risk of developing LARS are currently being identi-
fied [8; 11; 14; 18; 22; 23]. After the literature review,
a number of modifiable and unmodifiable risk factors
were identified. Unmodified risk factors include fe-
male gender and age over 65. Among the modifiable
factors, first of all, radiation therapy and surgical
intervention have a negative effect on anorectal func-
tion. The type of formed colorectal anastomosis,
the development of its insolvency, the formation of
a preventive ileostomy, the patient's body mass index
of more than 30 kg/m? are also considered by some
authors as possible predictors [18; 24-29].

Low anterior rectal resection with total mesorec-
tumectomy leads to a change in reservoir function
and impaired evacuation of intestinal contents [3;
18]. In 2019, Keiji Koda et al. It has been shown that
damage to the internal anal sphincter as a result of
removal of most of the rectum can play a role in the
development of LARS [23]. Features of surgical in-
tervention in the form of dilation of the anal pulp can
affect both the external and internal sphincter with
a transient zone and a "hemorrhoidal pillow" [30].



l0xHo-Poccuitckuii oHkonoruyeckuii xypHan. 2023. T. 4, N2 4. C. 57-71

BoHpapeHko 0. K., FeBopksH 0. A., ConpgatkuHa H. B., TycapeBa M. A., Kowenesa H. I, ConHuea A. A., lypuukuii M. H., CaueHko [1. A. /

The location of the tumor and, accordingly, the
level of colorectal anastomosis after sphincter-
preserving surgical interventions was one of the
most frequent factors analyzed. The proportion of
patients suffering from this LARS increases as the
level of anastomosis approaches the anal sphincter.
Analysis of the height of the colorectal anastomosis
revealed that an anastomosis at a level up to 5-6.5
cm from the anal margin can be considered a risk
factor for the development of LARS [8; 13; 22].

The potential pathophysiological mechanisms of
LARS also include a violation of autonomic innerva-
tion due to the rupture of intrahepatic neuronal con-
nections between the rectal ampoule and the internal
sphincter, causing loss of RAR and impaired stool
differentiation. The removal of the rectal ampoule,
the loss of the reservoir and evacuation function of
the rectum, which in turn leads to accelerated tran-
sit of unformed intestinal contents, are considered
among the reasons for LARS [3; 31].

Combined treatment according to the results of
randomized trials is associated with a higher fre-
quency of defecation compared to performing only
total mesorectumectomy [10; 15; 32]. Despite the
current use of conformal radiation therapy aimed
at reducing the area of irradiation, its effect caus-
es ischemic and fibrous changes in blood vessels,
pelvic and musculoskeletal nerve plexuses, muscle
fibers of the sphincter apparatus [18; 32-34].

The formation of a preventive ileostomy and the
occurrence of diversionary colitis due to bacterial
recolonization of the colon are also considered by
some authors as possible factors for the develop-
ment of LARS [35]. Enteral deprivation of nutrients
associated with the formation of a preventive ileos-
tomy leads to a deficiency of nutrients. Among the
structural and functional changes, there may be atro-
phy of the muscles of the anal sphincter, atrophy of
the villi and inflammation of the mucous membrane,
leading to dysfunctional colitis. This factor has an
adverse effect on the metabolism and microflora of
the colon due to changes in the oxidation of butyrate
and increased formation of free radicals [36]. Post-
operative dysbiosis with a tendency to a significant
decrease in the diversity of the intestinal microbiota
correlates with increased stool frequency regardless
of the endoscopic activity of the inflammatory pro-
cess. According to some sources, increased defeca-
tion occurs when the composition of the microbiota

CMHAPOM HU3KOW NepefHeil pesekLmMmn U METOAbI €ro oLieHKM (0630p NUTepaTypb)

is unbalanced with a decrease in the relative number
of Bacteroidetes and an increase in Enterobacteri-
aceae [37].

