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Abstract 
The routine dissection of a male body revealed multiple anatomical variations of the celiac trunk and hepatic artery vascularization. The origin 
of the celiac trunk was on the left side of the abdominal aorta, next to the T12–L1 intervertebral disk. The celiac trunk gave off five branches: 
the left inferior phrenic artery, the left gastric artery, the accessory right hepatic artery, the common hepatic artery and the splenic artery 
(the last two arteries had a common origin in a hepatosplenic trunk). A right branch detached off the left gastric artery and anastomosed 
with the hepatic artery proper. The proper hepatic artery also anastomosed with the accessory right hepatic artery at the same level. 
Consequently, the entire hepatic arterial supply was from the celiac trunk – through two arteries directly and a third via the left gastric artery. 
The anatomical variant described in this case can be considered very rare. Thorough knowledge of such variants is important both for upper 
abdominal surgery and for imagistic and interventional radiology. 
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 Introduction 

The celiac trunk is the first unpaired visceral branch 
of the abdominal aorta; whose branches supply the upper 
abdomen. Most frequently, it branches from the anterior 
side of the abdominal aorta and corresponds to the T12–
L1 intervertebral disk, located 1 cm above the origin of 
the superior mesenteric [1]. The length of the celiac trunk 
– 1.5 to 2 cm – varies with its branching pattern and its 
caliber is between 0.5 and 0.8 cm. 

The celiac trunk was first described by Haller, in 
1756. His classic description showed the common origin 
of three arteries: the left gastric, the common hepatic and 
the splenic artery (Haller’s tripod). 

The morphological variations of the celiac trunk were 
recognized starting with the first studies about it. Although 
examined intensely as early as the beginning of the 20th 
century, the morphological variability of the celiac trunk 
in general or one of its branches in particular remains  
a topical issue due to the new surgical, imagistic and 
interventional techniques. 

The emergence of the morphological variants can be 
explained through the development of the embryonic 
arterial system. The persistence and/or the abnormal 
regression of the vascular network components are the 
main causes of the multiple morphological variations of 
the celiac trunk. 

This paper aims to present one such morphological 
variant of the celiac trunk. It is important for clinicians to 
be aware of multiple, including rare anatomical variants 
in order to avoid complications during the planning and 
execution of procedures they may perform. 

 Case presentation 

The routine dissection of the upper abdomen of a  
61-year-old male cadaver, performed in the Department 

of Anatomy and Embryology, revealed multiple anatomical 
variations of the celiac trunk, in both the origin and the 
branching pattern. Five branches arose from the celiac 
trunk in the following order: the left inferior phrenic 
artery, one accessory right hepatic artery, the left gastric 
artery, the common hepatic artery and the splenic artery 
(with the last two having a common – a hepatosplenic 
trunk). 

For a thorough dissection of the celiac trunk branches 
and their paths, the organs in the supramesocolic space 
were removed. After the identification of the five branches, 
their origin, path and destination were analyzed separately. 
Three arteries whose course continued to the hepatic 
pedicle were revealed. Two of them branched directly 
from the celiac trunk, while the third arose from the left 
gastric artery. Then, the relations of the three arteries with 
the hepatic pedicle and their path to the hepatic hilum 
were examined. Given the morphological particularities 
of the case, the examination focused on the celiac trunk 
origin and branching as well as on the three arterial sources 
for the hepatic vascularization and their morphological 
inter-relations at the level of the hepatic hilum. Photo-
graphs were taken from several angles for the accurate 
presentation of the aspects regarding the celiac trunk origin 
and the hepatic pedicle and a schematic overview was 
created to highlight all the particularities of the case. 

In this case, the celiac trunk originated from the left 
side of the abdominal aorta, next to the T12–L1 inter-
vertebral disk, 0.7 cm above the superior mesenteric artery 
(Figure 1). From its origin, the celiac trunk descended 
obliquely inferior and to the right, on the anterior side of 
the abdominal aorta. Five branches arose off the celiac 
trunk in the craniocaudal direction, as shown below 
(Figure 2). 

The first branch, the left inferior phrenic artery, arose 
from the superior side of the celiac trunk; its level of origin 
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was about 0.45 cm from the origin of the celiac trunk. 
This artery did not have morphological particularities; 
after a short ascending path on the anterior side of the 
abdominal aorta, it shifted to the left, describing a curve 
towards the inferior side of the diaphragm. 

