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Research interest on abdominal aorta branches and abdominal viscera morpho-
metry is renewed by technological evolution and development of new radiologic 
and clinical applications including stent grafts and chemoembolisation materials. 
Despite that, data on morphometry of abdominal aorta branches and abdominal 
viscera are lacking. To investigate this subject authors performed a morphometric 
study on 50 adult fresh and embalmed Caucasian cadavers and examined abdo-
minal aorta branches’, kidney and spleen morphometry. Our results on arteries’ 
morphometry did not differ significantly from those of the literature; yet, we 
discovered significant differences between fresh and embalmed cadavers on 
viscera morphometry, spleen and kidneys. We also found previously unreported 
correlations between abdominal aorta branches’ morphometric characteristics. 
Even more, we identified correlations between regional arteries and viscera morp-
hometric characteristics, proposing a new factor determining viscera development. 
Finally, we performed an extensive literature review so to place our results in an 
anatomic, embryologic and, even more, a clinical context. We believe that our 
results add knowledge on abdominal aorta branches and viscera morphometry 
and are valuable for clinical, radiological and surgical applications including visceral 
arteries’ aneurysms investigation and treatment, chemoembolisation procedures, 
stent grafts design and transplantation. (Folia Morphol 2016; 75; 1: 60–75)
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INTRODUCTION
Despite their value for basic, radiological, clinical 

and surgical applications existing data on morphome-
try of abdominal aorta (AA) branches and abdominal 
viscera are scarce.

Only few studies investigate all AA branches  
[20, 29, 45, 55, 69, 72]. Concerning methodology, most  
studies use either unselected autopsy material and 
their results are influenced by inclusion of many dise-
ased subjects or use radiological methods and thus 
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are prone to their technical limitations. Strict inclusion 
criteria and standardised methodology have been 
used in only few studies [28, 60].

Precise morphometric data are important for ana-
tomic and physiological studies. Blood flow to an 
organ is a derivative of diameter of its arteries, while 
nutritional and functional status depends partly on 
blood flow [7]. Embryologic mechanisms determining 
arteries’ development, including diameter, are only 
partially known and probably multi-factorial [79, 102].

Apart from their undisputable anatomical and 
embryological interest, those data are also valuable for 
many clinical, interventional and surgical proce dures. 
Stent grafts design and placement for endovascular 
repair of AA and branches aneurysms [38, 40], che-
moembolisation for haemorrhage or chemotherapy [5],  
visceral aneurysm diagnosis and treatment [8] and 
transplantation [36, 87] are based on precise calcula-
tion of AA branches’ diameters. Diagnosis, staging and 
treatment of many relative common diseases including 
chronic mesenteric ischaemia or other occlusive diseases 
of AA branches [25] and chronic renal insufficiency [3]  
utilise such measurements. Certain morphometric  
characteristics including volume and length are useful 
for diagnosis and staging of spleen and kidney diseases 
like splenomegaly and various nephropathies [7, 9].  
Exact knowledge of these values would ameliorate in-
terpretation of diagnostic tests and probably lead to 
design of new ones.

Considering those, purpose of this study is to (1) pro - 
vide accurate data on AA branches’ morphometric 
values; (2) study correlations and intra correlations be-
tween AA branches and abdominal viscera, especially 
kidney and spleen; (3) attempt interpretation of these 
results in an anatomical and embryological context; 
and (4) investigate possible clinical, interventional 
and surgical applications. 

MATERIALS AND METHODS
Between 2010 and 2013, 50 adult Caucasian (Hel-

lenic) cadavers were prospectively studied. Charac-
teristics evaluated were diameter of AA and celiac 
artery (CA) branches, morphometry of abdominal 
viscera and their correlations. Twelve cadavers were 
embalmed from Department of Anatomy of National 
and Kapodistrian University of Athens, Greece and  
38 were fresh, subjected to autopsy, from Department 
of Forensic Medicine and Toxicology. The research 
protocol had been submitted and approved by the 
ethics committee of our institution.

For fresh cadavers, strict selection criteria were 
applied so to ensure normality and suitability for an 
anatomic study. Exclusion criteria were previous ope-
ration or injury in abdominal area, intra-abdominal 
neoplasm, AA aneurysm, atheromatosis, any disease 
known to affect arteries (e.g. diabetes mellitus, va-
sculiitis and hypertension) or diseases of abdominal 
viscera (e.g. large kidney cysts, glomerulonephritis, 
marked splenomegaly). Subjects with known heart, 
liver or renal failure or hospitalised before death were 
also excluded. Autopsy should be performed less than 
24 h after documented time of death. No age criterion 
was applied. Embalmed cadavers were considered 
“normal” and thus suitable for anatomical study after 
review of their medical history and careful inspection 
of the abdomen for the above mentioned conditions.

After enrolment in the study sex, age and height 
of each cadaver was recorded. Abdominal aorta was 
dissected through a midline incision from diaphragm 
to aortic bifurcation. If necessary, subcostal or ingui-
nal incisions were also performed for better exposure 
of abdominal contents. A combined approach was 
adopted for exposure of the whole AA. Dissection 
of infrarenal aorta began with incision of parietal 
peritoneum in the midline and followed by sharp and 
blunt dissection so to reveal origins of iliac arteries, 
inferior mesenteric artery (IMA) and renal arteries. 
Gonadal arteries thought not subject of the study 
were also dissected and preserved. Arteries were 
dissected for at least 1 cm from their origin. For su-
prarenal aorta, pancreas was gently elevated so to 
identify superior mesenteric artery (SMA) and splenic 
artery (SA). Left gastric artery was dissected at lesser 
curvature of the stomach and followed at its origin. 
Gastrocolic ligament was incised so to gain entrance 
at lesser omental bursa, superior pancreas border 
and origin of CA. After its identification, common 
hepatic artery was identified and dissected. During 
dissection, great care was taken so not to injure any 
of the arteries or their branches. Extensive traction 
that could alter arteries morphometry was also avo-
ided. Arteries courses were kept as dissected. Final 
dissection result is presented at Figures 1 and 2.  
From abdominal viscera, spleen and kidneys were 
subjected to study. Spleen was sharply detached from 
its adhesions and vessels were divided right at hilum. 
Kidneys were also sharply detached and vessels were 
divided at hilum after dissection of ureters for 2–3 cm. 
If anatomic variations incompatible with purpose of 
this study (e.g. double renal arteries, common origin 
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of SMA and CA, accessory spleens, horseshoe kidney) 
were encountered, cadavers were excluded.

