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Abdominal Aorta and Its Branches:
Morphometry - Variations In Autopsy Cases
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ABSTRACT

Aim: Knowing the morphology of abdominal aorta (AA) and its branch-
es are important as regards to diagnosis and surgical treatment. The
aims of this study were to a) make morphometric measurements of AA
and its branches, b) to investigate sites of the origins of the branches
and their relationships and variations, and c) to compare the results
with literature.

Method: Ninety-five AA which had been removed in autopsies were
measured with caliper morphometrically to determine diameters of
branches and distances between branches. Possible variation of the
vessels were investigated and photographed.

Result: It was found that diameters of celiac trunk (CT), superior
mesenteric artery (SMA) and inferior mesenteric artery (IMA) were
6.43+1.59 mm, 7.38+1.67 mm and 3.61+0.72 mm respectively. The dis-
tances between CT and aortic bifurcation (AB), CT and SMA, SMA and
IMA, IMA and AB were 107.21+11.46 mm, 14.34+2.67 mm, 57.76+8.04
mm, 35.20+7.41 mm respectively. Numerous variations were observed
during the study. These variations involved inferior phrenic artery
(single trunk arising from CT, 4.2%), renal artery-RA (duplicated right
RA 9.5%, duplicated left RA 4.2%, bilaterally duplicated 3.1%, %16.8
total multiple RA), gonadal arteries-GA (single GA, 1%), lumbar arter-
ies-LA (3 pairs of LA 11.5%, 3rd or 4th LA arising as single trunk 3.1%)
and median sacral artery (agenesis 2.1%).

Conclusion: Knowledge of morphology of AA and its branches is impor-
tant in regards to the diagnosis, surgical treatment and endovascular
interventions of these vessels. We think our study will contribute to
the medical education and clinical medicine in our country.
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Abdominal aorta and branches: morphometry-variations

Aorta Abdominalis ve Dallari: Otopsi Olgularinda Morfometri ve Varyasyonlari

Amac: Abdominal aorta ve dallarinin morfolojisini bilmek tani ve cerrahi tedavi acisindan énemlidir. Bu calismanin amaci a)
Aorta abominalis (AA) ve dallarinin morfometrik él¢timlerini yapmak b) Dallarin k6ken aldigi yerleri, iliskilerini ve varyasyonlarini
arastirmak c) Sonuclari literattirle karsilastirmaktir.

Metod: Otopsilerde cikarilan 95 AA, dallarin caplarini ve dallar arasindaki mesafeyi belirlemek amaciyla kumpas ile morfometrik
olarak olciildi. Olasi damar varyasyonlari incelendi ve fotograflandi.

Bulgular: Truncus coeliacus (TC), a. mesenterica superior (AMS) ve a. mesenterica inferior’un (AMI) caplari sirasiyla 6.43+1.59
mm, 7.38+1.67 mm ve 3.61+0.72 mm olarak bulundu. TC ile bifurcatio aortae (BA), TC ile AMS, AMS ile AMI, AMI ile BA aras1 me-
safeler sirasiyla 107.21+11.46 mm, 14.34+2.67 mm, 57.76+8.04 mm, 35.20+7.41 mm olarak bulundu. Calisma sirasinda cok sayida
varyasyon gozlendi. Bu varyasyonlar a. phrenica inferior (TC’den tek kok olarak ¢cikmasi, %4.2), a. renalis (AR) (sagda cift AR %9.5,
solda cift AR %4.2, bilateral cift AR %3.1, toplam cift AR %16.8), a. gonadalis(tek AG %1), a. lumbalis( 3 cift AL %11.5, 3. veya 4.
AL nin tek kok olarak cikmasi %3.1) ve a. sacralis mediana (agenezis %2.1) ile ilgili idi.

Sonuc: Abdominal aorta ve dallarinin morfolojisini bilmek tani, cerrahi tedavi ve bu damarlarla ilgili endovaskiiler girisimler

acisindan 6nemlidir. Calismamizin llkemizdeki tip editimine ve klinik bilimlere katkisi olacagina inaniyoruz.
Anahtar kelimeler: Aorta abdominalis, dallar, varyasyon, morfometri.