 
Figure 1 – Dissection revealing the origins of the celiac 
trunk, superior mesenteric artery and of the celiac 
trunk’s branches. Antero-inferior view. 1. Abdominal 
aorta; 2. Celiac trunk; 3. Left inferior phrenic artery; 
4. Accessory right hepatic artery; 5. Left gastric 
artery; 6. Right branch of the left gastric artery; 7. Left 
branch of the left hepatic artery; 8. Hepatosplenic 
trunk; 9. Common hepatic artery; 10. Splenic artery; 
11. Superior mesenteric artery; 12. Splenic vein. 

 
Figure 2 – Dissection revealing the origin and bran-
ching of the celiac trunk. Left antero-lateral view.  
1. Abdominal aorta; 2. Celiac trunk; 3. Left inferior 
phrenic artery; 4. Accessory right hepatic artery;  
5. Left gastric artery; 6. Right branch of the left 
gastric artery; 7. Left branch of the left hepatic artery; 
8. Hepatosplenic trunk; 9. Common hepatic artery; 
10. Splenic artery; 11. Splenic vein; 12. Inferior 
mesenteric vein; 13. Splenic-mesenteric venous trunk. 

By point of origin, the second branch of the celiac 
trunk was the accessory right hepatic artery. This arose 
on the right margin of the celiac trunk, 0.9 cm from the 
origin of the trunk. Comparable in diameter with the left 
gastric artery, at first it ran obliquely inferior and to the 
right, to the right margin of the abdominal aorta, then it 
passed transversely towards the hepatic hilum. 

The third branch of the celiac trunk, the left gastric 
artery, also arose from its superior side, about 1.95 cm 
from the origin of the trunk. At first, the left gastric 
artery followed an ascending course, describing an arc on 
the anterior side of the abdominal aorta; at about 2.8 cm 
from its origin, it branched in a T-shaped form, into a 
right branch with a transversal path and a left branch – 
the left gastric artery proper, which descended to the 
lesser curvature of the stomach. 

After giving rise to the three branches, the celiac 
trunk ran downwards for about 0.65 cm, before dividing 
into two perpendicular branches: a right branch – the 
common hepatic artery – and a left branch – the splenic 
artery. This last segment of the celiac trunk can be 
considered a common hepatosplenic trunk. 

The left inferior phrenic, left gastric, common hepatic 
and splenic arteries did not show morphological variations 
in their course or distribution, but the branches that supplied 
the liver showed several particular aspects. 

The hepatic artery proper arose through the bifurcation 
of the common hepatic artery, next to the duodenal bulb 
and continued its ascending course in the free border of 
the lesser omentum. At about 1 cm from its origin, it anas-
tomosed twice, with the accessory right hepatic artery 
(on the right border) and the right branch of the left gastric 
artery (on the left border). After the two anastomoses, 
the hepatic artery proper continued its ascending path 
and next to the hepatic hilum it divided into a right and 
a left branch (Figure 3). 

 
Figure 3 – Path and anastomoses of the hepatic arterial 
sources at the hepatic pedicle. Inferior view. 1. Common 
hepatic artery; 2. Gastroduodenal artery; 3. Hepatic 
artery proper; 4. Right branch of the hepatic artery 
proper; 5. Left branch of the hepatic artery proper;  
6. Right branch of the left gastric artery; 7. Accessory 
right hepatic artery. 
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From its point of origin in the celiac trunk, the 
accessory right hepatic artery followed a transverse path 
towards the right (posterior and superior to the common 
hepatic artery), next to the origin of the gastroduodenal 
artery. From there, it shifted and ran upwards and to the 
right; it crossed obliquely behind the hepatic artery proper 
and passed to its right side. After the latero-lateral anas-
tomosis with the hepatic artery proper, the accessory right 
hepatic artery ran upwards, parallel to the last segment of 
the hepatic artery proper, to enter the right hepatic lobe. 

The right branch of the left gastric artery crossed the 
gastrohepatic ligament and ended its path at the free 
border of the lesser omentum, where it anastomosed with 
the left margin of the hepatic artery proper (Figure 4). 

