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Background: The inferior mesenteric artery (IMA) is the third main branch of the
abdominal aorta and arises at the level of L3, supplying the large intestine from

the distal transverse colon to the upper part of the anal canal. The aim of this
study was to characterise the course and morphology of the terminal branches of
the IMA, and also creating a new IMA classification, which seems to be necessary

for clinicians performing surgery in this area.

Materials and methods: The anatomical variations in the branching patterns of
the IMA were examined in 40 cadavers fixed in a 10% formalin solution. Morpho-
metric measurements were then obtained twice by two researchers.

Results: Due to the proposed classification system, type | characterised by

a common trunk preceding bifurcation into sigmoidal branches and the superior
rectal artery after giving left colic artery (LCA) occurred in 57.5% of cases, type I,
trifurcation type, in 25%, type Ill with the superior rectal arteries originating firstly from
the IMA in 5%, type IV with the ascending lumbar artery in 10% of cases and type V,
a novelty, in 2.5%. The origin of IMA was observed at the level of L2/L3 in 22.5%
of cases, at L3 in 25% of cases, at L3/L4 in 15% of cases, at L4 in 35% of cases and
at the level of L5 in 2.5% of cases. More than one third (38.1%) of total cases with
additional arteries and rapidly bifurcating branches occurred in types lll, IV, and V.
In women, only the IMA and LCA were significantly narrower than in men. Only
the diameter of the IMA correlated with the diameter of the superior rectal artery.

Conclusions: The IMA is characterised by high morphological variability. The
introduction of a new, structured, anatomical classification seems necessary for

all clinicians. (Folia Morphol 2021; 80, 4: 827-838)

Key words: anatomical variations, inferior mesenteric artery, left colic
artery, superior rectal artery, sigmoid branches, new classification,

cadavers
INTRODUCTION arterial blood to a significant portion of the gastroin-
The inferior mesenteric artery (IMA) is the third testinal tract — the distal 1/3 of the transverse colon,
main branch of the abdominal aorta and normally splenic flexure, descending colon, sigmoid colon and
arises at the level of L3. It transports and supplies rectum [14].
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The most common branches of the IMA include:
1) the left colic, which is located retroperitoneally
and supplies the descending colon; 2) the sigmoid
branches, which supply the sigmoid colon; and
3) the superior rectal artery or arteries, which are
the terminal branches of the IMA at the pelvic brim.
Nonetheless, the IMA shows considerable anatomic
variations. There have been reports of the left colic
artery arising from the abdominal aorta, the IMA
giving a branch to the left kidney or the left renal
artery arising from the IMA and also a lot of other
case reports, which describe numerous variations
[1,3,7,9, 12,13, 15].

Familiarity with anatomical variations of the IMA
is relevant to planning radiological and surgical pro-
cedures in the distal 1/3 part of the transverse colon,
splenic flexure, descending colon, sigmoid colon,
rectum and also in any deeply reaching interventions
in the left iliac and hypogastrium region like radical
resection with preservation of the left colic artery
for rectal cancer or embolisation [24]. Embolisation
is a remarkably versatile procedure used in nearly
all vascular and nonvascular systems to treat a wide
range of pathology. Embolisation is a minimally in-
vasive surgical technique. The purpose is to close the
lumen of the artery and prevent blood flow to an area
of the body, which can effectively shrink a tumour or
block an aneurysm.

The aim of our research is to determine variations
of the branch origin from the IMA and its anatomical
variations, including the occurrence of any additional
arteries in the Caucasian population, which may be rel-
evant to minimising complications after diagnostic tests
and surgical procedures. A novelty in this work is a new,
structured, anatomical classification that includes new
types of IMA branches and multiple additional arteries,
which are associated with more frequent selective end-
ovascular application of chemotherapeutics to tumours
of the transverse, descending or sigmoid colon, rectum,
surgical removal of its parts and also selective embo-
lisation. We hypothesize that the IMA is characterised
by high morphological variability.