After dissection was complete and photographs 
were taken, arteries were cut at least 1 cm from their 
origin. Lumbar arteries were also cut and aorta was 
freed and transferred in a laboratory bench. While 
aorta was dissected in situ so to achieve identification 
of every variation and avoid extensive trauma that co-
uld alter arteries’ morphometry, measurements were 
performed ex situ (Fig. 3) so to achieve precision and 
repeatability. Diameter of CA, SA, left gastric artery, 
common hepatic artery, SMA, right renal artery (RRA), 
left renal artery (LRA), IMA, right iliac artery and left 
iliac artery were recorded with the use of an electronic 
Vernier calliper (accuracy: ± 0.01 mm). Diameter was 
recorded at a point perpendicular to longitudinal axis 
of the arteries approximately 0.5 cm from its origin. 

Spleen and kidney were weighted with an elec-
tronic scale (accuracy: ± 2 g) and their length, width 
and thickness were recorded. Weight measurements 
were not performed at embalmed cadavers due to 
unknown effect of formaldehyde at viscera weight. 
For spleen, “length” was defined as maximum distan-
ce between its upper and lower border, “thickness” 
as the distance between arteries’ entrance at hilum 
and its convex border, perpendicular to length axis, 

Figure 1. Abdominal aorta (AA) dissection in corpus; IVC — infe-
rior vena cava; CA — celiac artery; SMA — superior mesenteric 
artery; RRA — right renal artery; LRA — left renal artery; IMA — 
inferior mesenteric artery; RIA — right iliac artery; LIA — left iliac 
artery; DC — descending colon; S — sigmoid; P — pancreas;  
RK — right kidney; LRV — left renal vein.

Figure 2. Celiac artery (CA) and left renal artery dissection in cor-
pus; AA — abdominal aorta; SMA — superior mesenteric artery; 
SA — splenic artery; CHA — common hepatic artery; LGA — left 
gastric artery; LRA — left renal artery; S — stomach.
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and “width” as the distance between its front and 
back border at hilum level, perpendicular to thickness 
axis. The same definitions were used for right and left 
kidneys (Fig. 4). 

Statistical analysis

Results were recorded in forms of tables and sub-
jected to statistical analysis with the purpose of iden-
tifying relations and correlations between them. Data 
were complete for all specimens (with the exception of 
weight of abdominal viscera for embalmed cadavers). 
Statistical analysis was performed with SPSS 15.0.  
All values were checked for normality and found 
normal and thus parametrical tests only were used. 
Results are presented as mean ± standard deviation, 
unless otherwise stated. Comparisons are performed 
with 2-tailed Student’s test setting level of statistical 
significance at 0.05. Correlations are performed with 
the use of Pearson’s correlation coefficient (r). 

RESULTS
Abdominal aorta branches diameters and viscera 

morphometric characteristics for the whole sample 
and stratified by sex and embalmment are presented 
at Table 1.

Mean age of our sample was 65.9 ± 21.4 year; lower 
that life expectancy in Greece (approximately 80 years) 
due to inclusion of violent deaths and suicides, com-

Figure 4. Spleen and kidney measurements definitions.

Figure 3. Abdominal aorta dissection ex corpus; CA — celiac arte-
ry; SA — splenic artery; CHA — common hepatic artery; LGA — 
left gastric artery; SMA — superior mesenteric artery; LRA — left 
renal artery; IMA — inferior mesenteric artery; RIA — right iliac 
artery; LIA — left iliac artery.
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moner at younger ages and male sex. When stratified 
for fresh and embalmed cadavers, the latter’s mean age 
was 76.0 ± 15.8, similar to life expectancy in Greece. 

No statistically significant differences were noted 
between men and women and fresh and embalmed 
cadavers for AA branches’ diameter. To the best of 
our knowledge, those data had never been compa-
red before. While men showed a general trend for 
larger AA branches’ diameter, this was not true for all 
cases and neither reached statistical significance for 
any AA branch; thus, in the context of this study, no 
morphometric differences for sex can be evidenced. 
Spleen weight, spleen length, right kidney length 
and thickness were significantly higher in men than 
women. Other viscera’ morphometric characteristics 
showed the same tendency but did not reach stati-
stical significance, probably due to small sample size. 

When compared, p-value for right kidney weight was 
0.07, indicative of statistically significant difference.

No statistically significant differences were found 
in AA branches’ diameter between fresh and embal-
med cadavers. Most morphometric data derive from 
cadaveric studies and accept that embalmment does 
not affect arteries’ morphometry. This assumption 
proves true at least for arteries’ diameter. However 
all viscera morphometric characteristics were larger 
for fresh than embalmed cadavers, probably due 
to embalmment procedure and known dehydrating 
effect of formaldehyde. 

Pearson’s correlation coefficient between AA 
branches is depicted in Table 2. Notably all CA bran-
ches are intra-correlated as with CA, with correlation 
coefficients ranging from 0.3 to 0.6, exhibiting a ho-
mogeny for this arterial system. Superior mesenteric 

Table 1. Morphometric values of abdominal aorta branches, kidney and spleen

Total Men Women P Fresh Embalmed P

n 50 34 16 38 12

Age [years] 65.9 ± 21.4 56.06  ± 19.7 76.0 ± 15.8 < 0.01 59.19 ± 21.6 73.25 ± 14.2 < 0.05