 
Figure 4 – Schematic overview of the case. 1. Abdo-
minal aorta; 2. Celiac trunk; 3. Left inferior phrenic 
artery; 4. Accessory right hepatic artery; 5. Left gastric 
artery; 6. Right branch of the left gastric artery; 7. Left 
branch of the left hepatic artery; 8. Hepatosplenic 
trunk; 9. Common hepatic artery; 10. Splenic artery; 
11. Gastroduodenal artery; 12. Hepatic artery proper; 
13. Right branch of the hepatic artery proper; 14. Left 
branch of the hepatic artery proper. 

 Discussion 

The particularities of this case require the analysis of 
the following aspects: the morphological variations of the 
celiac trunk, the morphological variations of the hepatic 
arterial sources and their anastomoses at the level of the 
hepatic pedicle. 

The morphological variations of the celiac trunk and 
its branches are frequent 25–75%, according to Zagyapan 
et al. [2] and 91% according to Weiglein [3]. They can 
affect the celiac trunk as a whole or its branches taken 
separately. 

According to Adachi’s first classification in 1928, 
there are six branching types of the celiac trunk: normal, 
hepatosplenic, hepatosplenomesenteric, hepatogastric, 
splenogastric, celiacomesenteric. 

For a better description and classification, the morpho-
logical variants of the celiac trunk can be grouped according 
to the modified parameter: level of origin; how it arises; 
course; size (length and diameter); number of rising 
branches; how these branches arise; branch course and 
destination. 

In our case, the origin of the celiac trunk was not 
anterior, but on the left border of the abdominal aorta, 
next to the T12–L1 intervertebral disk and 0.7 cm superior 

to the origin of the superior mesenteric artery. A similar 
origin of the celiac trunk (at the same ventrolateral level) 
was reported by Kalthur et al. [4]. 

The origin level of the celiac trunk is variable between 
individuals, and in her study, Kozhevnikova (1997) cited 
by Gielecki et al. [5] showed that it also lowers with 
aging. In most cases, as Petrella et al. [6] found in their 
literature review, this origin level is situated between 
T11 and L1. As specialist studies indicate, the distance 
between the points of origin of the celiac trunk and that 
of the superior mesenteric artery varies between 0.1 and 
1.1 cm [7], 0.1 and 1.8 cm [6], 0.1 and 2.2 cm [8],  
0.5 and 3 cm (George, 1934 cited by Petrella et al.) [6],  
1 and 2 cm [9]. 

As far as how the celiac trunk arises is concerned, 
most frequently, it is an unpaired median branch of the 
abdominal part of the aorta, but it may also have a common 
origin with other arteries, for instance, the superior mes-
enteric artery, forming a celiacomesenteric trunk [10, 11]. 
The incidence of such cases is small: 0.4–2.5% (Eaton, 
1917; Adachi, 1928, cited by Mariani et al. [12]; another 
origin variant, a celiacobimesenteric trunk, was reported 
by Nonent et al. [13]. 

Some studies reveal another variant of origin of the 
three arteries (left gastric, common hepatic and splenic): 
two separate trunks, hepatogastric and hepatosplenic [14], 
gastrosplenic and hepatomesenteric [15], hepatogastric 
and splenomesenteric [12], while Dandekar & Dandekar 
[16] reported three separate origin trunks: gastrophrenic, 
hepatosplenic and hepatophrenic. 

The celiac trunk can be absent as a morphological 
entity and the left gastric, common hepatic and splenic 
arteries originate separately, directly from the abdominal 
aorta. The incidence of this variant is low: 0.4% [17], 
0.8% Rio Branco, 1912, cited by Petrella et al. [6], 1% 
[18, 19], 1.12% [6] or 1.25% [20], 0.1–2.6% [21]. 

The length of the celiac trunk is also variable, depen-
ding both on the branching pattern and the benchmarks. 
Most frequently, the celiac trunk is measured from its 
origin to the level of origin of the hepatic or splenic artery. 
Its length is 0.8–4 cm [22], 1.3–1.8 cm [23], 1–2.9 cm, 
with a mean of 1.23 cm in males and 1.18 cm in females 
[6], 1–3 cm [24]. 

In our case, the length of the celiac trunk measured 
from its origin to the shared origin of the common 
hepatic and splenic arteries was 2.6 cm. Higher values 
of its length – 4.3 cm – were reported by Cavdar et al. 
[10] and Yüksel et al. [25]. 