Methods of assessment of LARS

The complexity of the pathophysiological mech-
anism of LARS necessitates a detailed study of
anorectal function and changes in its parameters
in patients during treatment for rectal cancer. To
study the severity of symptoms of anorectal dysfunc-
tion, the most used and proven method is the LARS
scale [38]. This questionnaire separately examines
the frequency of defecation, imperative urges, cases
of incontinence of gases and liquid stools. According
to the scale, the severity of functional disorders is
classified as the absence of LARS (0-20 points),
small LARS (21-29 points) and large LARS (30-42
points) [26].

Among the analyzed sources, some authors asso-
ciate the female sex with higher rates of LARS [18;
25]. Juul T. et al. (2019) demonstrated that in the
general population of Denmark, significant symp-
toms (= 30 points on the LARS scale) were observed
in women in the age group from 50 to 79 years com-
pared with men (p = 0.001). In this article, the age of
patients was not associated with impaired anorec-
tal function, however, the work of Sandberg S. et al.
(2020) showed that among the 334 studied within
2 years after the completion of treatment, elderly
patients had a more pronounced clinic of LARS [18].
In the study by Benli S et al. (2021), age (more or less
than 65 years) and gender did not affect the inci-
dence of LARS (p = 0.14, p = 0.69, respectively) [39].

In a study by Bohlok et al. (2020) conducted
among 43 patients with rectal cancer after com-
bined treatment, a body mass index of more than
30 kg/m? was a prognostic predictor of pronounced
LARS (p = 0.047) [26]. However, no statistical signif-
icance of the negative influence of this factor was
found in other analyzed sources [8; 39]. According
to the results of the paperwork of Nafedzova l. O.
(2021), there was also no effect on the occurrence
of pronounced LARS of such parameters as elder-
ly age (OR =0.99 (95 % Cl: 0.95-1.02), p = 0.44),
gender (OR = 1.04 (95 % CI: 0.74-1.47), p = 0.82)
and elevated index body weight (OR =0.99 (95 % Cl:
0.9-1.08),p = 0.8) [8].

The LARS scale was also used in the Trenti L. et
al. (2018) study conducted in Spain among 152 pa-
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tients to assess anorectal function within a year after
sphincter-preserving intervention for rectal cancer.
According to the data obtained by the authors, the
risk of developing pronounced clinical symptoms in
80 % of the subjects increased with a smaller anasto-
mosis distance from the anal margin (p < 0.05). Mul-
tivariate analysis revealed the statistical significance
of a low level of colorectal anastomosis (OR = 3.82
(95 % Cl: 1.46-12.01; p = 0.005) and neoadjuvant
radiation therapy (OR = 2.38 (95 % Cl: 0.98-5.96;
p = 0.048) as independent risk factors for LARS [13].

According to the analysis of the ROC curve of
a retrospective research study by Miacci FLC et al.
(2020), the threshold distance between the col-
orectal anastomosis and the anal margin, which
increases the risk of anorectal dysfunction, is 6.5
cm (p < 0.001). The study of anorectal function us-
ing the LARS scale made it possible to distinguish
among statistically significant predictors in addition
to the level of colorectal anastomosis (p < 0.001) The
same applies to radiation therapy (p = 0.0014) and
ileostomy formation (p = 0.0023) [22]. At the same
time, such studied parameters as gender, age, the
presence of bad habits, the type of formed anas-
tomosis did not have a significant impact on the
development of LARS.

In the work of Nafedzova I. 0. (2021), the relation-
ship between the level of colorectal anastomosis be-
low 5 cm from the outer edge of the anal canal was
also demonstrated by an increase in the frequency of
development of LARS by 2.6 times (OR =2.61 (95 %
Cl: 1.47-4.62), p = 0.001 [8].

In the work of Rasulov and co-authors (2021), the
degree of anorectal dysfunction after total mesorec-
tumectomy with various methods of reconstruction
of the rectum was assessed. According to the LARS
scale, the least pronounced manifestations of LARS
were noted in the group of patients with the forma-
tion of a J-shaped reservoir in comparison with end-
to-end and side-to-side anastomoses. The preserva-
tion of the functional advantage of the J-reservoir
design was also observed after 12 months in the
postoperative period [27]. However, in other studies
comparing anorectal function in patients with side-
to-end and end-to-end anastomosis, no statistical
significance was revealed (p > 0.05) [26; 28; 33].