MATERIALS AND METHODS
Forty cadavers, including 21 male (M) and 19 fe-
male (F) cadavers, were studied. They were fixed in
a 10% formalin solution. The specimens had no traces
of surgical intervention in the abdominal area. The
Local Bioethics Commission issued a consent for the
study (consent no. RNN/93/16/KE).
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The study was carried out with classical dissec-
tion techniques [17-20]. During the dissection, the
IMA morphology, the point where it branched off
the abdominal aorta in reference to the spine, the
presence of additional arterial branches and of quick-
ly-bifurcating arteries, i.e. those shorter than 2 cm,
were evaluated.

The next stage consisted in morphometric meas-
urements of the distance between the origin of IMA
and first bifurcation, between the first bifurcation and
the second, and between the common trunks from
which the final branches originated. Each arterial
diameter measurement was taken at the point of its
origin from the appropriate artery.

The measurements were taken with an electronic
calliper (Mitutoyo Corporation, Kawasaki-shi, Kana-
gawa, Japan). Each measurement was taken inde-
pendently twice by two people with high experience
in anatomical dissection, accurate within 0.1 mm as
in many other studies [16, 17, 20].

Ethical approval and consent to participate

The anatomical protocol of the study was accept-
ed by the Bioethics Committee of the Medical Univer-
sity of Lodz (resolution consent no. RNN/93/16/KE).
The cadavers belong to the Department of Anatomical
Dissection and Donation of the Medical University of
Lodz, Poland.

Statistical analysis

The type of IMA was compared between sexes
with the y? test. The normality of the diameter dis-
tribution was checked with the Shapiro-Wilk test.
As the data was not normally distributed in further
comparisons, non-parametric tests were used (the
Mann-Whitney, the Wilcoxon and the Kruskal-Wallis
ANOVA with a dedicated post hoc test). Correlation
was assessed with the Spearman’s rank coefficient.
Analysis was performed with the Statistica 13 soft-
ware (StatSoft Polska, Krakow, Poland). A p-value
lower than 0.05 was considered significant, and the
results are presented as mean and standard deviation
unless otherwise stated.

RESULTS

Evaluation of branching patterns of the IMA

Five main types of branching were distinguished
based on the morphology of the IMA. Additionally,
type | and type Il were subdivided into subtype IA,
subtype IB, subtype IC, subtype IIA and subtype IIB.
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Figure 1. Inferior mesenteric artery (IMA) branching type IA. Inde-
pendent origin of left colic artery (LCA), which further divides into
ascending colic artery (AscCA) and descending colic artery (DscCA);
SB — sigmoidal branch; SRA — superior rectal artery.

— Type | — exemplified by the presence of a common
trunk which bifurcates into a sigmoidal branch
and the superior rectal artery after giving the left
colic artery (LCA) or ascending and descending
left colic arteries, with the LCA itself being ab-
sent. Three subtypes were determined based on
different originating and branching patterns of
LCA. This type was present in 23 (57.5%) cases.

Type IA — an independent origin of the LCA
from the IMA; a common trunk preceding bi-
furcation into the ascending and descending
left colic arteries. An independent origin of
the sigmoid branch/branches and superior
rectal artery. This subtype was present in
10 (25%) cases (Fig. 1).

Type IB — an independent origin of the
LCA from the IMA; no bifurcation observed.
An independent origin of the sigmoid
branch/branches and superior rectal artery
(SRA). This subtype was observed in 8 (20%)
cases (Fig. 2).
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Figure 2. Inferior mesenteric artery (IMA) type IB. Independent
origin of left colic artery (LCA), no bifurcation; SB — sigmoidal
branches; SRA — superior rectal artery.

Type IC— independent origins of the branch-
es of LCA — ascending and descending left
colic arteries; no common trunk preced-
ing. An independent origin of the sigmoid
branch/branches and superior rectal artery.
This subtype was present in 5 (12.5%) cases
(Fig. 3).

— Type Il — trifurcation type — two subtypes were
determined based on different originating and
branching patterns of the LCA. This type was
observed in 10 (25%) cases.