Height [cm] 1.68 ± 0.1 1.71 ± 0.1 1.63 ± 0.1 < 0.05 1.69 ± 0.1 1.65 ± 0.1 > 0.05

CA [mm] 8.57 ± 1.57 8.81 ± 1.7 8.04 ± 1.2 > 0.05 8.64 ± 1.6 8.2 ± 1.5 > 0.05

SA [mm] 6.44 ± 1.4 6.49 ± 1.4 6.36 ± 1.4 > 0.05 6.33 ± 1.3 6.75 ± 1.5 > 0.05

CHA [mm] 5.74 ± 2.0 5.68 ± 1.8 4.09 ± 1.3 > 0.05 5.37 ± 1.4 6.75 ± 2.2 0.04

LGA [mm] 3.89 ± 1.6 3.80 ± 2.2 5.83 ± 1.6 > 0.05 3.81 ± 1.4 4.12 ± 1.8 > 0.05

SMA [mm] 8.35 ± 1.6 8.24 ± 1.7 8.44 ± 1.5 > 0.05 8.38 ± 1.8 8.23 ± 1.2 > 0.05

RRA [mm] 7.13 ± 1.2 7.35 ± 1.2 6.75 ± 1.0 > 0.05 7.23 ± 1.2 6.83 ± 1.2 > 0.05

LRA [mm] 7.03 ± 1.4 7.08 ± 1.6 6.73 ± 1.1 > 0.05 7.17 ± 1.6 6.50 ± 0.5 > 0.05

IMA [mm] 4.21 ± 1.2 4.01 ± 2.4 4.49 ± 0.8 > 0.05 4.08 ± 1.2 4.73 ± 0.9 > 0.05

RIA [mm] 12.23 ± 2.4 12.08 ± 1.6 12.56 ± 2.1 > 0.05 11.75 ± 2.4 13.6 ± 2.1 > 0.05

LIA [mm] 11.77 ± 2.2 11.51 ± 2.3 12.31 ± 1.9 > 0.05 11.35 ± 2.1 13.10 ± 2.1 > 0.05

SWe [g] 173.78 ± 94.6 194.44 ± 100.4 118.18 ± 37.4 < 0.05 173.78 ± 94.1 N/A —

SLe [cm] 11.69 ± 2.1 12.18 ± 2.2 10.71 ± 1.6 < 0.05 12.27 ± 2.1 9.95 ± 0.1 < 0.01

SWi [cm] 7.54 ± 1.6 7.69 ± 1.8 7.23 ± 0.9 > 0.05 7.82 ± 1.7 6.70 ±0.8 < 0.05

STh [cm] 4.20 ± 1.3 4.32 ± 1.3 3.96 ± 1.5 > 0.05 4.47 ± 1.3 3.78 ± 1.2 < 0.05

RKWe [g] 154 ± 53.8 160.71 ± 52.2 142.73 ± 58.2 > 0.05 154.21 ± 53.8 N/A —

RKLe [cm] 11.01 ± 2.1 11.48 ± 1.8 10.04 ± 2.6 < 0.05 11.85 ± 1.5 8.45 ± 1.9 < 0.01

RKWi [cm] 5.13 ± 1.6 5.32 ± 2.6 4.74 ± 1.5 > 0.05 5.57 ± 1.5 3.78 ± 0.8 < 0.05

RKTh [cm] 4.42 ± 1.2 4.75 ± 0.9 3.73 ± 1.3 < 0.05 4.66 ± 1.0 3.72 ± 1.2 < 0.01

LKWe [g] 155.53 ± 46.8 163.57 ± 39.7 138.18 ± 58.8 > 0.05 155.53 ± 46.8 N/A —

LKLe [cm] 11.43 ± 2.0 11.61 ± 2.0 10.91 ± 2.0 > 0.05 12.10 ± 1.5 8.30 ± 0.7 < 0.01

LKWi [cm] 5.15 ± 1.1 5.17 ± 1.9 5.08 ± 1.0 > 0.05 5.27 ± 1.2 4.58 ± 0.7 < 0.05

LKTh [cm] 4.60 ± 1.2 4.71 ± 1.1 4.29 ± 1.4 > 0.05 4.76 ± 1.1 3.93 ± 1.0 < 0.05

Statistical important differences are presented in bold; CA — celiac artery; SA — splenic artery; CHA — common hepatic artery; LGA — left gastric artery; SMA — superior mesenteric artery; RRA — right renal  
artery; LRA — left renal artery; IMA — inferior mesenteric artery; RIA — right iliac artery; LIA — left iliac artery; SWe — spleen weight; SLe — spleen length; SWi — spleen width; STh — spleen thickness;  
RKWe — right kidney weight; RKLe — right kidney length; RKWi — right kidney width; RKTh — right kidney thickness; LKWe — left kidney weight; LKLe — left kidney length; LKWi — left kidney width; LKTh —  
left kidney thickness; N/A — not available
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artery diameter is correlated to CA diameter (r = 0.34,  
p < 0.05). Inferior mesenteric artery diameter shows 
no correlation to any other aorta branches as do 
renal arteries, excepted between them (r = 0.30,  
p < 0.05). Notably iliac arteries are correlated to 
most other aorta branches with correlation coefficient 
from 0.31 to 0.50. Probably those major branches are 
morphometric indices themselves. 

Table 3 shows correlation coefficients stratified 
for embalmed and fresh cadavers. Notably in fresh 
cadavers correlation between SMA and CA enhances  
(r = 0.85, p < 0.05) and strong correlations between 
SMA and IMA (r = 0.9, p < 0.05) as between RRA 
and LRA occur (r = 0.77, p < 0.05). Further inter-
pretation is difficult, considering the relatively small 
sample size. In Table 4 same data stratified for sex are 

Table 2. Pearson’s correlation coefficient between abdominal artery diameters (whole sample)

CA SA LGA CHA SMA RRA LRA IMA RIA LIA

CA 1.00

SA 0.72 1.00

LGA 0.35 0.29 1.00

CHA 0.50 0.57 0.40 1.00

SMA 0.34 0.05 0.11 0.18 1.00

RRA 0.15 0.05 0.13 0.09 0.03 1.00

LRA –0.15 –0.14 0.09 –0.17 –0.02 0.34 1.00

IMA 0.02 0.14 0.04 0.14 0.07 –0.05 0.23 1.00

RIA 0.36 0.40 0.16 0.41 0.51 0.34 0.12 0.50 1.00

LIA 0.33 0.36 0.23 0.40 0.31 0.17 0.00 0.48 0.72 1.00

Statistical important values are presented in bold; CA — celiac artery; SA — splenic artery; LGA — left gastric artery; CHA — common hepatic artery; SMA — superior mesenteric  
artery; RRA — right renal artery; LRA — left renal artery; IMA — inferior mesenteric artery; RIA — right iliac artery; LIA — left iliac artery

