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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background and Objectives: Vascular structures may be
damaged during laparoscopic surgery for colorectal cancer.
One of the major reasons is the variant anatomy of the inferior
mesenteric artery. It could lead to intraoperative massive
bleeding and also postoperative intestinal ischemia. Thus,
preoperative study of the inferior mesenteric artery variant
anatomy is very important.

Aim: Our aim is to develop a clinical - based
and useful classification of inferior = mesenteric
artery variability for healthcare practitioners.
Materials and Methods: From December 2019 to
March 2023, 214 abdominal computed tomograms
(CT) with contrast were analyzed. We studied
the inferior  mesenteric  artery variant  anatomy.

Results: The 15 inferior mesenteric artery anatomical types
were identified in previous studies. But due to the complexity
of using this in practice - new classification of inferior
mesenteric artery anatomy and its branches was developed:
type I - several colonic branches by separate trunks (54.2%);
type II — all colonic branches from one point in the form of
a "crow's foot" (25.2%); type III - a single trunk which is
divided into colonic branches throughout its length (20.6%).
Conclusions: The new inferior mesenteric artery classification
is developed and been induced in practice. By using this
classification and CT angiography with 3D reconstruction
surgeons could perform operations on colorectal region with
minimal risk of complications.

Key words. CT angiography, inferior mesenteric artery,
anatomy, laparoscopy.

Introduction.

The colorectal cancer (CRC) consists about 10% of all
diagnosed oncology diseases per year [1]. It takes the 3rd place
in oncology diseases frequency in male and 2nd in female. In
women, morbidity and mortality are in 25% lower than in men.
It is predicted that in progressive countries the incidence of
CRC will increase up to 2.5 million of new cases by 2035 [1,2].
Trends towards stabilization and decline of illness are usually
observed only in developed countries. This is due to screening
programs and an increased number of diagnostic colonoscopies,
lifestyle and diet changes can also play role [3]. Nowadays,
there is an alarming increase in the number of patients younger
than 50 years with CRC, especially rectal cancer and cancer of
the left half of the colon [4-7].

There are different methods cancer treatment [8-10]. Radical
surgery remains the main treatment method. The principles of
minimally invasive surgery performed by laparoscopic access
are increasingly used. Laparoscopic surgery in colorectal cancer
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is safe and provides good long-term relapse-free and general
survival rates [11-13]. Performing surgery of colorectal cancer,
it could be necessary to cross the inferior mesenteric artery. It
could be performed in two ways. The first method of inferior
mesenteric artery crossing is its high ligation and crossing
in the base area. The 2nd way - low ligation - is used during
crossing distally to the left colic artery (LCA) [14]. High
inferior mesenteric artery (IMA) ligation simplifies the removal
of paraaortic lymph nodes and makes the left half of the colon
more mobile. Low inferior mesenteric artery ligation allows to
maintain good intestinal blood supply and avoid ischemia in the
proximal part of the colon and at the site of anastomosis [15,16].
In a meta-analysis by Zeng J., Su G., 2018, was reported - low
inferior mesenteric artery ligation compared to a high does
not affect general survival and mortality rates and the rate of
recurrence of the oncological process. But at the same time the
frequency of anastomosis failure decreases [17]. From this point
of view performing a low inferior mesenteric artery ligation
with skeletonization is better since the sufficient blood supply
to the remaining part of the colon [18,19].

To perform a low inferior mesenteric artery ligation and
D3-lymph nodes dissection surgeons perform lymph nodes
dissection around the main trunk of the inferior mesenteric
artery up to the superior rectal artery with a accurate cutting of
the small and large intestine mesentery vessels [20-23]. This
method takes a lot of time due to technical difficulties, different
variant anatomy of the inferior mesenteric artery and the lack
of tactile sensations during laparoscopic surgery [24]. The
risk of vascular structures damage supplying the left half of
the colon increases and this can lead to massive bleeding and
intestinal ischemia. In colorectal cancer surgery the main step is
to save colorectal region sufficient vascular supply. Therefore,
the preoperative study of the variant anatomy of the inferior
mesenteric artery is very important. Surgeons can decide for it
in advance: this will ensure fast and safe vascular ligation at the
required level and lymph nodes dissection [25-30].