Type IIA — the LCA; bifurcation into the left
ascending colic artery (AscCA) and left de-
scending colic artery (DscCA) preceded by
the common trunk, sigmoid branch/branch-
es and SRA originating from trifurcation of
IMA. This subtype was observed in 8 (20%)
cases (Fig. 4).

Type 1IB — the LCA; without bifurcation into
the ascending and descending arteries, sig-
moid branch/branches and the SRA originat-
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Figure 3. Inferior mesenteric artery (IMA) branching type IC. Lack of left colic artery, ascending colic artery (AscCA) and descending colic
artery (DscCA) originating directly from IMA; SB — sigmoidal branch; SRA — superior rectal artery.

Figure 4. Inferior mesenteric artery (IMA) branching type IIA. Tri- Figure 5. Inferior mesenteric artery (IMA) branching type IIB —
furcation type with left colic artery (LCA) branching off ascending trifurcation type with absence of left colic artery (LCA) bifurcation;
colic artery (AscCA) and descending colic artery (DscCA); SB — SB — sigmoidal branch; SRA — superior rectal artery.

sigmoidal branch; SRA — superior rectal artery.
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Figure 6. Inferior mesenteric artery (IMA) branching type Il —
superior rectal arteries (SRA) originating firstly; LCA — left colic
artery; SB — sigmoidal branches.

ing from trifurcation of IMA. This subtype
was present in 2 (5%) cases (Fig. 5).

— Type lll — the superior rectal artery (arteries)

originating firstly from the IMA, the common
trunk preceding bifurcation into the sigmoidal
branch/branches (SB) and LCA. This type was pres-
ent in 2 (5%) cases. In both of them, two SRAs
were observed instead of a single one and, to our
best knowledge, this branching pattern has not
been previously observed in studies on IMA (Fig. 6).
Type IV — the ascending lumbar artery originating
independently from the IMA, the common trunk
dividing into the LCA and main SB, second sigmoid
branch and SRA originating independently from
the IMA. To our knowledge, this type was observed
in 4 (10%) cases. This branching pattern has not
been previously classified by other authors (Fig. 7).
Type V — the ascending LCA originating inde-
pendently from the IMA. The first bifurcation of
IMA divides it into the common superior rectal
trunk and the common trunk branching off into
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Figure 7. Inferior mesenteric artery (IMA) branching type IV —
ascending lumbar artery (ALA) originating from IMA; LCA — left
colic artery; AscCA — ascending colic artery; DscCA — descend-
ing colic artery; SB — sigmoidal branch; SRA — superior rectal
arteries.

the descending LCA and the common trunk for
sigmoidal branches (2). The ascending and de-
scending left colic arteries create an anastomose,
which has a further connection with the marginal
artery of Drummond upwards, and with sigmoi-
dal branches downwards. This type was present
only in 1 (2.5%) case. To our best knowledge,
this branching pattern has not been previously
classified by other authors (Fig. 8).

Evaluation of the level of the IMA origin

The study revealed five different variations of the

level of the IMA origin:

1.

At the level of the intervertebral disc between
the second and third lumbar vertebra — 22.5%
(9/40) observed respectively:

in type | — 21.7% of cases (5/23);

in type Il — 20% of cases (2/10);

in type Il — 50% of cases (1/2);

in type IV — 25% of cases (1/4).
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Figure 8. Inferior mesenteric artery (IMA) type V — rare case of IMA branching off ascending colic artery (AscCA) firstly, which further
anastomose multiple times with descending colic artery (DscCA), DscCA and sigmoidal branch, which further divides, originating from IMA
bifurcation; SRA — superior rectal arteries; SB — sigmoidal branches.

2. At the level of the third lumbar vertebra — 25%
(10/40):

— intype | — 26.1% of cases (6/23);
— in type Il — 30% of cases (3/10);
— in type IV — 25% of cases (1/4).