Table 3. Pearson’s correlation coefficient between artery diameters stratified for embalmed/fresh cadaver

CA SA LGA CHA SMA RRA LRA IMA RIA LIA

CA 1.00

SA 0.72
1.00

0.84

LGA 0.30 0.26
1.00

0.51 0.32

CHA 0.60 0.53 0.51
1.00

0.48 0.64 0.40

SMA 0.28 –0.05 –0.02 0.19
1.00

0.85 0.75 0.11 0.51

RRA 0.01 0.06 –0.04 0.06 –0.01
1.00

0.50 0.09 0.13 0.38 0.35

LRA –0.22 –0.14 0.12 –0.20 –0.05 0.33
1.00

0.24 –0.09 0.09 0.38 0.37 0.83

IMA –0.02 –0.02 0.08 –0.03 0.04 0.05 0.26 1.00

0.52 0.67 0.04 0.72 0.89 –0.39 0.32 1.00

RIA 0.33 0.31 –0.07 0.22 0.56 0.36 0.16 0.43 1.00

0.72 0.54 0.16 0.73 0.84 0.64 0.74 0.77 1.00

LIA 0.28 0.19 0.10 0.18 0.36 0.09 0.11 0.52 0.71 1.00

0.73 0.54 0.23 0.72 0.49 0.73 0.2 –0.01 0.61 1.00

Statistical important differences are presented in bold; CA — celiac artery; SA — splenic artery; LGA — left gastric artery; CHA — common hepatic artery; SMA — superior mesenteric 
artery; RRA — right renal artery; LRA — left renal artery; IMA — inferior mesenteric artery; RIA — right iliac artery; LIA — left iliac artery
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presented. No significant differences occur except of 
loss of statistical significance for several correlations 
— probably due to sample diminution. 

Table 5 presents correlations between SA, RRA, 
LRA diameter and spleen, right kidney and left kidney 
morphometry, respectively. These diameters are cor-
related in a statistical significant manner with viscera 
weight (r = 0.66, 0.51, 0.42, respectively, p < 0.05).  
Also LRA diameter is correlated with left kidney 
length, width and thickness (r = 0.46, 0.35 and 0.53, 
respectively, p < 0.05) as was RRA and right kidney 
length and width (r = 0.51 and 0.53, p < 0.05, respec-
tively). Those results were not reproduced for spleen. 

Table 6 presents the same correlations stratified for  
sex. Generally the same correlations are valid with  

exception of loss of correlation between SA and spleen 
for women and statistically significant correlation  
between SA and spleen length and thickness for men  
(r = 0.37 and 0.42, p < 0.05, respectively). Also  
statistically significant correlation occured be-
tween RRA and right kidney thickness (r = 0.50  
for men and 0.53 for women, p < 0.05).

Table 7 presents the same analysis with sample 
stratification between embalmed and fresh cadavers. 
As expected, some previously not correlated characte-
ristics were now correlated for fresh cadavers (SA to 
splenic length, r = 0.44, p < 0.05 and RRA to right 
kidney length, r = 0.55, p < 0.05). Notably some 
correlations were stronger to embalmed cadavers 
than to whole sample. 

Table 4. Pearson’s correlation coefficient between artery diameters stratified for men/women

CA SA LGA CHA SMA RRA LRA IMA RIA LIA

CA 1.00

1.00

SA 0.74

0.75 1.00

LGA 0.48 0.33 1.00

0.01 0.25 1.00

CHA 0.66 0.63 0.41 1.00

0.13 0.42 0.38 1.00

SMA 0.28 –0.09 0.25 0.23 1.00

0.61 0.36 –0.34 0.03 1.00

RRA 0.10 0.08 0.10 0.23 0.02 1.00

0.03 –0.06 0.33 –0.25 0.17 1.00

LRA –0.18 –0.16 0.06 –0.15 –0.05 0.32 1.00

–0.12 –0.11 0.17 –0.24 0.12 0.48 1.00

IMA 0.05 0.08 –0.07 0.10 0.07 0.14 0.27 1.00

0.22 0.32 0.37 0.24 –0.03 –0.35 0.04 1.00

RIA 0.41 0.42 0.29 0.44 0.50 0.43 0.09 0.54 1.00

0.32 0.37 –0.32 0.30 0.56 0.23 0.28 0.28 1.00

LIA 0.35 0.35 0.26 0.43 0.35 0.25 0.13 0.54 0.82 1.00

0.50 0.43 0.07 0.29 0.19 0.18 –0.46 0.14 0.38 1.00

Statistical important differences are presented in bold; CA — celiac artery; SA — splenic artery; CHA — common hepatic artery; LGA — left gastric artery; SMA — superior mesenteric artery; RRA — right renal 
artery; LRA — left renal artery; IMA — inferior mesenteric artery; RIA — right iliac artery; LIA — left iliac artery

Table 5. Pearson’s correlation coefficient between artery diameter and organ morphometry (whole sample)

Weight Length Width Thickness

Splenic artery 0.66 0.26 0.11 0.26

Right renal artery 0.51 0.51 0.53 0.08

Left renal artery 0.43 0.46 0.35 0.53

Statistical important differences are presented in bold
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Age was correlated only to SMA diameter (r = 0.38,  
p < 0.05), right iliac artery diameter (r = 0.44, p < 0.05)  
and left iliac artery diameter (r = 0.42, p < 0.05) 
for whole sample. Age was negatively correlated 
to spleen weight (r = –0.32, p < 0.05). Height was 
negatively correlated to right iliac artery and left iliac 
artery (r = –0.04, p < 0.05 and r = –0.43, p < 0.05, 
respectively) but positively to spleen weight, right 
kidney weight and left kidney length (r = 0.22, 0.22 
and 0.28, p < 0.05, respectively)

DISCUSSION
Abdominal aorta branches and viscera morpho-

metry are investigated with different methods, but 
cadaveric dissection remains the gold standard. Ideal 
method should be precise, repeatable and objecti-
ve. It should also be non-invasive, cheap and easily 
applicable. Morphometry should be studied in healthy 
subjects under normal circumstances. 