The main non-invasive method used to study the variant
inferior mesenteric artery anatomy is CT angiography [31,32].

Modern classifications of inferior mesenteric artery anatomy
are very difficult to clinical apply. The well-known classification
by W. Zebrowski [33] describes 8 types of inferior mesenteric
artery branching. But this classification has no practical value
for surgery. Similar study in China has results that cannot be
applicable in surgical practice [34]. There were several studies
in Russia of variant celiac trunk and the superior mesenteric
artery anatomy [35-39]. But no information about variable
inferior mesenteric artery anatomy. In this regard there is a need
to optimize the classification of the vascular anatomy variability
with focus on the practical approach.
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Moreover, we haven’t find body of evidence of the accuracy of
inferior mesenteric artery anatomy presented by CT-angiography
V/S intraoperative data. To bring new in classification of inferior
mesenteric artery vascular anatomy variability focusing on the
practical surgery the following tasks were set:

1. To study inferior mesenteric artery anatomy presented
by multispiral computed tomography with contrast V/S
intraoperative data.

2. To evaluate the accuracy of abdominal MSCT with
intravenous contrast by comparing the results with intraoperative
data.

3. To study the relationship between the inferior mesenteric
vein (IMV) and the left colic artery at the level of the base of the
inferior mesenteric artery.

4. To develop a classification of inferior mesenteric artery
vascular anatomy variability for practical surgery usage.

Materials and Methods.

The presented retrospective study included patients with left
half colon cancer which were treated at the Yudin State Clinical
Hospital in Moscow from December 2019 to March 2023. The
study group included 214 patients (113 women and 101 men)
aged from 19 to 91 years with left half colon cancer (Tables
1-4). All patients underwent segmental colon resection with D3
lymph nodes dissection.

The criteria for inclusion in the study were:

1) the age of patients from 18 to 92 years;
2) gender: male, female;

Table 1. General patients characteristics.

Age Sex
Male

<30y.o. 1
31-40y.o0. 2
41 -50y.o0. 6
51-60y.0. 21
61 —70y.o. 35
71 -80y.0. 23
80—-90y.o. 12
>91y.o. 1
Total 101

Table 2. Tumor localization.
Tumor localization
Splenic flexure

Descending colon

Sigmoid colon
Rectosigmoid colon

Table 3. Surgical access type.
Surgical access

Laparotomy

Laparoscopic surgery

Table 4. Cancer stage.
Cancer stage

I-11

III
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3) the established diagnosis: "left half colon cancer" (colon
cancer of the splenic flexure, cancer of the descending colon,
cancer of the sigmoid colon, cancer of the rectosigmoid colon);

4) the presence of preoperative abdominal CT scan with
intravenous contrast (for diagnosis and planning of surgery);

5) absence of distant metastases;

6) performed surgical intervention: segmental colon resection
with D3 lymph nodes dissection.

The exclusion criteria were:

1) the age of patients younger than 18 and older than 92 years;

2) absence of preoperative abdominal CT scan with intravenous
contrast;

3) performing surgery without segmental colon resection with
D3 lymph nodes dissection;

4) patients who have previously undergone surgical
interventions in the basins of inferior mesenteric artery and
inferior mesenteric vein.

Methods of preoperative abdominal CT scan with intravenous
contrast and intraoperative photographs were used to study the
vascular structure.

CT studies were performed on a 160-slice Aquillion Prime SP
scanner (Canon, Japan), a 160-slice Aquillion Prime scanner
(Toshiba, Japan) and a 40-slice Somatom Sensation scanner
(Siemens, Germany). Scanning was carried out according
to a standard four-phase protocol: before the introduction
of intravenous contrast agent - the native phase; after the
introduction of intravenous contrast agent - the arterial phase
(the beginning of scanning was performed automatically when

Total
Female
1 2
3 5
5 11
18 39
45 80
36 59
5 17
0 1
113 214

Number of patients (%)
15 (7%)

18 (8,4)

109 (50,9%)

72 (33,6%)

Number of patients (%)
72 (33,64%)
142 (66,36%)

Number of patients (%)
47 (22%)
167 (78%)



Table 5. Patients characteristics.