The most frequent morphological variants of the celiac 
trunk are those of its branching pattern. Studies have 
shown that the number of the celiac branches varies 
between two and seven. In our case, five branches were 
revealed: the left inferior phrenic artery, the accessory 
right hepatic artery, the left gastric artery, the common 
hepatic artery and the splenic artery (the last two arteries 
having a common origin in a hepatosplenic trunk). A 
case of pentafurcation of the celiac trunk was described 
by Krishna Chaitanya et al. [26]. Two phrenic arteries, 
one left and one right, were additional to the three classic 
branches. 

Studies describe the classic trifurcation variant of the 
celiac trunk as having variable incidence: 62.5% [2], 
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75%, Lipshutz, 1917, cited by Petrella et al. [6], 82.02% 
[6], 84% [27], 86% [28], 87.7%, Adachi, 1928, cited by 
Mariani et al. [12], 89.8% [29], 90% [30], 91% [31]. 

The celiac trunk bifurcation (incomplete trunk) is 
reported with an average incidence of 13.3% [12]. Rio 
Branco, in 1912, cited by Petrella et al. described a gastro-
splenic trunk in 4% of cases and a hepatosplenic trunk 
in 5% of cases [6]. Mburu et al., in 2010, have revealed 
celiac trunk bifurcation in 17.9% of cases: gastrosplenic 
trunk in 4.9% cases and hepatosplenic trunk in 13% [32]. 
Araujo-Neto et al., in 2015, reported a hepatosplenic trunk 
in 8.3% of cases and a hepatogastric trunk in 1.7% [33]. 

The unilateral or bilateral origin of the inferior phrenic 
arteries of the celiac trunk is relatively frequent: 4.9% 
[32], 6.25% [34], 10% [23], 28.12% [35], 34.83% [6], 
37% [3], 40% [36], 46.8% [9], 50% [27]. 

In our case, only the left inferior phrenic artery arose 
from the celiac trunk. Most studies highlight a higher 
incidence of the left phrenic artery originating from the 
celiac trunk, rather than the right: 4%/2% [23], 21.35%/ 
5.62% [6], 30.77%/0.5% [37] and 37.5%/18.75% [35]. 

The development of the embryo-fetal arterial vascular 
system, as well as its successive transformations can help 
us understand the causes of the frequent morphological 
variations of the abdominal arterial system. 

The vascular system develops and remodels in corre-
lation with the needs and the nutrition source of the 
embryo and the fetus. In the first stages, when the embryo 
is supplied nutrition through the vitelline duct, the vitelline 
vessels and circulation develop. 

The first blood vessels and blood cells develop in the 
splanchnic extraembryonic mesoderm of the vitelline duct, 
starting with the 17th day, under the form of hemangioblastic 
aggregates adjacent to the endoderm. The endothelial cells 
precursors differentiate, organize and form a network, 
which gives rise to the vitelline arteries and veins. By 
the end of the third week, the capillary network supplies 
the vitelline duct, the fixation pedicle and the villous 
chorion [38]. 

Beginning with the 18th day, blood vessels start forming 
within the intraembryonic splanchnic mesoderm, through 
similar processes. The aorta develops during the third 
embryonic week, in connection with the endocardial tubes, 
each primitive aorta consisting of a ventral and dorsal 
segment. The dorsal aortas are paired and disposed along 
the length of the embryo. They remain separated in the 
aortic arch region and in the 4th week, the segments 
between T4 and L4 merge into a unique median vessel – 
the descending part of the aorta [39]. 

As the vitelline duct shrinks, the vitelline plexuses, 
initially paired, coalesce and give rise to arteries that 
anastomose with the vascular plexuses of the future 
intestinal tube and the dorsal aorta. These arteries, variable 
in number, become the ventral branches of the dorsal 
aorta that supply the primitive intestine – the primitive 
intestinal arteries (visible in the 32-mm long embryo). At 
first numerous, double and symmetrical, they are inter-
connected through vertical anastomoses (scalariform aspect); 
subsequently, they regress and disappear. 

From this network, three vitelline arteries that remain 
in the infradiaphragmatic area will supply blood to the 
three embryonic portions of the primitive intestine. The 

first artery, the superior one, is the celiac artery initially 
connected to the dorsal artery at C7 level; later, the 
connection descends to T12 level. The celiac artery gives 
rise to branches that supply the foregut, from the level of 
the abdominal portion of the esophagus to the descending 
part of the duodenum, then the liver, the gallbladder, the 
pancreas and the spleen. The second vitelline artery will 
form the superior mesenteric artery, while the third will 
form the inferior mesenteric artery. 