Radiologic studies do not satisfy one or more of 
these requirements. Ultrasound (US) is cheap, easily 
applicable and non-invasive, yet operator-dependent 
[88] and prone to magnification effect and diameter 
overestimation [20, 65, 77]. Not all arteries are visu-
alised due to their anatomic position, including CA, 
SMA and IMA [25, 59]. Computerised topographic an-
giography and magnetic resonance angiography are 
precise, objective and repeatable [66, 99] but method 
they apply (3-dimensional reconstruction of vessels 
filled with contrast material) is probably superior for 
lumen rather than diameter estimation. Also they are 
usually performed at diseased populations, are rela-
tive expensive and not widely available. Classic and 
digitalised angiography visualises with great precision 

and objectivity lumen of a vessel but is invasive and 
also performed in highly selected population, thus 
unsuitable for normality studies. 

To overcome these limitations, some authors [20, 
29] performed intraoperative US measurements so to 
eliminate magnification effect and comprehend all 
AA branches. While a certain improvement, patients 
subjected to operation are under vasodilative effects 
of general anaesthesia and also a highly selected 
population, thus not proper for normality studies. 

Cadaveric studies should fulfil two requirements: 
A population that can be characterised “normal” 
except of death changes and understanding that me-
asurements represent the lowest, yet normal, range 
of arteries diameter. Garby et al. [28] and Songur et 
al. [94] modulated criteria for autopsy studies that 
ensure normality, and those were adapted during 
designing of this study. Briefly, these involve violent 
or natural death causes that do not affect abdominal 
vessels, lack of chronic disease that affects vessel wall 
or calibre, no drug use and short interval (< 24 h) 
between time of death and autopsy. Same criteria are 
applicable to embalmed cadavers since their medical 
history is known and during dissection they can be 
examined with autopsy methods. As for diameter, 
arteries are influenced by stimuli that constantly chan-
ge their diameter. Normal pulsatility affects diameter 
approximately 6% [65] while arteries’ diameter is sub-
jected to vasodilative and vasoconstrictive stimuli in-
cluding exercise, meal, intravascular volume changes 
and, to a lesser extent, to cholinergic and adrenergic 
stimuli and hormonal regulation [73]. Arteries unlike 
veins do not collapse due to their wall stiffness and 
diameters measured at cadavers represent lowest 

Table 6. Pearson’s correlation coefficient between artery diameter and organ morphometry (stratified for men/women)

Weight Length Width Thickness

Splenic artery 0.72/0.22 0.37/–0.02 0.10/0.17 0.34/0.12

Right renal artery 0.47/0.61 0.42/0.61 –0.07/0.34 0.50/0.53

Left renal artery 0.49/0.57 0.42/0.70 0.33/0.55 0.50/0.73

Statistical important differences are presented in bold

Table 7. Pearson’s correlation coefficient between artery diameter and organ morphometry (stratified for fresh/formalin fix cadavers)

Weight Length Width Thickness

Splenic artery 0.66/NA 0.44/0.21 0.12/0.54 0.21/0.68

Right renal artery 0.51/NA 0.54/0.68 –0.05/0.51 0.55/0.42

Left renal artery 0.43/NA 0.49/0.69 0.35/–0.16 0.51/0.76

Statistical important differences are presented in bold; NA — not available
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normal values. Since all those factors do not change 
diameter radically and act predictably, those mea-
surements are a very good estimation of “normal”.  
Concerning effects of formaldehyde, most studies  
[55, 72] assume that it does not change vessels’ morpho - 
metry. To the best of our knowledge, our study is 
the first to perform statistical comparison in a mixed 
sample selected under the same criteria and prove 
this assumption correct. Finally, few studies [36, 72, 
92] have stated that existence of anatomic variation 
could alter a vessels’ morphometry. We have chosen 
to discard cadavers presenting variations interfering 
with results of this study. 

Abdominal aorta branches morphometry is de-
terminative for many physiological and pathological 
procedures in human body. Most studies of abdo-
minal circulation provide detailed information for 
typology, variations and collateral networks but lack 
of information or provide a very wide range for those 
measurements [49, 83]. No statistical comparisons are 
attempted and data sources are mixed from cadave-
ric, radiological and surgical studies. Table 8 presents 
major studies on AA branches’ morphometry. Our 
results are similar yet somewhat larger than those 
reported in the literature, yet this is expected consi-
dering the large number of US studies and the mag-
nification effect known to have. On interpretation of 
these results it should be considered that radiologic 
methods (US, computed tomography angiography, 
angiography) instead of cadaveric or surgical studies 
measure lumen rather than total arterial diameter. 

Celiac artery diameter determines blood flow at 
spleen, stomach and liver. Celiac artery stenosis is 
implicated in pathogenesis of median arcuate liga-
ment syndrome manifesting with postprandial pain 
due to CA compression from median arcuate liga-
ment. Symptoms of the syndrome are attributed to 
ischaemia [13]. Another explanation is neurogenic 
pain origin due to direct pressure of celiac ganglion. 
Cutting of the ligament alleviates symptoms in a num-
ber of patients [22]. Also CA acts like an anastomotic 
network in case of SMA stenosis and its sufficiency is 
related to its diameter. While other factors are also 
important, a larger CA could be beneficial. 