3. At the level of the intervertebral disc between
the third and fourth lumbar vertebra — 15%
(6/40).

— in type | — 13% of cases (3/23);
— in type Il — 10% of cases (1/10);
— in type IV — 25% of cases (1/4).
4. Atthe level of the fourth lumbar vertebra — 35%
(14/40).
— in type | — 34.8% of cases (8/23);
— in type Il — 40% of cases (4/10);
— in type Il — 50% of cases (1/2);
— in type V— 100% of cases (1/1).
5. At the level of the fifth lumbar vertebra — 2.5%

(1/40), which, to our best knowledge, is a case
that has never been reported before — observed
in type | of the branching pattern.

Evaluation of the occurrence of additional SBs or
SRAs
The study revealed:
1. The occurrence of more than one sigmoidal
branch — observed in nine (22.5%) cases.
— type | —in 3 cases, which is 33.3% (3/9);
— type lll —in 2 cases, which is 22.2% (2/9);
— type IV —in 4 cases, which is 22.2% (4/9).
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2. The occurrence of the quickly bifurcating sigmoi-
dal branch — observed in 5 (12.5%) cases.
— type | —in 3 cases, which is 60% (3/5);
— type Il —in 1 case, which is 20% (1/5);
— type V—in 1 case, which is 20% (1/5).
3. The occurrence of more than one superior rectal
artery — present in 6 (15%) cases.
— type |l —in 2 cases, which is 33.3% (2/6);
— type IV —in 4 cases, which is 66.7% (4/6).
4. The occurrence of the quickly bifurcating superior

rectal artery — present in 1 (2.5%) case.
— type V.

Types I, IV and V constituted 66.7% of total cases,
where more than one SB occurred; 20% of total cases,
where the quickly bifurcating SB occurred; 66.7% of
total cases, where more than one SRA occurred; and
the only case with the occurrence of the quickly bi-
furcating superior rectal artery which formed type V.

Evaluation of differences in types of IMA
branching between sexes

In Table 1, we presented the distribution of types
in general and according to sex. There was no signif-
icant difference in types of IMA branching between
females and males (p = 0.0853).

Evaluation of differences in arterial diameter
between sexes

In women, only the IMA and LCA were significantly
narrower than in men (Table 2).
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Table 1. Types of the branching pattern according to sex

Type Females Males Total
IA 4(21.05) 6 (28.57) 10
B 4(21.05) 4(19.05) 8
IC 3(15.79) 2(9.52) 5
IIA 1(5.26) 7(33.33) 8
1B 2(10.53) 0(0.00) 2
[l 2(10.53) 0(0.00) 2
v 2(10.53) 2(9.52) 4
Vv 1(5.26) 0(0.00) 1

Table 2. Comparison of arterial diameter between sexes [mm]

Type Females Males P

Inferior mesenteric artery 4,02 (0.56) 4.58(0.93) 0.0292
Left colic artery 2.42(0.56) 3.14(0.83) 0.0060
Ascending colic artery 2.31(0.52) 2.61(0.75) 0.2930
Descending colic artery 2.09(0.54) 1.97(0.33) 0.5048
Main sigmoid artery 2.05(0.65) 2.17(0.83) 0.6130
Main superior rectal artery ~ 2.85(0.68)  3.17(0.91) 0.2222

Evaluation of the relationship between the level
of IMA arising from the aorta and type of its
branching

The differences were not significant (Table 3).

Evaluation of the relationship between diameters
of IMA branches and type of its branching

Diameters of evaluated arteries according to type
of branching are presented in Table 4.

The average diameter of DscCA was different be-
tween types (p = 0.00042). This difference is caused
by its significantly smaller diameter in type IA in
comparison to type IC and type V.

The mean diameter of the main sigmoid artery was
different between types (p = 0.0007). This difference
is caused by a significantly smaller diameter in type IA
than in type IB, lIA and V and a significantly smaller
diameter in type IC in comparison to type IB and also
a significantly smaller diameter in type lll compared
to types IB and V.