There are also data on the effect of colorectal
anastomosis failure on postoperative functional re-
sults [3; 15; 35]. The work of Hain E et al. (2017)
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showed that the occurrence of anastomosis failure
is associated with pronounced clinical symptoms
of anorectal dysfunction on the LARS scale in 46
studied patients after laparoscopic low anterior re-
section (p = 0.02) [28]. The results of other studies
also demonstrate the statistical significance of anas-
tomosis failure in increasing the risk of developing
LARS (p < 0.001) [8; 29; 33].

The effect of radiation therapy on the functioning
of the anorectal zone has reached statistical signifi-
cance not only in the works of Trenti L. et al. (2018)
and Miacci FLC et al. (2020), but also in most of the
analyzed publications [11; 15; 22]. A study by Danish
scientists Hughes D. L. et al. (2017) showed that the
use of non-adjuvant radiation therapy in 85 patients
was associated with an almost 20-fold increase in
the risk of LARS (p < 0.01) [11]. In 18 % of cases, the
symptoms were insignificant, and in 56 % of cases,
signs of a large LARS were detected. The average
score on the LARS scale a year after the treatment
was 35.5, after 4 years — 27.9. However, the differ-
ence in these indicators did not reach significance
(p = 0.19), which demonstrates the continued nega-
tive effect of radiation therapy on anorectal function
in the long term.

According to the results of a study conducted by
van der Sande M. E. et al. (2019), the relationship
between the dose of radiation therapy and the se-
verity of anorectal dysfunction in patients with rectal
cancer was tracked (p < 0.01). 2 years after radiation
therapy, 11 patients had pronounced clinical symp-
toms of anorectal dysfunction (30-39 points on the
LARS scale), 10 patients had minor manifestations
of LARS (21-29 points) [40]. Based on the above,
surgical trauma is significant in the early postoper-
ative period, but the negative impact of surgery on
anorectal function is leveled in the long term, which
cannot be said about radiation therapy.

The use of combined treatment of rectal cancer
improves oncological results, however, patients in
the long term may be burdened with persistent symp-
toms of anorectal dysfunction. The manifestations of
LARS may decrease during the first 2 years, however,
in almost 60 % of patients, symptoms persist for
more than 24 months [41]. It is reliably known that
the quality of life correlates with the severity of this
syndrome [15].

Combined treatment according to the results of
randomized trials is associated with a higher fre-
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quency of defecation compared to performing only
total mesorectumectomy [9; 15; 26; 42]. In the work
of Sun W et al. (2019), within 40 months after com-
bined treatment, 119 (54.1 %) of 220 observed pa-
tients reported the occurrence of a large LARS. At
the same time, the group of patients without radia-
tion therapy showed fewer signs of functional disor-
ders compared to the group of patients undergoing
combined treatment (38.6 and 64.4 %, respective-
ly, p < 0.001). The effect of neoadjuvant irradiation
(OR =2.20 (95 % Cl: 1.24-3.91), p = 0.007) on ano-
rectal function was a statistically significant predic-
tor of the development of pronounced LARS [34].

A logistic regression analysis conducted in Luo B.
et al. (2021) showed that preoperative chemoradio-
therapy (p = 0.003) and the proximity of the lower
edge of the tumor to the dentate line (p = 0.015) are
independent risk factors for LARS [38].

Benli S. et al. (2021) analyzed the clinical manifes-
tations of anorectal dysfunction on the LARS scale in
276 patients after combined treatment of rectal can-
cer. The authors present a low level of anastomosis
(OR=42.40 (95% CI: 11.14-161.36), p < 0.0001) and
radiation therapy (OR = 2.51 (95 % CI: 1.38-4.57),
p = 0.003) as important predictors of the develop-
ment of LARS (OR =42.40 (95 % Cl: 11.14-161.36),
p < 0.0001). In addition to the above data, the study
made it possible to distinguish among statistically
significant predictors of anorectal dysfunction the
formation of a preventive ileostomy (OR = 12.83
(95 % CI: 6.58-25.0), p < 0.0001). At the same time,
the term of closure of the ileostomy (early less than
6 months and late more than 6 months did not affect
the incidence of LARS (p = 0.56) [39].