Common hepatic artery diameter is crucial for 
hepatobiliary operations including hepatectomy and 
liver transplantation. Liver grafts supplied by larger 
arteries present less post-operative complications, in-
cluding destructive complication of arterial thrombo-
sis, while left or right hepatic artery diameter < 3 mm  

is an exclusion donor criterion in some centres  
[84]. Whether or not existence of anatomic variation is 
beneficial is controversial. Some authors [84] believe 
that variations existence is related to smaller diameter 
and thus less satisfactory results and more complica-
tions while others [36] support the opposite. Detailed 
common hepatic artery morphometry knowledge is 
necessary for generation of flow models, critical for 
chemoembolisation procedures and microspheres de-
sign [5]. Common hepatic artery diameter increases in 
some diseases like cirrhosis and alcoholic hepatitis [34].

Detailed morphometry of SA is valuable for study 
of SA aneurysms. Splenic artery aneurysms are the 
commonest visceral aneurysms, present in 10.6% of 
the population and fatal in > 90% of cases if ruptu-
red [96]. Therapy with splenectomy or embolisation 
is advocated if > 20 mm, probable pregnancy or 
symptomatic aneurysm [8]. Even more SA diameter 
and SA/hepatic artery diameter is known to increase 
in SA steal syndrome a complication of liver trans-
plantation [45]. In those cases, embolisation of SA 
ameliorates liver function [4]. Sato et al. [86] and 
Zeng et al. [104] proved that SA diameter and SA/ 
/hepatic artery diameter increases in cirrhosis due 
to hyperkinetic circulation. Setting calliper cut-off 
value at 5.2 mm, they stated that splenectomy can 
ameliorate cirrhosis symptoms. 

Morphometry of left gastric artery has not recei-
ved special attention, probably due to lack of specific 
clinical application, inaccessibility to radiologic study 
and rich collateral network of stomach. Visceral aneu-
rysms of left gastric artery are rare and, if ruptured, 
present a high mortality rate [85].

Superior mesenteric artery diameter has received 
the attention of the medical literature due to its 
important role in bowel function and digestion and 
its important role in manifestation of chronic me-
senteric ischaemia and a variety of bowel diseases. 
Superior mesenteric artery diameter increases with 
a number of stimuli, including meal [37, 76, 90] and 
decreases with exercise [77], cold stimuli [81] and 
hypovolaemia [74]. Also SMA diameter increases in 
diseases with enteric manifestation [24], including 
Crohn’s colitis [54, 70] and celiac disease [1]. Major 
clinical importance of SMA diameter and flow is 
during evaluation of chronic mesenteric ischaemia. 
Stent placement at the artery with open or endo-
vascular procedure is a valuable therapeutic option 
and thus detailed morphometric analysis is necessary 
for stent design [10].
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Table 8. Abdominal aorta branches’ diameters

Study type CA SA LGA CHA SMA RRA LRA IMA
Kahn and Abrams, 1964 [39] CS 3.3

Vandamne and Bonte, 1985 [100] CS 8 4.2

Jager et al., 1986 [37] US F: 6 ± 0.9

P: 6.7 ± 0.9

Nicholls et al., 1986 [67] US F: 5.3 ± 0.8 F: 6.4 ± 0.9

P: 5.6 ± 0.08 P: 6.4 ± 0.8

Qamar et al., 1986 [77] US 6.7 ± 0.77

Sato et al., 1987 [86] US M: 4.8 4.2 M: 6.4

W: 4.6 W: 5.6

Moneta et al., 1988 [61] US 5.9

Lilly et al., 1989 [48] US 6.3 ± 0.4 6.3 ± 0.4

Braatvedt et al., 1991 [12] US 7.3 ± 0.2

Carlisle et al., 1992 [15] US 6

Scheurlen et al., 1992 [88] US M: 6.5 ± 1 

W: 5.8 ± 0.2

Braatvedt et al., 1993 [11] US 7.8

Delagunt et al., 1996 [20] US I: 7.2 ± 2.0 I: 7.1 ± 1.5 I: 6. 1 ± 1.6 I: 8.3 ± 2.9 I: 3.2 ± 1.3

T: 7.7 ± 2.2 T: 5.1 ± 1.5 T: 5.9 ± 1.4 T: 7.1 ± 1.9 T:2.5 ± 1.0

Geelkerken et al., 1998 [30] US I: 6.92 ± 1.55 I: 7.62 ± 2.02

T: 8.4 ± 2.4 T: 8.7 ± 2.6

Erden, et al., 1998 [24] US 6.13 ± 0.89 3.1 ± 0.68

Geelkerken et al., 1998 [30] US F: 7.1 ± 1.6 F: 5.5 ± 2.40 F: 5.4 ± 1.30 F: 7.5 ± 2.10 F: 2.9 ± 0.78

P: 7.6 ± 1.6 P: 6.1 ± 1.4 P: 5.5 ± 1.6 P: 7.6 ± 1.6 P: 3.1 ± 0.97

Mirk et al., 1998 [59] 2.8 ± 0.55

Machalek et al., 1998 [53] CS 5.6 ± 1.3

Quarto Di Palo et al., 2002 [78] US 4.8 ± 0.7

Han et al., 2002 [34] US 2.68 ± 0.69

Daisy Sahni et al., 2003 [19] CS M: 5.3 ± 1.2

W: 4.9 ± 1.0

Sigirci et al., 2003 [91] US 3.2 ± 0.66

Singh et al., 2004 [93] CS M: 6.5 M: 5.4

W: 6.7 W: 5.2

Pennington and Soames, 2005 [72] CS 4.9 ± 1.0 9.1 ± 2.0 6.8 ± 1.4 5.2 ± 1.3 4.5 ± 1.1

Ishigami et al., 2005 [36] SS Ty: 6.3 ± 0.9 

V: 5.8 ± 0.8

Kirbas et al., 2007 [45] US 9.2 ± 0.7 7.3 ± 0.6 3.8 ± 0.1 5.6 ± 0.5 7.6 ± 0.4

Petrell et al., 2007 [75] CS 7.6 ± 0.4 5.3 ± 0.4 4.9 ± 0.2 7.2 ± 0.4

Silveira et al., 2009 [92] CS Ty: 7.9 ± 0.04 Ty: 5.3 ± 0.3 Ty: 3.8 ± 0.3 Ty: 5 ± 0.4