Characteristic Type I (n =116) Type II (n =54) Type III (n = 44) D
Age 66 (19-77) 71 (39-91) 58 (46-71) p>0.05
Sex ratio (male: female) 12:8 5:0 14.7 p>0.05
BMI (kg/m2) 20.8 +2.87 23.7+£2.25 21.8+2.78 p>0.05
ASA 2.11+0.51 2.01 £0.54 2.12+0.31 p>0.05
Tumor localization
Splenic flexure 15 - - p>0.05
Descending colon 10 - 8
Sigmoid colon 52 48 9
Rectosigmoid colon 39 6 27
Cancer stage
0 - - - p>0.05
1 8 3 7
TIA, TIB, TIC 18 7 9
IIIA, 1B, IIIC 90 44 28
IVA, IVB § - -

SRA SRA SRA

Figure 1. Additional types of inferior mesenteric artery anatomy. inferior mesenteric artery — 198 inferior mesenteric artery; LCA — left colic
artery;, SA — sigmoid artery; SRA — superior rectal artery.

Typel Type 11 Type 111

SRA

Figure 2. New classification of inferior mesenteric artery anatomy. inferior mesenteric artery — 214 inferior mesenteric artery, LCA — left colic
artery, SA — sigmoid artery; SRA — superior rectal artery.
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the threshold density of 180 Hounsfield units was reached in the
lumen of the abdominal aorta due to the use of bolus monitoring
technology), venous-parenchymal phase (65 seconds after
contrast agent administration), delayed (5 minutes after contrast
agent administration). Nonionic iodine-containing preparations
were used as a contrast agent: Yogexol (350 mgl/ml),
Yopromide (370 mgl/ml), Yomeprol (400 mgl/ml), the rate of
administration was 3.5-4.0 ml/s. The volume of contrast agent
administered was determined in accordance with the patient's
weight at the rate of 1.0-1.5 ml per 1 kg of body weight. For
bolus administration of the contrast agent, an automatic two-
column Stellant CT injection system (MEDRAD) was used,
the administration of the contrast agent was followed by the
subsequent administration of a saline solution (30-50 ml).

The standard scanning protocol included the following
parameters: 120 kV tube voltage, automatic current modulation
depending on the human constitution was carried out in the
range of 80-500 mA with a standard deviation of 12.5 for
a cut thickness of 5.0 mm; collimation of 0.5x80 and 1.2x16
with subsequent reconstruction with a cut thickness of 0.5-1.2
mm. Further processing of the obtained images for the best
visualization of mesenteric arteries and veins was performed
at workstations (Vitrea, Syngo) with the transformation of the
obtained images in the modes of multiplanar reconstruction
(MPR), maximum intensity projection (MIP) and the
construction of three-dimensional images Volume Rendering
3D and Global Illumination (GIR) for the purpose of a detailed
assessment of vascular architectonics.

The assessment of the location of the main branches of the
inferior mesenteric artery was carried out according to the
Zebrowski classifications [33].

Thus the relative position of inferior mesenteric artery trunks
with the IMV with its branches was evaluated as the inferior
mesenteric artery trunks positioning and structure. The data
obtained were also classified in accordance with K. Murano
[40], in which, firstly, the medio-lateral interposition of IMV
and LCA in the projection of the inferior mesenteric artery
foundation level is estimated. Secondly, the anteroposterior
location of the vein in relation to the artery. To do this, the
arterial and venous phases of contrast were studied.

In addition, the accuracy of the abdominal CT scan was
analyzed by comparing intraoperative photographs with data
from preoperative abdominal CT data.

Statistical analysis:

Statistical processing of the results was carried out using
the SPSS Statistics 22 software. Quantitative variables were
described using the median. The [1? - test and Fisher's test are
used to assess the correlation with patient data. The unpaired
t-test and Fisher's test were used to compare different variants
of vascular anatomy. at p<0.05 were considered statistically
significant.

Results.