The LARS scale helped to demonstrate the nega-
tive effect of preventive ileostomy on postoperative
functional results of the rectal sphincter apparatus
and in other sources. Sun W et al. (2019) describe ile-
ostomy as an independent risk factor for pronounced
LARS (OR =2.59 (95 % Cl: 1.27-5.30), p = 0.009) [37].
In a study by Hughes D. L. et al. (2017), the presence
of ileostomy within 6 months after completion of
treatment was associated with a 3.7-fold increase in
the risk of LARS (p = 0.03) [42]. Formation of a pre-
ventive ileostomy in a meta-analysis conducted by
I. 0. Nafedzov. (2021), was associated with a three-
fold increase in the risk of severe functional prob-
lems after surgery (OR =3.32 (95 % Cl: 1.99-5.55),
p <0.00001) [8].
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Nuytens F. et al. (2018) evaluated the effect of
the time of performing reconstructive surgery on the
small intestine in 100 patients over 50 months. How-
ever, the study did not reveal a relationship between
the time of closure of the ileostomy and the severity
of symptoms of anorectal dysfunction (p = 0.38) [33].

The Wexner scale allows to expand the under-
standing of anorectal dysfunction when signs of in-
continence occur. This questionnaire evaluates the
severity of anal incontinence by studying the frequen-
cy of incontinence of gases, liquid or solid intestinal
contents. The score varies from 0 to 20 points.

In the study of A. A. Medvednikov and co-authors
(2020), the functional activity of the anorectal zone af-
ter low anterior rectal resection was evaluated in 100
patients [41]. During the year after surgical treatment,
when analyzing the degree of incontinence, | degree of
insufficiency was observed in 15 % of patients (up to
5 points on the Wexner scale), Il degree of insuffi-
ciency — in 33 % (6—10 points on the Wexner scale),
Il degree —in 52 % of cases (11-20 points on the
Wexner scale). After a year of sphincter-preserving
intervention, an improvement in anorectal function
was observed, and in 45 % of patients there were no
significant violations of the locking function (p < 0.01).

With respect to the type of anastomosis, the
Wexner scale demonstrates better anal reten-
tion 6 months after surgery with the formation of
a J-shaped reservoir compared with anastomoses
"end-to-end" and "side-to-side" (p = 0.01). However,
by 12 months, the clinical manifestations of anal
incontinence decreased and became the same be-
tween the groups under consideration (p > 0.05) [40].

Another incontinence scale, the use of which has
been found in literary sources, is the Vaizey scale,
consisting of 7 points, including incontinence of solid
and liquid stools, flatulence, the severity of lifestyle
changes, the need to wear pads, the use of antidiar-
rheal drugs. The score is built by summing up each
item (range from 0 to 24), where 0 indicates the ab-
sence of incontinence, and 24 indicates complete
incontinence of intestinal contents [21].

In the work of Trenti L. et al. (2018), the median
incontinence index on the Vaizey scale was higher
in patients with colorectal anastomosis by 5 cm or
less compared to its higher level (7.5, range 3-12;
p =0.036) [13].

In a study by Kupsch J. et al. (2018), the Vaizey
scale was used as an additional indicator to the
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LARS scale in assessing anorectal function in pa-
tients undergoing treatment for rectal cancer [21].
Among 144 (55.2 %) of the examined patients, signs
of small (51 patients (19.5 %)) or large (93 patients
(35.6 %)) LARS were noted. In the group of patients
undergoing radiation therapy, more than 20 points
were scored on the LARS scale (64.6 %), which re-
flected less satisfactory functional indicators of the
anorectal zone compared to patients who did not
receive radiation therapy (43.1 %) (p = 0.001). The
Vaizey scale also demonstrated significant differ-
ences between groups 10.0 (x 6.7) and 6.3 (¢ 6.1),
respectively (p < 0.001), which correlated with the
LARS scale data (r=0.81, p < 0.001).