V: 7.1 ± 0.06 V: 5.3 ± 0.4 V: 3.3 ± 0.3 V: 5.2 ± 0.5

Turba et al., 2009 [99] CTA M: 5.1 ± 1.0 M:5.1 ± 0.9

W: 4.9 ± 0.8 W:4.7 ± 0.8

Tarzamni et al., 2008 [98] CS 6.1 ± 1.2 6,2 ± 1.1

Songur et al., 2010 [94] CS 6.43 ± 1.59 7.38  ± 1.67 3.71 ± 0.72

O’Flynn et al., 2010 [69] MRA 10.04 9.09 9.01 8.89

Malnar et al., 2010 [55] CS Ty: 7.8 ± 0.08 Ty: 6.1 ± 0.5 Ty: 4.7 ± 0.2 Ty: 5.7 ± 0.4

V: 7.3 ± 0.07 V: 6.1 ± 0.6 V: 4.5 ± 0.1 V: 5.8 ± 0.6

CA — celiac artery; SA — splenic artery; CHA — common hepatic artery; LGA — left gastric artery; SMA — superior mesenteric artery; RRA — right renal artery; LRA — left renal 
artery; IMA — inferior mesenteric artery; CS — cadaveric study; US — ultrasound; MRA — magnetic resonance angiography; SS — surgical study; CTA — computerised tomographic 
angiography; F — fasting; P — postprandial; M — men; W — women; I — intraabdominal; T — transabdominal; Ty — typical; V — variation
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Renal arteries evaluation is important for a num-
ber of diseases and procedures, including renovascu-
lar hypertension and renal transplantation. Detailed 
knowledge of renal arteries diameter is necessary for 
stent design for treatment of renal artery aneurysm 
[14] or stenosis [27] and even more for personalised 
fenestrated or chimney-stent grafts for endovascular 
aneurysm repair of aneurysms of supra-renal aorta 
[38, 40, 62]. Morphometry of accessory renal arteries 
is of special importance because, especially lower 
poles, vascularise the kidney segmentally alongside 
with upper ureters and thus should be preserved 
and anastomosed in case of renal transplantation. 
According to Satyapal et al. [87] first accessory renal 
artery has a diameter of approximately 4 mm and 
second of 3 mm. According to Tarzamni et al. [98], 
men have larger renal arteries, a result not reproduced 
in this study. 

Inferior mesenteric artery has not received similar 
attention, probably due to its relative inaccessibility to 
ultrasound examination and its secondary role in bo-
wel haematosis. Yet IMA supports important collateral 
network and is capable of increasing its diameter in 
case of CA, SMA or iliac arteries occlusion [24]; thus, 
detailed morphometric knowledge could aid in its 
sufficiency calculation in case of occlusive diseases. 

To the best of our knowledge, correlations be-
tween AA branches have never been investigated 
before. In this study, we found significant correlations 
between CA branches, CA and SMA and iliac arteries 
and other branches. Since haematosis of correspon-
ding viscera of CA branches is independent to other 
branches, we do not believe that this is due to harmo-
nisation of demands between viscera but we rather 
believe that this is due to a common embryological 
factor that induces homogenous development. Emb-
ryologically, mesenteric circulation develops from the 
primitive ventral segmental arteries: 10th, 11th and 
12th give rise to CA and its branches, 13th to SMA 
and 22nd to IMA. Persistence or regression of those 
branches gives rise to anatomic variations [50, 83]. 
It is unknown whether variations are induced from 
random events, genetic factors or meditators’ action. 
Blood vessels begin to form during third week of 
embryonic life. Angioblasts give rise to endothelial 
cells and then secondary endothelial cells develop 
from pre-existing ones. Mechanism like sprouting, in-
tussusception, vessel elongation and incorporation of 
circulating endothelial progenitor cells into growing 
vessels have been investigated in cellular level [102] 

alongside with action of various genes and medi-
tators. Angiogenesis depends on balance between 
vasculogenesis promotion and inhibiting factors, like 
vascular endothelial growth factor, fibroblasts growth 
factor and tumour necrosis factor [46]. While unable 
to provide complete explanation, we believe that this 
homogeneity deflects theory of rare events at least 
in macroscopic vasculogenesis.  

Spleen and kidney morphometry have been thorou-
ghly studied. Most studies investigated autopsy material 
and are thus influenced by inclusion of many diseased 
subjects. Strict inclusion criteria resembling ours were 
used by Garby et al. [28], Murty et al. [63] and Molina 
et al. [60]. Their results are presented in Table 9. Our 
results are similar to theirs while other studies’ results 
vary ranging from 96 g [56] to 240 g [35] for spleen 
weight and from 125 g [56] to 185 g [35] for kidney 
weight. Viscera weight increases with male sex, height 
and weight while decreases with age but only after 40. 
There is great discrepancy of data on the extent of the 
correlation [17, 28, 33, 44, 60, 95]. Differences between 
races and nationalities have also been investigated  
[6, 57, 63] with variable results. Viscera’ morphometric 
characteristics from largest studies are presented at 
Tables 10 and 11. Disparity between results is smaller 
probably because most studies are US studies in se-
lected, healthy populations. Results in viscera dimen-
sions measurement are probably more reliable in US 
studies than those of arteries because of their greater 
dimensions, more superficial position and constant size  
[26, 51]. Our results are in concordance with those 
of the literature. Our results also show that viscera 
dimensions are smaller in a statistically important level 
between fresh and embalmed cadavers, making the 
latter inappropriate for morphometric studies. 