In addition to the 8 types described by W. Zebrowski [33] we
discovered 7 new additional types of inferior mesenteric artery
which in continuation of W. Zebrowski's classification were
assigned from I to O (Figure 1).

237

1. I — the superior rectal artery (SRA), 2 sigmoid arteries (SA)
and the left colic artery; (LCA) depart from the same point;

2.J — SRA, SA and LCA depart rosette-like from one point,
one SA departs from the LCA;

3. K - SRA, SA and LCA depart rosette—like from one point,
one SA departs from the LCA, the second - from the SRA;

4. L — SRA, SA and LCA depart rosette-like from one point,
one SA departs from the LCA;

5. M — 3 SA depart from the SRA in the form of a "crow's
foot";

6. N — SRA, LCA and a common trunk with three SA depart
rosette-like from one point;

7. There is no type O;

Thus, the total number of described types was 15.

This classification with 15 types is quite difficult to apply.
Thus, a new classification was proposed based on the principle
of the separation of the colic branches from the main trunk of
the inferior mesenteric artery. 3 surgically significant types of
vascular branching were identified (Figure 2). Type I — several
branches depart from the inferior mesenteric artery in separate
trunks; type I — all branches depart from the inferior mesenteric
artery forming a "crow's foot"; type III — a single trunk departs
from the inferior mesenteric artery which is divided into branches
throughout its length. According to this approach to the inferior
mesenteric artery anatomy the frequency of identified 3 types
of vascular branching is as follows: type I occurs in 54.2% of
cases; type Il —in 25.2%; type I1I — in 20.6% of cases.

After analyzing the patient data there were no significant
differences in the clinical characteristics of patients between
types I (n=116), II (n=54), III (n=44). (Table 5).

An inferior mesenteric artery anatomy presented by multispiral
computed tomography with contrast V/S intraoperative data
were compared. 9/214 patients had an additional small- caliber
sigmoid artery which was detected only intraoperatively and
was not visualized earlier with abdominal multispiral computed
tomography performed for diagnosis and surgery planning. The
sensitivity of the method was 95.8% (true-positive indicator in
205 patients, false- negative indicator in 9 patients), specificity
— 100% (false-positive indicator in O patients, true- negative
indicator in 214 patients). Thus, the accuracy of the method was
97.9%.

The decrease in sensitivity of the method is due to the small
diameter of the inferior mesenteric artery branches, which led
to their weak contrast. The presence of an additional sigmoid
artery affected the sensitivity and accuracy of the method, the
W. Zebrowski classification [24] with additional variants (15
types), but did not affect the proposed practical classification
(3 types).

According to the classification of K. Murano, the antero-
posterior positional relationship of LCA and inferior mesenteric
vein (IMV) was evaluated at the level of the inferior mesenteric
artery foundation. LCA passed in front of the IMV in 163 (76%)
patients, as in the remaining 51 (24%) patients, it was located
behind the IMV (Figure 6).

The schemes of positional relationship between the LCA and
the IMV at the base level of the inferior mesenteric artery are
shown in Figure 7. Type A — LCA is located medial to the IMV;



Figure 3. Type I by new classification of inferior mesenteric artery anatomy. Reconstructions of 232 GIR (4) and MIP images (B), intraoperative
photograph (C).

Figure 4. Type Il by new classification of inferior mesenteric artery anatomy. Reconstructions of GIR (4) and MIP images (B), intraoperative
photograph (C).

Figure 5. Type Il by new classification of inferior mesenteric artery anatomy. Reconstructions of GIR (4) and MIP images (B), intraoperative
photograph (C).
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Figure 6. Intersectional patterns of the left colic artery and inferior mesenteric vein. IMV — inferior mesenteric vein, LCA — left colic artery, IMA
— inferior mesenteric artery, SA — sigmoid artery, SRA — superior rectal artery. Vein was goigng anteriorly to inferior mesenteric artery in 24%

of cases and posteriorly —in 76%.