INTRODUCTION

The abdominal aorta (AA) begins at aortic hiatus of the
diaphragm, anterior to the inferior border of the 12th
thoracic vertebra and the thoracolumbar intervertebral
disc. It descends anterior to the lumbar vertebrae to end
at the lower border of the 4th lumbar vertebra, slightly to
the left of the midline, by dividing into two common iliac
arteries. It diminishes in calibre from above downward,
giving off its branches. The branches of AA are grouped
into anterior, lateral and dorsal branches. The anterior
and lateral branches are distributed to the viscera. The
dorsal branches supply blood to the body wall, vertebral
column, vertebral canal and its contents (1,2). The celiac
trunk (CT) is the first anterior branch of AA and it arises
from the AA immediately below the aortic hiatus at the
level of T12-L1 vertebra. It is c. 1.5-2 cm long. Superior
mesenteric artery (SMA) originates c. 1 cm below the CT,
at the level of the L1-L2 intervertebral disc. The inferior
mesenteric artery (IMA) arises from the anterior or left
anterolateral aspect of the AA at the level of L3 and 3-4
cm above aortic bifurcation (AB). Inferior phrenic arter-
ies (IPA) arise just above the CT. The left and right middle
suprarenal arteries (MSRA) arise from the lateral aspect
of AA, level with the SMA. The left and right renal arteries
(RA) originate just below SMA and the right arises slightly
higher than the left. Gonadal arteries (GA) arise inferior
to the RA. Lumbar arteries (LA) arise from the postero-
lateral aspect of AA and there are usually 4 pairs. Median
sacral artery (MSA) is a small branch that arises from the
posterior aspect of the aorta a little above its bifurcation
(1,3). Variations in AA and its branches are frequently ob-
served and they occur due to embryological developmen-
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tal changes (4-6). For example IPA and CT may originate
from AA as a single common trunk or a fifth pair of LA may
occasionally arise from the MSA (1).

Knowledge of morphology of AA and its branches is im-
portant in regards to renal transplantation, renal trauma
surgery, radiological imaging and surgical treatment of
aortic aneurysms (7,8). Variations of GA should be noted
while performing surgical and radiological procedures
on kidneys (4). IPA is the most common source of extra-
hepatic collateral blood supply for hepatocellular carci-
noma (HCC) and frequently supplies HCCs located in the
bare area of the liver. Therefore anatomy of IPA should be
known for surgical treatment of this tumor (9). Knowledge
of the anatomical variations of LA is important for surgi-
cal operations involving the retroperitoneal region (10).
The aim of this study was to a) make morphometric mea-
surements of AA and its branches, b) to investigate sites
of the origins of the branches and their relationships and
variations, and c) to compare the results with literature.

MATERIALS AND METHODS

Our study was performed on 95 AA specimens which
were obtained from Specialized Committee of Morgue
at Council of Forensic Medicine by their permission.
Measurements were done in Afyon Kocatepe University,
School of Medicine, Department of Anatomy in 2007.
Specimens of AA and its branches which had been re-
moved in autopsies were measured with analog caliper
morphometrically to determine diameters of branches
(CT, SMA and IMA) and distances between branches (CT-
AB, CT-SMA, SMA-IMA and IMA-AB). Results were shown
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Figure 1. Bilateral double renal artery (RA).
AA: Abdominal aorta, CT: Celiac trunk, RA: Renal artery, SMA: Superior mesenteric
artery

as meansstandard deviation. The demographic char-
acteristics of the cases (sex, age, height and weight)
and any encountered variations and anomalies were
recorded during the macroscopical observations. Great
care was taken not to change the course of arteries. The
structures of the AA and variations were photographed
using a digital camera (Canon Power-Shot G5, Japan).

RESULTS

Demographic results; 66 (69.47%) of the bodies from
which the specimens were taken were males, 29 (30.53%)
of them were females. Mean age was 38.83+18.29 years
(males 37.17+£17.69, females 42.62+20.64), mean height
was 166.12+10.32 cm (males 169.14+9,41, females
159.24+9.02), mean weight was 67.53+16.72 kg (males
71.08+£16.61, females 59.45+14.14). There was a statis-
tically significant difference between height (0.000) and
weight (0.001) of males and females.

Morphometric results; a- Diameter measurements:
The diameters of CT, SMA and IMA were found to be
6.43+1.59 mm, 7.38+1.67 mm, 3.61+0.72 mm, respec-
tively. b- Distance measurements: Distances between
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Figure 2. Inferior phrenic artery (IPA) arising as a

single trunk from celiac trunk (CT).
AA: Abdominal aorta, CT: Celiac trunk, IPA: Inferior phrenic artery, SMA: Superior
mesenteric artery

CT-AB, CT-SMA, SMA-IMA and IAM-AB were measured as
107.21£11.46 mm, 14.34+2.67 mm, 57.76+8.04 mm,
35.20+7.41 mm, respectively. There was no statistically
significant difference between sexes in regards to diam-
eter and distance values.