However, these questionnaires are based solely
on the patient's assessment of the severity of symp-
toms and do not accept changes in the functional
parameters of the anorectal zone. For full-fledged
counseling, objective research methods should be
included in the examination plan.

The first methods of studying the tonic and neuro-
reflex activity of the anorectal region were based on
the use of rectal cylinders that register pressure and
RAIR created by internal and external sphincters [16].

To date, anorectal manometry is an objective
method in assessing postoperative anorectal func-
tion and diagnosing functional disorders [43; 44].
For a long time, there were two types of systems
in the equipment of anorectal manometry: air (bal-
loon catheters) and water-perfusion (open catheter
method) [3]. Improved diagnostic accuracy has im-
proved the appearance of high-resolution anorectal
manometry (HRAM).

HRAM is a complex research method that pro-
vides an opportunity to create a spatio-temporal
model of pressure distribution. The advantage of
HRAM is the use of a higher physiological resolution
created by the increased density of sensitive sen-
sors and their location around the circumference [45;
46; 47]. The HRAM system can consist of miniature
semiconductor pressure indicators on 2D and 3D
solid-state catheters with a diameter of 4 mm, ca-
pable of providing functional and morphological in-
dicators of the anorectal region [48]. HRAM displays
changes in anorectal activity at rest and with various
functional tests in the form of a color contour graph.

According to the recommendations of the Interna-
tional Working Group of Experts on Anorectal Phys-
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iology, the examination of patients is carried out in
a supine position on the left side with the hip and
knee joints bent at right angles [49]. There is also an
opinion in the literature about the effectiveness of
determining the anal resting pressure and compres-
sion pressure in the lithotomic position. However,
this modification has not been introduced into clin-
ical practice at the moment, since it did not reflect
the benefits for monitoring rectal sensitivity [50].

Recommended measurements of anorectal ma-
nometry assess the following parameters: anal rest-
ing pressure, anal canal pressure and fatigue time
during voluntary contraction, rectal pressure during
straining and coughing, rectal sensitivity, RAR, rectal
capacity and extensibility [49].

According to anorectal manometry, anal resting
pressure is maintained by the work of the internal
sphincter. While the parameter of maximum com-
pression pressure depends on the functioning of
the external sphincter and is responsible for the re-
tention of intestinal contents when intra-abdominal
pressure increases under stressful conditions. The
literature describes a significant decrease in both
indicators in the postoperative period [22; 30].

HRAM can also reflect the myogenic activity of
smooth muscle cells of the anal sphincter by evalu-
ating rhythmic pressure fluctuations called slow and
super slow waves. Slow waves in the anal sphincter
arise from interstitial Cajal cells, and in healthy peo-
ple are recorded with a frequency of approximately
16-18 cycles per minute [51].

According to the data of the analyzed studies,
the indicators of high-resolution anorectal manom-
etry are associated with the degree of severity of
LARS [15; 32]. In patients who have undergone
sphincter-preserving surgery for rectal cancer, the
indicators of anal pressure at rest and maximum
rectal volume decrease, while RAIR may be absent
in 80 % of cases a month after completion of treat-
ment [52]. It was also noted that defecation dysfunc-
tion, manifested by a violation of rectal sensitivity,
is more common than incontinence, and affects the
quality of life to a greater extent [13].

In a study by Luo B. et al. (2021), a decrease in the
physiological parameters of the anorectal zone was
observed after low anterior rectal resection in 146
patients [9]. The greatest changes were manifested
in a decrease in the indicators of anal resting pres-
sure, maximum compression pressure, maximum
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volume transferred (p < 0.001). The threshold vol-
ume of the first sensation was significantly higher in
healthy people than in the surgical group (p < 0.001).