The average diameter of the main SRA was also
different between the types (p = 0.0003). This dif-
ference is caused by its significantly smaller diameter
in type IA in comparison to types IB, lIA, 1IB and V
and also a significantly smaller diameter in type IV in
comparison to type lIA.

There was no significant difference in the diameter
of the LCA (p = 0.0121) and AscCA (p = 0.0106).

The diameter of IMA was reduced after giving rise
to the LCA (IMA before branching 4.39 = 0.90 mm
vs. IMA after branching 3.64 + 0.77 mm, p = 0.0001).

Evaluation of the IMA diameter impact on other
arteries

In the correlation analysis, only the diameter of
IMA correlated with the diameter of the superior
rectal artery (Table 5).

DISCUSSION

The key value of the present work is that it pre-
sents a systematic classification of IMA branching
patterns and its origin based on anatomical dissec-
tion. It studies the occurrence of additional sigmoidal
branches or superior rectal arteries and raises the
question whether there are any branching patterns
in which we can expect such variations. Furthermore,
the research reveals a few cases, which to our best
knowledge have not been presented before. It also
raises the question of whether the IMA is character-

Table 3. The relationship between the level of inferior mesenteric artery arising from the aorta and type of its branching. Percentage

for type is presented in parenthesis (p = 0.7818)

Type L2/3 L3 L34 L4 L5

IA 5 (50%) 4 (40%) 0(0%) 1(10%) 0(0%)
B 0 (0%) 2(25%) 2(25%) 3(37.5%) 1(12.5%)
IC 0 (0%) 0 (0%) 1(20%) 4 (80%) 0(0%)
1A 2 (25%) 3(37.5%) 1(12.5%) 2 (25%) 0(0%)
IIB 0(0%) 0 (0%) 0(0%) 2(100%) 0(0%)
Il 1(50%) 0 (0%) 0 (0%) 1(50%) 0(0%)
v 1(25%) 1(25%) 2 (50%) 0(0%) 0(0%)
v 0 (0%) 0 (0%) 0 (0%) 1(100%) 0(0%)
Total 9 10 6 14 1
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Table 4. Diameters of arteries according to the branching pattern [mm]

Type Inferior mesenteric Left colic Ascending colic Descending colic Main sigmoid Main superior rectal

artery artery artery artery artery artery
IA 4.14(0.64) 2.44 (0.56) 2.07(0.51) 1.73(0.35) 1.56 (0.25) 2.20(0.22)
B 4.80(1.28) 3.50(1.08) 2.68(0.93) 3.47(0.75)
IC 4.76 (1.03) 2.33(0.27) 2.47(0.19) 1.60 (0.34) 2.76 (0.56)
1A 4.07(0.52) 3.10(0.42) 3.11(0.63) 2.01(0.27) 2.42(0.28) 3.73(0.69)
1B 4.12(0.06) 2.05(0.22) 2.84 (0.54) 3.80(0.71)
[l 4.39(0.09) 1.98(0.05) 1.53 (0.50) 2.90(0.02)
v 3.84(0.12) 2.60(0.47) 1.91(0.54) 2.47(0.11)
v 3.85(0.00) 2.79(0.00) 2.65(0.00) 2.64(0.00) 3.79(0.00) 4.17 (0.00)
P 0.3589 0.0121 0.0106 0.0042 0.0007 0.0003

Table 5. Correlations between the diameter of inferior mesente-
ric artery (IMA) and other arteries

Correlation of IMA diameter with R P

Left colic artery 0.3239 0.0577
Ascending colic artery 0.0249 0.9081
Descending colic artery 0.1334 0.5343
Main sigmoid artery 0.1682 0.2994
Main superior rectal artery 0.3542 0.0250

ised by high morphological variations such as the
coeliac trunk.

Our proposed classification for the IMA is num-
bered from the most frequent to the least, and is
divided according to morphology: although type IlI
(5%) occurred less frequently than type IV (10%), the
branching pattern of type Il includes only arteries
physiologically posing branches of IMA. In contrast,
type IV consists of ascending lumbar artery, which is
not a default branch of the IMA.