Variations: Numerous variations were observed during
the study. These variations involved IPA (single trunk
arising from CT, 4.2%), RA (duplicated right RA 9.5%, du-
plicated left RA 4.2%, bilaterally duplicated 3.1%, %16.8
total multiple RA), GA (single GA 1%), LA (3 pairs of LA
11.5%, 3rd or 4th LA arising as single trunk 3.1%) and MSA
(agenesis 2.1%).

DISCUSSION

We think that the demographic information of the ca-
davers from which the specimens were taken is consis-
tent with the demographic data of adults in our country.
Therefore, we think that the results obtained from AA
and its branches can be considered as data belonging to
the average individuals. The diameter of CT was found
to be 7+0.6 mm in a study of 21 cadavers (11). It was de-
termined as 8 mm in another series (12). We found it as
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Parasitosis in appendectomy cases

6.61+1.67 mm in our series. SMA diameter was observed
as 6.6 mm in a case report in literature (13). We found
it as 7.38+1.67 mm in our study. Our findings are similar
to those in literature.

Variations of the branches of AA and their relations
to surrounding structures are important in regards to
intra-abdominal surgery. Many variatons of these ves-
sels have been reported in the literature. The arteries
that show frequent variations include CT, RA and GA (4).
Deepthinath et al. reported variations in an adult ca-
daver which were double RA, double GA, MSRA and IPA
that branched from the CT on the left side. The IPA and
MSRA arose from the right RA on the right side (4).

In a study by Saldarriaga et al. conducted on 196 cadav-
ers multiple RA were observed in 22.3% of the specimens
and also double RA were more frequently observed on
the left side (14). We found multiple RA rate to be lower
(16.8%) and double RA were more frequently observed
on the right side. Our findings were different from those
of Saldarriaga et al.

Cavdar et al. reported a case of left IPA and left gastric
artery arising from the long CT via a common trunk (5).
In a series of 330 cadavers, Loukas et al. determined
that right and left IPA originated from CT in 40% and
47% of the specimens, respectively (15). We observed in
our series that IPA arose from CT as a common trunk in
3 cases (3.1%).

In one of these 3 cases, right IPA was observed to have
originated from CT unilaterally. The other 2 cases were
bilateral. However, one of the latter 2 cases was consid-
ered to be doubtful since the origins of IPAs could not
have been identified depending on improper dissection
technique. Also our finding can be controversial due to
the technique used for obtaining the specimens. Basar
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Figure 3. 3 pairs of lumbar arteries
( LA ) AA: Abdominal aorta, LA: Lumbar artery

et al. reported a case of CT agenesis detected in angi-
ography (16). We did not encounter any CT agenesis in
our series. Demirtas et al. reported a rare variation of
the branching of the CT (17). There are many studies on
CT anomalies found in literature. This clearly indicates
that CT anomalies should be taken into consideration
during intra-abdominal operations and radiological in-
vestigations.

In an anatomical study of 102 cases by Baniel et al., it
was determined that the number of LA ranged between
2 and 4 and also there were 3 pairs in 60% of the cases
(10). We found in our series that there were 3 pairs of
LA in 11.5% of the cases and 3rd or 4th pair of LA arose
as a single trunk in 3 cases (3.1%).

Ozan et al. examined 30 adult abdominal aorta speci-
mens dissected from cadavers and determined the CT-
SMA distance as 17.9 mm (7). Our value (14.34+4.37
mm) is close to this. Yahel et al. examined 42 descend-
ing aorta and analyzed morphometrically by dividing it
into segments. They found CT-SMA distance as 16+4.0
mm (6). Khamanarong et al. found total double RA rate
as 17% (18). Our value, which is 16.8%, is consistent with
the literature. Bordei et al. examined 54 cases of double
RA and determined that 6 of them were bilateral (11.6%)
(8). We found that 2 of the 8 double RA case were bilat-
eral (25%). This value is higher than that of Bordei et al.

It is important to know the morphology of AA and its
branches with regards to the diagnosis, surgical treat-
ment and endovascular interventions related to it. We
think our study will contribute to clinical medicine and
demographics of our country
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