Figure 7. Positional relationship between the left colic artery and inferior mesenteric vein at the level of origin of the inferior mesenteric artery
was evaluated in the axial view. IMV — inferior mesenteric vein, LCA — left colic artery, IMA — inferior mesenteric artery, SA — sigmoid artery,
SRA — superior rectal artery. Type A was found in 31% of cases, type B — 53% and type C -16%

type B — LCA was located laterally to the IMV; type C — LCA
was located away from the IMV and the inferior mesenteric
artery. Among the 214 analyzed patients, type B was most
common — in 114 (53%) patients, while type A was found in
66 (31%) patients, and type C — in 34 (16%) patients (Figure 7).

Discussion.

In surgical practice 2 methods of crossing the inferior
mesenteric artery in colorectal cancer patients are described.
First - high ligation in which the inferior mesenteric artery is
crossed immediately in the base area. Second - low ligation in
which the inferior mesenteric artery is crossed distally to the
LCA [14]. High ligation simplifies the removal of paraortic
lymph nodes and makes the left half of the colon more mobile.
Low ligation allows maintaining a good blood supply to the
intestine and avoiding ischemia in the proximal part of the colon
and at the site of anastomosis [15,16].

In the meta-analysis by Mou-Bo Si et al., did not observed any
advantages of high inferior mesenteric artery ligation over low
inferior mesenteric artery ligation with apical lymph dissection
around the inferior mesenteric artery. The number of removed
lymph nodes, both the total number and the number around the
inferior mesenteric artery root, did not differ. Mou-Bo Si et al.
compared two different methods of low inferior mesenteric
artery ligation with and without apical lymph node dissection
around the inferior mesenteric artery. The authors concluded
that the total number of lymph nodes removed in the group with
low inferior mesenteric artery ligation without apical lymph
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dissection was significantly less than in the group with high
inferior mesenteric artery ligation, which apparently reflects the
advantage of high ligation. There was no difference between
the groups with low inferior mesenteric artery ligation with
apical lymph dissection around the main trunk of the inferior
mesenteric artery and the group with high inferior mesenteric
artery ligation [41]. This modified technique of low inferior
mesenteric artery ligation with apical lymph dissection was
originally used in clinical practice in Japan [41].

Anastomosis failure (frequency is 10%) is a serious
postoperative complication that occurs in patients who have
undergone radical surgery [42]. Anastomosis failure is also
associated with subsequent local relapse and distant metastasis,
as well as with an increase in the level of postoperative mortality
[42]. Thus, reducing the likelihood of it is crucial for good
surgical results. There are many risk factors for anastomosis
failure [40]. However, surgeons’ attention to the blood supply and
tension of the anastomosis, since intestinal anastomosis without
tension and with good blood supply is crucial for best result of
colorectal cancer radical resection [42]. Fan et al. reported that
the frequency of anastomosis failure was significantly higher in
the group with high inferior mesenteric artery ligation compared
with low one [43]. In a meta—analysis by Jinshui Zeng and
Guogiang Su was pointed that it was 9.8% in patients with high
inferior mesenteric artery ligation compared to 7.0% in patients
with low inferior mesenteric artery ligation [44].

Damage to the autonomic nerves is another common
postoperative complication of colon cancer surgery. Lumbar



visceral nerves, which are responsible for the functions of the
bladder, are located at the place where the inferior mesenteric
artery departs from the aorta. Thus, the frequency of urinary
system dysfunction in the group with low inferior mesenteric
artery ligation will be lower [41].

In recent years researchers in Japan have proved that during
surgery for colorectal cancer the safe distance for removing
the mesentery is a 10 cm from the tumor. Therefore, left-
sided hemicolectomy is performed extremely rarely since the
concept of selective ligation of tumor-feeding vessels is used.
When performing segmental resections of the colon the choice
of the border of the intersection of the colon is based on the
determination of the pathways of lymphogenic metastasis. The
regional lymph nodes of the mesentery are located along the
feeding vessels, therefore, when performing an extended lymph
dissection, the principle of crossing the inferior mesenteric
artery at its base can be used. However, such tactics can lead to
a violation of the blood supply to the left half of the colon and
this will require a cancer unjustified expansion of the volume of
resection. The solution to this problem is to perform vascular
skeletonization with selective removal of only some branches
of inferior mesenteric artery. In this case the volume of lymph
dissection will remain identical as with high inferior mesenteric
artery ligation. This approach allows not only to remove all
regional lymph nodes but also to maintain adequate blood
supply to the left half of the colon. For example, if the tumor
is located in the splenic flexure the left colic artery is bandaged
at the place of its departure from the inferior mesenteric artery;
if the tumor is located in the descending colon the left colic
and sigmoid arteries are ligated preserving the last sigmoid and
upper rectal arteries. When the tumor is located in the middle
third of the sigmoid colon, all the sigmoid arteries are ligated
with the preservation of the left colic and upper rectal arteries;
if the tumor is located in the distal part of the sigmoid intestine
the inferior mesenteric artery is ligated immediately after the
departure of the left colic artery.