One of the first classifications was formulated by
Testut and Latarjet [25] in the 20™ century, and it cov-
ered two branching types — type |, separate LCA origin
and type ll, fan-shaped branching pattern [21]. Patroni
et al. [21] used the Latarjete’s classification to analyse
113 patients. The present research showed that type |
occurred in 80 patients and type Il in 33 patients (Ta-
ble 5). In comparison to the Latarjete’s classification,
type | was found in 60% of cases and type Il in 25%
of cases in our study. A more extensive classification
can be found in a study of 115 inferior mesenteric
arteries performed by Zebrowski et al. in 1971 [28].
In the specimens they investigated, four forms of the
IMA were observed:

— form 1 — the IMA divided into the LCA and com-
mon rectal-sigmoid trunk. Available database does
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not contain the results concerning the frequen-

cy of branching pattern types presented in their

study;

— form 2 — the IMA divided into the superior rectal
and colosigmoid trunk;

— form 3 — the IMA divided into two large arterial
trunks: rectal-sigmoid and colosigmoid;

— form 4 — trifurcation type.

The research carried out by Zebrowski et al. [28]
widely describes variations in the morphology of IMA
and often suggests multiple anastomoses occurring
between the majority of secondary branches, which
is nowadays considered as a norm in the immediate
vicinity of the wall of the large intestine and rectum.
There is a strong connection between the classifi-
cation proposed in 1971 and ours: type | from the
present study and form | from the Zebrowski’s re-
search are almost the same. Similarly, form 3 (from
the Zebrowski’s research) and type IV described in
our study with the inclusion of the ascending lumbar
artery and also form 4 from the previous classification,
is identical as our type Il. However, the main difference
between these classifications is that in our classifica-
tion types are strictly based on the branching pattern
of IMA and subtypes are distinguished based on the
morphology of the biggest and in vast majority of
cases first branch of the IMA — left colic artery — in
contrast to the research done by Zebrowski et al.
[28], where sigmoidal branches were used as a dif-
ferentiating factor. We consider our idea as an inno-
vation and improvement. One of relatively few IMA
studies performed on foetuses has been conducted
by Nuzhat [15]. A group of 100 cases was subjected
to dissection to observe the origin and branching
pattern of the IMA. The research has shown that the
IMA branched off the abdominal aorta at the level of
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L3 in 99 (99%) cases and only in 1 (1%) case at the
level of L1. Out of 100 foetuses, 5 foetuses showed
a variation — in 1 foetus, the LCA was arising from
the abdominal aorta, and in 3 foetuses, the IMA was
giving a branch to the left kidney. Ke et al. [11] also
have done research on anatomical variations of the
IMA and LCA. It was evaluated by three-dimensional
(3D) computed tomography angiography (CTA) and
performed on 188 patients with abdominal and pelvic
contrast-enhanced CT scans, which were retrospec-
tively enrolled and 3D-CTA was reconstructed [11].
However, the proposed classification is different from
that by Zebrowski et al. [28]:

— type 1 — the LCA arose independently from the

IMA;

— type 2 — the LCA and SB were given off at the
same point;

— type 3 — the LCA and sigmoid arteries were
branched from a common trunk from the IMA;

— type 4 — the LCA was lacking.

Similarly, as in our study, the LCA was used as
a differential factor in describing various types of the
branching pattern of IMA. However, there are some
key differences. The research performed by Ke et al.
[11] was focused on the LCA and sigmoid arteries
— the classification does not mention any SRA and
its position relative to a branching pattern, which
can be seen as a significant feature in our type IlI,
where superior rectal arteries are originating prior to
other branches. Type 4 in Ke's study [11] may seem
unspecified because the lack of LCA in type 4 can be
interpreted as if there was no LCA and its branches
and also as absence of LCA where its branches — Asc-
CA and DscCA — are originating directly from IMA
(type IC referring to our classification), which can be
crucial in planning surgeries like rectal cancer surgery
procedures. That research distinguishes only the situ-
ation where the level of IMA origin is below the upper
border of L3 and cephalic to upper border of L3, while
in our study we described precisely the number of
vertebrae at which the origin of IMA was observed.
Research results described by different authors are
presented and compared in the Tables 6 and 7.

