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I. Literature Review 

1. Introduction 

Anatomical variations of the coeliac artery/axis (CA) and hepatic arteries (HA) are 

not uncommon. Previously, unsubtracted and then digital subtraction catheter 

angiography were the primary imaging modalities in arterial studies. The 

technological evolution of the multidetector computed tomography (MDCT) has led 

to an exponential increase in its clinical use. In addition to depicting the morphology 

of the intra-abdominal solid organs, MDCT is now the first imaging modality in 

angiographic studies for primary and secondary liver tumours and hepatic trauma. 

MDCT angiography has by and large replaced invasive digital subtraction 

angiography (DSA) for diagnostic workup of the vascular anatomy (1, 2). MDCT is 

readily available, has high spatial resolution, is faster and less invasive when 

compared with  DSA (3).   DSA is predominantly reserved for inconclusive CTA 

findings in patients with a high suspicion of vascular injury and for therapeutic 

purposes.  

 

2. Role of MDCT 

Technological advances in medical imaging specifically driven by the invention of 

the MDCT, have led to the introduction and growth of minimally invasive surgical 

and interventional procedures in the treatment of many intra-abdominal 

pathologies. Advanced primary and metastatic hepatic tumours can be treated by 

means of  surgery, minimally invasive procedures such as trans-arterial 

chemoembolisaton  (TACE),  and radio-embolization (1, 4, 5). Transarterial 

chemotherapy delivery and/or embolisation is a safe and effective treatment 

method that can achieve some local tumour control, improved quality of life and 

survival (4, 6). In the same vein, sufficient evidence exists to support the safety and 

effectiveness of the Y90 microspheres therapy, though stricter methodical 

angiographic technique is required to prevent non-target organ injury (7).   

Due to its size and a relatively fixed intra-abdominal position, the liver is one of the 

most frequently injured solid abdominal organs following blunt and penetrating 

trauma and it is the leading cause of mortality (8-10). Improvement in MDCT and 
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development of less invasive interventional procedures has led to a shift from 

operative to non-operative management of patients with liver injury following blunt 

and penetrating abdominal trauma (10). Massive arterial hepatic post-traumatic 

haemorrhage can be managed by transcatheter superselective arteriography and 

coil or particle embolisation of the injured hepatic artery (9, 11, 12). Therapeutic 

embolisation is associated with decreased morbidity, shorter hospital stays, and 

fewer surgery related complications such as infections. The success of hepatic 

artery embolisation depends on early detection of active contrast medium 

extravasation or false aneurysms on MDCT angiography, together with clinician 

awareness of its utility and the availability of rapid mobilisation of the angiographic 

personnel (12). The accurate depiction of the vascular anatomy is of utmost 

significance to both the surgeon and interventional radiologists. Furthermore,  

newer interventional procedures require that the interventional radiologist has a 

perfect understanding of the normal and variant anatomy of the arteries in order to 

plan and obtain the best approach possible and minimise complications (13). With 

the increase in the number of patients benefiting from liver transplants, trauma 

embolisation, TACE and/or radio-embolisation, understanding of the anatomical 

variations of the CA and hepatic artery is of utmost significance to minimise 

procedure complications and procedure duration. If the surgeon or interventional 

radiologist is not aware of the presence of variant anatomy, iatrogenic injury to the 

vessels or suboptimal treatment may occur, resulting in high morbidity and 

mortality.  

 

2.1 Embryological development of the coeliac axis and 

branches 

Angiogenesis originates from the mesoderm, initially from blood islands 

(haemangioblasts) situated in the lining of the yolk sac. The heart, alongside the 

blood vessels, start to develop towards the end of the third week when the 

trilaminar disc can no longer solely be supplied with nutrients via simple diffusion. 

Initially, there are two dorsal aortae and their respective multiple ventral and lateral 

segmental arteries (14). The vascular supply develops concomitantly together with 
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the gut system. The gut is attached to  the dorsal body wall by the dorsal 

mesentery. The ventral segmental (vitelline) arteries traverse the dorsal mesentery 

to perfuse the gastro-intestinal system that stretches from the distal oesophagus to 

the anus.  As a result of craniocaudal and lateral body folding, the two dorsal aortae 

combine to form a single aorta situated in the midline, anterior to the developing 

vertebral column. Concurrently, the paired segmental ventral arteries combine in 

the midline in a craniocaudal direction, resulting in the formation of the CA, 

superior mesenteric artery (SMA) and inferior mesenteric artery (IMA) (3). 

Simultaneously, the future renal arteries develop from fusion of the lateral 

branches supplying the mesonephros. 