To perform optimal removal of lymph nodes during segmental
resection of the colon the technique of vessel skeletonization is
used which is technically difficult since it is necessary to work
along the arterial wall [29,31]. During laparoscopic surgery
for colorectal cancer vascular structures may be incorrectly
identified and damaged due to ignorance of the variant anatomy
of the inferior mesenteric artery and the inferior mesenteric vein,
lack of tactile sensations and a narrowed field of vision which
leads to complications such as massive bleeding and intestinal
ischemia [24]. Therefore, the preoperative study of the variant
inferior mesenteric artery anatomy is so important. Knowing the
variant anatomy of the vessels before surgery it is possible to
make an operation [25-29,31].

It is extremely important for surgeons to know the features of
blood vessels anatomy before surgery.

Modern classifications of variant inferior mesenteric
artery anatomy are very difficult to apply. The most known
classification by W. Zebrowski describes 8 types of inferior
mesenteric artery branching but they have no practical value
for surgery [33]. In this regard optimization of the inferior
mesenteric artery anatomy variability meeting the requirements
of operating surgeons.
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As a result of the study 15 types of variant inferior mesenteric
artery anatomy were identified but due to the complexity
of using this knowledge in classification this will be of little
use in practice. A new classification was proposed which was
based on the principle of separation of the branches from the
main trunk of inferior mesenteric artery on the basis of which
3 surgically significant types of vascular branching were
identified. Classification, provided by Zeng S., et al., 2022 has
similar principle to our study which make problem of inferior
mesenteric artery branching more relevant [45]. This principle
is very important when performing inferior mesenteric artery
skeletonization since it is carried out along the main trunk of
the inferior mesenteric artery and it is important for the surgeon
to know how the branches depart from the inferior mesenteric
artery. The most frequent variant of the inferior mesenteric
artery branching is type 1.

The new classification, consisting of three types, was similar
to that of Hirokazu Yada et al., except that the author examined
the variability of the inferior mesenteric artery's anatomy using
an invasive imaging method—angiography—which is currently
not applicable for preoperative planning. We, however,
examined vascular anatomy using computed tomography with
intravenous contrast [46].

Preoperative assessment of the relationship between the LCA
and the inferior mesenteric vein (IMV) is important at the
level of the base of the inferior mesenteric artery, especially
in laparoscopic surgery. Since it is at the level of the inferior
mesenteric artery root there is the mesentery resection zone
and the upper border of lymph dissection in sigmoid and rectal
cancer are located.

Thus, abdominal CT angiography allows to clearly visualize
mesenteric vessels and their collaterals which helps in
preoperative planning of laparoscopic surgery for colorectal
cancer.

Conclusion.

1. The classification of inferior mesenteric artery anatomy has
been developed for practical usage - 3 surgically significant
types have been identified.

2. The accuracy 97.9% for abdominal CT angiography has
been determined by comparing the results of studies with
intraoperative data. The sensitivity of the method 95.8%, the
specificity 100%.

3. When analyzing the anterior-posterior vascular relationship,
the left colon artery passed anteriorly in relation to the inferior
mesenteric vein in 76% of patients. When analyzing the medio-
lateral arrangement of vessels, the most common variant
was when the left colon artery passed laterally to the inferior
mesenteric vein at the level of the base of the inferior mesenteric
artery (53%). In 16% of cases, the left colon artery passed away
from the inferior mesenteric vein and the inferior mesenteric
artery.
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