The unique origin points of IMA at the level of fifth
lumbar vertebra (L5) to our best knowledge have not
been reported before and figure as a novelty. Another
issue our research is questioning is the evaluation of
occurrence of additional sigmoidal branches or su-
perior rectal arteries and their potential connection
to the branching pattern.
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Table 6. The differences between the types of different authors

Author

Absence of LCA

TypelV.  TypeV

Type lll

TypellA  TypeliB

TypelA  TypelB  TypelC  Typell

Typel

Number of cases

Type of examination

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
29
Occurred
21.1

n
Occurred

113
115
188

CcT
AD

Patroni et al. [21]
Zebrowski et al. [28]

Occurred

4.8

20.7

CT 473

AD

Keetal. [11]

25

10

25 20 125 25 20

515

40

Balcerzak (present study)

left colic artery

AD — anatomical dissection; CT — computed tomography; LCA
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Table 7. Different origin points of inferior mesenteric artery in different studies

Author L1 (%) L2A3 (% L3 (%) L3/14 (%) L4 (%) L4/L5 (%) L5 (%)

Zebrowski et al. [21] - 35 67 20 18 1.7 -

Keetal. [11] 88.3 88.3 88.3 1M1 1.7 1M 1M1

Nuzhat (Foetuses) [15] 1 - 99 - - - -

Balcerzak (present study) - 225 25 15 35 - 25

The results presented in this study reveal that in of the aorta. The superior of the two was directed su-

every case where type IV or type V were observed, periorly and gave rise to two branches [3, 12, 15, 27].
more than one sigmoidal branch and more than one Coeliac trunk is surely an artery that shows great
superior rectal artery occurred. Furthermore, 57.1% variability in large numbers [20, 23, 26]; however, to
(12/21) of discussed variations occurred in types Ill, answer the question whether IMA is characterised by
IV, and V. That raises a question whether types IV and as high morphological variations as the coeliac trunk,
V can be characterised by multiple secondary branch- in our opinion, there is a need to further analyse and
ing bifurcations. In our opinion, further research is study the IMA branching patterns.
necessary to approve or deny this thesis. The same as Laparoscopic surgery for colorectal cancer has
for the coeliac trunk, the IMA is a major branch of the recently gained wide clinical acceptance. However,
abdominal artery and has a vital function in supplying due to the narrow view and lack of tactile sensation
a significant part of the digestive system. However, is under laparoscopy, vascular bifurcation and variations
IMA characterised by high morphological variations could be misidentified and injured, which may cause
such as the coeliac trunk? The answer to that question severe complications, such as massive bleeding and
is not simple, as the coeliac trunk has been a sub- bowel ischaemia [4]. Therefore, it is required to be
ject of multiple studies since antiquity, where Galen preoperatively aware of the arterial branching or var-
was the first to describe the distribution of coeliac iations, which are very helpful for surgeons to make
trunk branches. He concluded during his research pre-operative strategies and perform safe and rapid
that blood supplying the stomach, liver, and spleen vessel ligation and lymph node dissection.
comes from another source than the blood supplying Locating the origin of the IMA is also the first key
the intestines [20]. According to Poynter [22], IMA step in rectal cancer surgery.
has not been extensively studied before 1922 and the Many surgeons prefer to perform high ligation of the
literature was not very extensive. The artery would ap- IMA during rectal cancer surgery to gain complete lym-
pear to be rather stable and not subject to much var- phadenectomy and better mesenteric mobilisation [5, 8].
iation. Cavasse (1856) [6] found an accessory hepatic Low ligation of IMA is recommended to protect
artery as one of its branches and noted that it occa- blood supply of anastomosis during rectal cancer sur-
sionally furnishes renal branches. Vicq D'Azyr [see 2] gery. However, it increases the operational difficulty
reported the absence of a connection between the under laparoscopy because of the lympho-adipose
middle colic and the left colic arteries. Poynter [22] tissue surrounding the IMA trunk and the highly
observed a middle colic artery that arose as a large variant pattern of IMA bifurcation, especially when
branch from the left colic near its origin [3]. With the some dense fibrous tissue surrounding IMA seems
passing of time and the increasing number of tests like vessel branch [10, 11].
performed, the object of which was IMA, the number If the branching pattern of the IMA trunk and addi-
of occurring variations increased: duplication of this tional secondary branches were preoperatively visualised,
artery has been reported. The IMA may arise from the these surgical procedures would be much less challeng-
left common iliac artery. Its left colic branch may be ing, but if the visualisation is not possible and surgeons
absent. The IMA occasionally encroaches on the terri- during the procedure notice a branching pattern which
tory of the superior mesenteric artery, can be replaced can be often related to the occurrence of additional
by the superior mesenteric artery, or originates from it. sigmoidal branches or superior rectal arteries, they can
In the place of a single inferior mesenteric trunk, two react properly, suspect a possible expanded branching
arteries originated from the aorta 2.6 cm apart, the connection and gain valuable knowledge resulting in
inferior one located 3 ¢cm superior to the bifurcation successful operations without any complications.
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Although the subject of this paper has previous-
ly been examined in previous studies, our findings
highlight some previously unobserved variations. Fur-
thermore, the present study collects, summarizes,
and develops the classifications of previous authors,
extends them with new types and subtypes, studies
the relationships between the IMA branching pattern
and the occurrence of additional secondary arterial
branches, as well as between this pattern and its level
of origin. Moreover, this study takes up the subject
of IMA diversity, compares it to the coeliac trunk
and provides a clear division between the IMA types
and their nomenclature, which seems necessary for
all clinicians.