Liu L. et al. (2017) to assess the effect of lapa-
roscopic anterior resection on anorectal function,
high-resolution anorectal manometry was per-
formed in 51 patients. The patients were divided
into two groups depending on the level of anasto-
mosis more or less than 5 cm from the edge of the
anus. 3 months after surgery, a decrease in anal
resting pressure and maximum compression pres-
sure (p < 0.05) was registered in both groups, while
after 6 and 9 months there was an improvement
in indicators to the preoperative level. The inter-
group comparison noted higher values in the group
of patients with a high level of anastomosis: the
maximum compression pressure was significantly
higher 3 months after surgery (p < 0.05), and after
6 months — a higher level of average and maximum
pressure at rest (p < 0.05) was observed. A similar
trend was also observed with respect to changes in
the volume of the rectum, but all these parameters
remained significantly lower compared to preoper-
ative values after 9 months [53].

The work of Fratta C. et al. (2022), conducted
among 48 patients who received a course of neo-
adjuvant radiation therapy, demonstrates a decrease
in manometric indicators of anal pressure at rest
and average compression pressure (p < 0.05). At
the same time, there were no statistically significant
changes between the initial values of the maximum
compression pressure and their value after radiation
therapy (p = 0.05). From the side of clinical man-
ifestations, the authors report a higher frequency
of loose stools and urge to defecate after radiation
therapy, but the assessment of the degree of incon-
tinence on the Wexner scale also revealed no signif-
icant differences (p > 0.05) [43].

According to the work of Baichorov A. B. (2019),
prolonged radiation therapy leads to a significant
decrease in manometric indicators: resting pressure
and contraction, endurance of the sphincter appara-
tus of the rectum (p < 0.05) [54].

In a study by Ihnat P. et al. among 65 patients, the
effect of combined treatment was manifested in the
form of a change in the normal ratio of manometric
parameters: there was a significant increase in the
threshold level of the first sensation and a significant
decrease in anal pressure at rest and with maximum
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contraction, extensibility and maximum volume of
the rectum (p < 0.001) [32].

There is also information in the literature about
the correlation of manometric indicators with the
clinical picture of LARS 3 and 6 months after surgery.
A higher LARS index was observed in patients with
focal pressure defects in the anal canal and with
the appearance of spastic peristaltic waves from
the colorectal anastomosis to the anus. Spastic hy-
permobility of the rectal stump, probably caused by
external denervation, is associated with the severity
of imperative urges to defecate [15]. Patients who
developed spastic peristaltic contractions in the
postoperative period had a higher stool frequency
both 3 and 6 months after surgery.

Anorectal profilometry, which is a type of anorec-
tal manometry, is based on the operation of a thin
water-perfusion catheter with a radial arrangement
of channels and registers the pressure along each
channel throughout the entire process of moving
the sensor. The clinical value of this method lies in
a quick and objective assessment of the activity of
the structures of the internal anal sphincter and the
contractility of the pelvic floor muscles, especial-
ly in patients with painful sensations when using
a sphincteromanometric sensor [31]. Anorectal
sphincterometry, as one of the methods of studying
the anorectal zone, allows you to diagnose the work
of the pelvic floor muscles, taking into account the
study of reservoir and evacuation function indicators.

A segmental sphincterometer is used to measure
the absolute value of the pressure created by the
rectal locking apparatus [55]. The study is carried out
by determining the tone of the anal pulp in a relaxed
state and with maximum compression. The sensor
of the device increases the accuracy of the pressure
measurement results by registering indicators from
the segments of the sphincter apparatus.

In the modern literature there are data on the use of
anorectal sphincterometry and profilometry to study
anorectal function in the formation of different types
of anastomoses. Rasulov and co-authors (2021) noted
significantly higher rates of neorectal sensitivity, the
first and constant urge to defecate in patients with
a J-shaped reservoir [27]. The greater ability of this
type of anastomosis to accumulate and retain intes-
tinal contents is reflected in the highest indicator of
the maximum tolerated volume (by 12 months of the
postoperative period — 224, 204 and 190 ml in groups
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with a J-shaped reservoir, "side-to-end" and "end-to-
end" anastomoses, respectively, p < 0.0001). There
were no significant differences between the compared
groups with respect to the indicators of maximum
resting pressure and contraction (p > 0.05).