Spleen and kidney length have both been cor-
related to their functionality and pathologic status. 
Spleen size increases in many infectious diseases and 
haematological malignancies while one kidney can 
enlarge so to cover the other’s deficiency [31]. Spleen 
length has been proposed as a measure of its volume 
[9] and thus precise knowledge or its normal values 
is valuable. Kidney volume is important for staging of 
renovascular hypertension, chronic renal insufficiency 
and transplantation [3, 80]. Even more length has 
been weakly yet constantly and directly correlated 
with creatinine levels and glomerular filtration rate 
in transplanted patients, making it an appropriate 
examination for follow-up of patients with known 
renal insufficiency [7, 71, 97, 101]. Viscera width and 
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Table 10. Spleen morphometric characteristics

Author Study type Length Width Thickness

Larson et al., 1971 [47] Nuc 10 ± 1.5 7.1 ± 1.6

Cools et al., 1983 [18] CT 7.56 ± 3.32 9.55 ± 2.55 4.93 ± 1.17

Rodrigues et al., 1995 [82] Nuc 11.1 ± 2 7.8 ± 1.7 2.8 ± 0.7

De Odorico et al., 1999 [68] US 8.94 8.55 4.01

Loftus et al., 1999 [52] US 8.84 ± 2.0

Shin et al., 2009 [89] US 9.58 ± 1.22

Mustapha et al., 2010 [64] US 8.9 ± 1.3 4.6 ± 1.2 5±0.9

US — ultrasound; CT — computerised tomography; Nuc — nuclear

Table 11. Kidney morphometric characteristics

Author Study type Length Width Thickness

Larson et al., 1971 [47] R
US

9.32

L 9.62

Emamian et al., 1993 [23] R
US

11.2 5.9

L 10.9 5.8

Miletic et al., 1998 [58] R
US

11.2 ± 0.9

L 11.0 ± 0.9

Bakker et al., 1999 [3] US 11.19

MRI 11.46

Widjaja et al., 2004 [101] US 9.91

Cheong et al., 2007 [16] M
MRI

12.4 ± 0.9

W 11.6 ± 1.1

Kang et al., 2007 [42] Autopsy 11.1 ± 1.0 6.25 ± 0.67 4.73 ± 0.63

Glodny et al., 2009 [31] R
MDCT

10.8 ± 1.1 5.13 ± 0.78

L 11.1 ± 1.3 5.33 ± 0.82

Shin et al., 2009 [89] R
MDCT

10.7 ± 0.76

L 10.9 ± 0.72

Arooj et al., 2011 [2] R
US

9.79 ± 0.9 3.8 ± 0.52 3.8 ± 0.37

L 9.9 ± 0.96 4.4 ± 0.59 4.3 ± 0.79

Surcel et al., 2011 [97] R
US

10.75 ± 1.1 5.19 ± 0.58 5.37 ± 0.38

L 11.83 ± 1.23 5.17 ± 0.82 5.29 ± 0.82

US — ultrasound; MRI — magnetic resonance imaging; MDCT — multidetector computerised tomography; R — right; L — left; M — men; W — women

Table 9. Viscera weight

Study Spleen Kidneys

Men Women Men Women

Garby et al., 1993 [28] 167 127 173 130

Murty et al., 2007 [63] 124 129 132 126

Molina and DiMaio, 2012 [60] 139 130
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thickness do not present direct clinical importance, 
yet they are necessary for calculating spleen [68, 
103] and kidney [23] volume. Spleen length is known 
to increase with male sex, height and weight and 
decrease with age although level of correlation varies 
across various studies [21, 41]. Kidney length is also 
known to increase with male sex, height and weight 
and decrease with age after the age of 50 [31, 32, 
42, 89, 97]. Kasiske and Umen [43] support that, for 
kidney, correlation exists only between organ weight 
and body surface area.

Pearson’s correlation coefficient between age, 
spleen weight, spleen length, kidney weight and 
kidney length were –0.32, p < 0.05, –0.29, p > 0.05, 
–0.09, p > 0.05 and –0.21, p > 0.05 respectively. 
Pearson’s correlation coefficient between, height, 
spleen weight, spleen length, kidney weight and kid-
ney length were 0.27, p < 0.05, 0.21, p > 0.05, 0.22, 
p < 0.05 and 0.13, p > 0.05. Those values are similar 
to those of the literature yet due to small sample 
size, they do not reach statistical significance. Even 
more, we investigated a new correlation between 
regional artery diameter and viscera morphometry, 
including weight and length. Possible explanations 
are an increase in viscera size due to better haema-
tosis or an artery diameter increase due to higher 
demands or a common, probably embryologic, factor 
determining both. It is difficult in the context of this 
study to select an explanation. Yet since larger organs 
might be advantageous, further research is required 
so to clarify this novel correlation

Limitations of the study

Main limitation of this study is its relative small 
sample. Sample size is appropriate for statistical calcu-
lations and comparison but renders difficult its division 
in sub-population. Second limitation is that diameters 
were measured at the origin of each artery and not at 
its termination. Arterial branches could lead to vessels 
tapering and thus smaller diameter at their termina-
tion. However taking in consideration relative small size 
of those branches, i.e. adrenal arteries and pancreatic 
arteries, we believe the difference is insignificant.

CONCLUSIONS
Abdominal aorta branches and corresponding 

viscera morphometry is of anatomical, clinical and 
embryological interest. Many common diseases like 
chronic renal insufficiency, infection and haematolo-
gical diseases but also uncommon ones like various 

transplantation complication affect morphometric 
characteristics of viscera and thus those acquire diag-
nostic and therapeutic importance. It is probably 
more difficult to investigate arterial morphometry 
because of aforementioned technical limitations, 
yet applications are numerous and include common 
diseases like inflammatory bowel diseases and chro-
nic mesenteric stenosis but also rarer ones like SA 
aneurysm. 

Apart from diagnostic, therapeutic results can be 
evaluated using this methodology. A number of medi-
cal, interventional and surgical procedures including 
vasodilating drugs, stents placement and anastomo-
ses adequacy for transplantation can be approached 
through arterial and visceral morphometry. 

Embryologic factors determining those measu-
res are not completely understood. In summary, 
current study: (1) Offers detailed morphometric 
data in a selected sample, approaching normality. 
(2) Performs original statistical analysis and compa-
risons between subpopulations and extracts useful 
results including suitability of embalmed cadavers 
for arteries’ morphometric study but unsuitability 
for organs’ morphometric studies. (3) Discovers 
correlations between AA branches and a previously 
unreported correlation between regional arteries 
and corresponding viscera’ morphometry. (4) Puts 
the above conclusions in an anatomical, embryolo-
gical and clinical context. 
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