This network of arteries that are interconnected through 
vertical anastomoses can undergo a series of perturbations 
of the modeling/transformation process consisting in the 
persistence or disappearance of segments at different levels, 
thus leading to numerous morphological variants. 

The second particularity of our case is the hepatic 
arterial sources, which vary in number, origin and anas-
tomoses. Three hepatic arterial sources were revealed, 
all of them interconnected branches of the celiac trunk. 

The common hepatic artery arose from the terminal 
part of the celiac trunk, together with the splenic artery 
(through a hepatosplenic trunk). Its course and branching 
into the gastroduodenal and hepatic arteries were consis-
tent with the classic descriptions. 

The hepatic artery proper crossed the free border of 
the lesser omentum and divided at the pre-hilar level 
into the two terminal branches (left and right). One cm 
from its origin, it anastomosed with the other two arterial 
sources: that originating from the left gastric artery and 
the accessory right hepatic artery. 

The accessory hepatic artery arose from the celiac 
trunk as well. Its place of origin was on the right margin 
of the celiac trunk, between the origin levels of the left 
gastric artery and of the common hepatic artery. On its 
course to the right, it ran superior and parallel to the 
common hepatic artery before crossing the posterior side 
of the hepatic artery proper diagonally upwards. Reaching 
the right border of the proper hepatic artery, the two arteries 
anastomosed latero-laterally; following the anastomosis, 
the accessory right hepatic artery cotinued its path parallel 
to the hepatic artery proper, to the hepatic hilum level 
before entering the right hepatic lobe. 

The third hepatic arterial source originated from the 
celiac trunk as well, indirectly, as the right branch of the 
left gastric artery. It did not penetrate the liver paren-
chyma, but ended at the level of the left border of the 
hepatic artery proper. For this reason, we considered this 
branch as an anastomosis of the hepatic artery proper and 
the left gastric artery. 

The incidence of the hepatic arteries variants is variable: 
20–50% [40], 25–75% [41], 34% [42], 37% [3], 44% [20], 
50% [27], 55% [43–45], 74.5% [46], 87.7%, Adachi, 
1928 cited by Mariani et al. [12]; Song et al., in 2010, 
describe common hepatic artery variations in 3.71% of 
cases [47]. 

The morphological variations of the hepatic arteries 
involve their origin (superior mesenteric artery, left gastric 
artery, aorta or other sources), number, course, caliber 
or branching pattern. 

In 85% of cases, the common hepatic artery arises 
from the celiac trunk [17]. The numerical variations are 
of two types: accessory hepatic arteries (supernumerary) 
that add to the hepatic artery proper and its two terminal 
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branches, and replacing arteries that replace an absent 
branch and supply a lobe. 

Our case revealed a hepatic artery proper and an 
accessory right hepatic artery, both arising from the celiac 
trunk. Other such cases, where the liver is irrigated by 
two arteries originating separately from the celiac trunk 
have also been presented by Fasel et al. [48] and Sethi 
et al. [49]. 

The information in the literature about numerical 
variants show that only one hepatic artery has been reported 
to be present in 51–74%, two in 20–55% of cases and 
three in 2–12.5% of cases [50]. 

When several arterial sources are present, the most 
frequent occurrences are of the right hepatic artery from 
the superior mesenteric artery and of the left hepatic 
artery from the left gastric artery – described in 18–22% 
of cases by Arslan et al. [51] and 20–30% by Okada  
et al. [52]. 

In 1756, Haller was the first to describe the morpho-
logical variants of the hepatic arteries, using the term 
“aberrant hepatic arteries”. The research work continued, 
the anatomical literature including comprehensive studies 
that used either the dissection or the imagistic method, for 
the purpose of revealing and classifying the morphological 
variants. Nevertheless, new variants are still revealed and 
must be reported and made known. 

Michels, in 1966 [53], first classified the hepatic 
arterial variants into 10 types. His classification was 
accepted and many subsequent studies considered it a 
benchmark. Other widely cited and accepted classifica-
tions are those of Hiatt et al. (1994) [54], who found six 
types and Varotti et al. (2004) [55] with five. 