Another way to study the functional state of the
anorectal zone is defectofluometry with a weight
optical sensor that reflects the readings in the form
of a curve on the monitor screen. This method makes
it possible to evaluate the reservoir function by reg-
istering sensitivity thresholds and urge to defecate
with slow introduction of filler, as well as to evaluate
the evacuation function by residual volume [56].

In the Ssu-Chi Chen et al. (2021) study, physiolog-
ical variables were evaluated in patients with LARS
using a Fecobionic device. Testing was carried out
during the evacuation of a balloon with three sensors
located in front, behind and inside, which made it
possible to measure not radial pressure in a fixed
position, but axial pressure during defecation. Ob-
taining the defecation index allows the parameters
of anorectal manometry to better correlate with the
Wexner scale and the manifestations of LARS, which
in the future may provide a more detailed analysis of
anorectal dysfunction [26].

In the work of Liu L. et al. (2017), endoanal ultra-
sound examination was used, which allowed us to
note a tendency to decrease the thickness of the
internal and external sphincters and to decrease the
volume of the rectum after surgery [53].

Intraanal electromyography is one of the most
common methods and allows to obtain a quanti-
tative and qualitative assessment of the work of
the external anal sphincter and pelvic floor mus-
cles [57]. By studying background and arbitrary bio-
electric activity, the study reflects the indicators of
the total contractility of the rectal locking apparatus.
The measurement is carried out at rest and arbi-
trary contraction, as well as during straining tests
and with an increase in intra-abdominal pressure.
The tonic activity of the external sphincter at rest is
15.2 + 2.1 mv, and with a decrease and increase in
intra-abdominal pressure increases to 74.3 + 13.7
mv. A normal physiological reaction during straining
is observed with synchronous inhibition of the bio-
electric activity of the external sphincter and pelvic
floor muscles, while an increase in this indicator is
regarded as a paradoxical reaction of the puborectal
muscle [58].
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A study by Vollebregt P. F. et al. (2021) expand-
ed the understanding of the functional activity of
the anorectal region by comparing the frequency
of slow waves of the anal canal in 21 patients who
underwent anterior rectal resection with 37 healthy
subjects. The authors were able to demonstrate a de-
crease in anal slow-wave activity in the first group of
patients. In 52.4 % of patients in the postoperative
period, the frequency of slow waves of 6-8 cycles
per minute without activity at higher frequencies was
noted. Changes in the observed pressure activity
may reflect damage to pelvic nerves innervating cells
of the smooth muscles of the anus [51].

Battersby N. J. et al. (2018) developed a POLARS
preoperative nomogram to predict the severity of
anorectal dysfunction after low anterior rectal resec-
tion. A nomogram is a graphical representation of the
function of the variables under study, based on the
analysis of parameters such as the patient's gender
and age, the height of the tumor, radiation therapy,
partial or total mesorectomy, ileostomy formation.
After entering the data, the program calculates the
number of predicted points on the LARS scale [59].

In the work of Nafedzova I. 0. (2021), based on the
analyzed predictors of anorectal function disorders,
a nomogram was created that allows predicting the
occurrence of pronounced LARS in patients in the
postoperative period. The probability of the devel-
opment of significant functional disorders was cal-
culated with a combination of different risk factors:
chemoradiotherapy, the height of the anastomosis
level, the failure of the anastomosis, the removal of
preventive ileostomy and chemotherapy. The authors
draw attention to the need to inform patients with
a high probability of pronounced LARS according
to nomogram data during the formation of a low
colorectal anastomosis in order to carry out con-
servative rehabilitation in the form of complex BOS
therapy and tibial modulation [8].

CONCLUSION

LARS is a socially significant problem due to the
increasing morbidity and high frequency of develop-
ment with low sphincter-preserving surgical interven-
tions. Surgical treatment and radiation therapy can
improve the oncological results of patients with rectal
cancer. However, radiation therapy and the formation
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of a low colorectal anastomosis are independent risk  study of LARS at different stages of treatment of
factors for functional disorders that have the greatest ~ patients can help in the search for new approaches
impact on the development of LARS. A more thorough  to the prevention of anorectal dysfunction.
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