 

The fusion of the ventral arteries is a complex developmental process as regression 

of certain segments also occurs. During the process of angiogenesis, failure of 

fusion or regression of certain pre-determined components result in different 

anatomical variations in the branching patterns of the CA and hepatic arterial 

system (HAS) (2, 3). 

 

The coeliac axis is the artery that supplies the foregut-derived organs such as the 

distal oesophagus, stomach, liver, first and second parts of the duodenum, 

gallbladder, and pancreas. The pancreas receives additional blood supply from the 

superior mesenteric artery (SMA) via the inferior pancreaticoduodenal artery. The 

SMA perfuses the midgut derivatives and inferior mesenteric artery the hindgut 

derivatives. 

 

2.2 Normal anatomy of the coelic axis and hepatic artery. 

The descending thoracic aorta emerges into the abdomen at T12 through the aortic 

hiatus of the diaphragm (15). It is bound anteriorly by the median arcuate ligament, 

a fibrous band  or arch that unites the right and left diaphragmatic crura on either 

side of the aortic hiatus (16).  Figure 1 depicts the branches of CA (3). 
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Figure 1:  Normal coeliac axis and branches.  

Reproduced from White R. et al. (3) 

 

There are three unpaired anterior major branches of the abdominal aorta. The first 

branch is the coeliac axis (CA) that originates at the T12/ L1 level, as the aorta 

emerges from the aortic hiatus. This artery perfuses the foregut derivative solid and 

hollow organs. (See Fig 1 above)  

 

After the CA emerges from the aorta at the T12/L1 level, it runs anteriorly for a 

short distance, before it first gives the left gastric artery (LGA) and then eventually 

splits into the splenic artery (SA) and common hepatic artery (CHA)(17). (see Figures 

2(a) and (b) below) 

The LGA forms an inferior concave configuration as it first runs towards and 

approaches the oesophagus. It gives off a branch that supplies the distal esophagus. 

The LGA then continues along the lesser curvature of the stomach, eventually divides 

into the anterior and posterior branches. The posterior branch anastomosis with the 

corresponding branch from the right gastric artery to form an arterial arcade along 

the lesser curvature (13). 
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Figure 2: Normal coeliac axis and hepatic artery. 

 

(a) Volume Rendered Images                                    

Fig 2(a) Common hepatic artery (wide blue arrow),  splenic artery (long green arrow),  
superior mesenteric artery (white curved arrow), gastroduodenal artery (blue triangle 
arrow), right hepatic artery (curved blue arrow), left hepatic artery (thick white arrow), 
left gastric artery (thin blue arrow). 

 

  

(b) MIP coronal 

Fig 2 (b) Splenic artery (long black arrow), left gastric artery (long thin blue 
arrow), common hepatic artery (short black arrow), gastroduodenal artery 
(blue triangle arrow). Left hepatic artery (thick blue arrow) and right hepatic 
artery (curved black arrow). 

 

The second branch of the CA, the splenic artery tortuously courses to the spleen 

either along the superior border of or posterior to the pancreas. Along its course, 
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the splenic artery gives off several branches, which includes the dorsal pancreatic 

artery, transverse pancreatic artery, greater pancreatic artery, left gastro-omental 

artery (also called gastro-epiploic artery) and short gastric arteries. The left gastro-

omental artery courses along the greater curvature of the stomach within the 

greater omentum , to anastomose with the corresponding right gastro-omental 

artery, arising from the gastroduodenal artery (13, 15). 

The CHA takes an oblique course and passes over the head of the pancreas and 

gives origin to the right gastric artery, followed by the gastroduodenal artery (GDA) 

at the epiploic foramen (foramen of Winslow) to become the proper hepatic artery 

(PHA) (13, 15, 18). The PHA ascends in the hepatoduodenal ligament to the left of 

the common bile duct and anterior to the main portal vein (15, 19). It eventually 

splits into the right and left hepatic arteries. The right hepatic artery also supplies 

gallbladder via the cystic artery. The GDA passes behind the first part of the 

duodenum. It first gives branches to the duodenum and finally divides into the 

superior pancreaticoduodenal and right gastro-omental arteries. The superior 

pancreaticoduodenal artery splits into anterior and posterior branches. Together 

with the corresponding inferior pancreaticoduodenal from the SMA, they form a 

pancreatic arterial arcade/anastomosis. The right gastro-omental artery 

anastomoses with the left gastro-epiploic artery, a branch arising from the splenic 

artery(13).  