Notwithstanding these classifications, the numerous 
anatomical and imagistic studies describe rare variants 
that cannot be included in morphological types – with 
an incidence of 16.6% [56] to 18% [57]. As in the case of 
the celiac trunk, such variants can be explained through 
the perturbations of the correlations of the abdominal 
viscera and arterial system morphogenesis processes. 

According to Gillot, quoted by Douard et al., 2006 
[50] and Couinaud (1989) [58], the liver primordium 
consists of three segments: right, middle and left. Each 
part is vascularized by an artery: 

▪ the right artery, arising from the superior mesenteric 
artery – for the right lateral segment; 

▪ the common hepatic artery originated from the celiac 
trunk – for the median segment; 

▪ the left artery arising from the left gastric artery – for 
the left lateral segment. 

Most frequently, the right and left branches disappear 
following the regression and remodeling processes. If the 
right or left embryonic artery does not totally regress, it 
becomes the right or left aberrant hepatic artery. 

Knowledge of the hepatic arteries morphological 
variants has become increasingly important as the number 
and variety of hepatic surgical interventions (especially 
transplants) increased. Such morphological variants have 
the potential to influence and complicate the surgical 
procedures, mainly the laparoscopies and those involving 
other organs such as the duodenum, the gallbladder and 
the pancreas that are supplied by hepatic arteries branches. 
They can also cause problems in transarterial chemo-
embolization therapy in liver cancer. 

Another aspect that our case revealed was the presence 
of two anastomoses of the hepatic artery proper, one with 
the accessory right hepatic artery and one with the left 
gastric artery. 

The congenital anastomoses of the hepatic arteries 
are described in the anatomical literature. They can be 
located between the hepatic artery branches (intra or 
extrahepatic); most commonly they are present in cases 
of arterial variations (accessory or replaced arteries) and 
are extrahepatic, situated close to the hilum [59]. The 
diameter of these anastomoses varies between 1.5 and 
3 mm. The anastomoses can be right (linear) or tortuous. 

The incidence of the congenital hepatic anastomoses 
described in the anatomical literature varies. Michels [30] 
describe anastomoses in 12% of cases, most often at type 
VI of the hepatic artery in his classification, namely the 
presence of an accessory right hepatic artery arising off 
the superior mesenteric artery. Miyaki et al. [60] report a 
45% incidence in fetuses with aberrant hepatic arteries. 
In their angiographic study [59] revealed anastomoses 
only in 1.39% of cases; all cases had replaced hepatic 
artery, and the mean diameter of the anastomoses was 
2.4 mm [3] also describes an anastomosis between the 
accessory right hepatic artery and the hepatic artery 
proper. 

The percentage differences are caused by the age of the 
studied group (fetuses or adults), the presence of hepatic 
affections and the study methods. Embryological studies 
have revealed that fetal vascularization differs from adult 
vascularization. It undergoes a series of remodeling 
processes after which part of the vessels disappear. The 
anomalies of the regression process and the persistence 
of some vessels may be a cause of congenital arterial 
anastomoses. 

The presence of anastomoses between the hepatic 
artery proper and the accessory or replaced hepatic 
arteries arising from the superior mesenteric arteries or 
the left gastric artery can be explained embryologically, 
through the persistence of longitudinal anastomoses 
between the anterior branches of the dorsal aorta or 
branches of the vitelline arterial network. The anastomoses 
become evident in individuals with hepatic affections 
(cirrhosis, tumors) and are clinically important in the 
hepatic artery chemoembolization therapy. 

 Conclusions 

This report presents a rare morphological variant of 
the celiac trunk, which in this case had five branches – 
through the additional presence of the left inferior phrenic 
artery and the accessory right hepatic artery. The case  
is also noteworthy for its’ hepatic arterial sources (their 
number and origin) and the presence of two anastomoses 
of the hepatic artery proper, one with the accessory right 
hepatic artery and one with the left gastric artery. The 
increasing number of surgical interventions and interven-
tional radiological procedures require thorough knowledge 
of the possible celiac trunk anatomical variants and hepatic 
artery vascularization. The description of the rare vascular 
variants is always an interesting and useful topic for 
performing successful upper abdominal surgery, reducing 
the risk of complications and errors in imagistic inter-
pretation. 
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