Every research expanding our knowledge about
the IMA as well as other major blood vessels is inval-
uable because it leads us to a better comprehension
of how it originates, which are its branching patterns,
and when we can suspect any additional branches or
arteries and connections between these features, as
they provide better outcomes of surgical procedures
and increase the quality of life for our patients.

Limitations of the study

The present study does have some limitations. One
of them is the heterogeneous nature of the classifica-
tion which depends on several morphological details,
such as a type of their arising. Due to the possible
margin of error resulting from the potential presence
of atherosclerotic lesions and related deformations,
as well as changes in the direction of the aorta, our
analysis of IMA origin points should be taken with
caution. Finally, as this is only an anatomical study,
a spectrum of variation could be presented; further
studies should examine the potential value of an-
giography or magnetic resonance imaging for this
purpose. Nonetheless, this study helps raise aware-
ness of “what and where” to look for, and offers
a uniform classification and terminology which can
be used as a foundation for communication with
surgeons, particularly those harvesting tendons for
transplants. The small size of the research sample
(n = 40) also presents a limitation; even so, this
group is larger than used in anatomical studies. In
addition, it should be noted that there are significant
limitations in the availability of this type of material.

CONCLUSIONS

The presented classification is based on the ma-
jor branch of IMA — left colic artery — as the most
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important differential factor and also on sigmoidal
branches as well as the SRA. It consists of detailed
specifications of most important bifurcations occur-
ring during the course of IMA: type | in 57.5% of
cases, followed by type Il in 25% of cases, type lll in
5% of cases, type IV in 10% of cases, and type V, as
novelty, in 2.5% of cases.

The results revealed that there is a significant
probability (38.1%) of the occurrence of additional
sigmoidal branches or superior rectal arteries in types
I, IV and V.

The study includes a few novelties, which, to our
best knowledge, have not been presented before: the
case of IMA branching pattern called in our classifica-
tion as type V, which consists of the ascending lumbar
artery, two cases of IMA branching pattern called in
our classification as type Ill with two superior rectal
arteries originating firstly from the IMA and the case
of the unique origin point of IMA from the abdominal
artery at the level of fifth lumbar vertebra (L5).
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