 

2.3 Coeliac axis variant anatomy. 

The reported frequency of the normal CA configuration in the literature ranges from 

51% to 90.5% (1, 2, 18, 20-27) (see Table 1). 

Ugurel et al. (2010, n=100) concluded that the frequency of normal CA anatomy in 

their study population was 89% (2). This correlated with the study performed by Song 

et al. (2010; 89.1%) (1), as well as that from South India performed by Thangarajah et 

al (2016) (24) with a prevalence of 89.5%. 
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Author 

             

Country 

of study 

Year Study 
population 

(N) 

Modality 

used 

Normal 
anatomy 
(%) 

Variant 
anatomy 
(%) 

Araujo et al(18) Brazil 2015 60 MDCT 90 10 

Egorov et al(20) Russia 2010 197 MDCT 56.3 45.7 

Ugurel et al (2) Turkey 2010 100 MDCT 89 11 

Song et al(1) South 
Korea 

2010 5002 MDCT/DSA 89.1 10.9 

Lezzi R et al(21) 

Prakash et al(22) 

Mburu et al(23) 

Thangarajah et al(24) 

Winston et al (25) 

Osman et al(26) 

Vandamme et al(27) 

Purushothama et al(28) 

Italy 

India 

Kenya 

India 

USA 

Egypt 

Belgium 

India 

2007 

2012 

2010 

2016 

2005 

2016 

1985 

2018 

555 

50 

123 

200 

394 

1000 

156 

200 

MDCT 

DISSECTION 

MDCT 

MDCT 

CTA 

CTA 

DISSECTION 

MDCT 

72.1 

86 

61.7 

89.5 

51 

90.5 

85.9 

90.5 

27.9 

14 

38.3 

10.5 

49 

9.5 

14.1 

9.5 

 

N = sample size. 

Table 1: Normal and variant anatomy of the coeliac axis. 

 

The study conducted by Mburu et al. (2008; n=123) in Kenya concluded that only 

61.7% of their study population had a normal CA branching pattern. Prakash et al. 

(2012) in India found that 76% had normal coeliac axis anatomy.  

Uflacker’s classification (29) divides the different variations in CA branching pattern 

into eight subtypes. (See Table 2 ) 
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Coeliac trunk variations           Type 

Normal coeliac trunk              I 

Hepatosplenic trunk              II 

Hepatogastric trunk              III 

Hepatosplenomesenteric trunk              IV 

Gastrosplenic trunk              V 

Coeliac-mesenteric trunk              VI 

Coeliac colic trunk              VII 

No coeliac trunk              VIII 

 
Table 2 : Uflacker’s classification of the coeliac trunk anatomical variations.  

 

2.4 Hepatic arterial system anatomical variations. 

The CHA is commonly referred to in textbooks as that segment of the hepatic artery 

originating from the coeliac artery  and which terminates where the gastroduodenal 

artery arises (30). The CHA can have an anomalous origin or course (31, 32). Besides 

CHA variants, several anomalous origins and courses of the right and left hepatic 

arteries are also well documented in the literature (See Table 3). Egorov  et al. (20) 

and Ugurel et al. (2) found  normal common hepatic artery anatomy  in 56.7 % and 

52 % respectively. This correlates with a study by Thangarajah A. et al. (2016) (24)  

from India, with a normal hepatic artery frequency of 57 %. However, Ahmed M. 

Osman et al. from Egypt (26) reported normal CHA anatomy  in 74.3 %.  

Hepatic artery variants include a replaced right hepatic artery arising from the SMA 

and replaced left hepatic artery originating from the LGA (15, 25). 

Additional variants include  accessory right  and  accessory left hepatic arteries (13, 

15).  
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Author Study 
year 

Country Study 
Sample 
size (N) 

Normal 
anatomy 
% 

Variations 
% 

Ugurel et al (2) 2009 Turkey 100 52 48 

Araujo et al(18) 2015 Brazil 60 78.3 21.7 

Song et al (1) 2010 South 
Korea 

5002 96.3 3.71 

Thangarajah et al (24) 2016 India 200 57 43 

Osman et al(26) 2016 Egypt 1000 74.3 25.7 

Brasil et al (33) 2018 Brazil 100    82    18 

Hiatt et al (34) 1993 USA 1000 75.7 24.3 

Purushothama et al (28) 2018 India 200 76.5 23.5 

Covey et al (32) 2001 USA 600 61.3 38.7 

 
Table 3: Normal patterns and variations of the hepatic arterial system. 

 

The Michels classification is the most commonly used classification system for 

hepatic arterial variations (35). (See Table 4)  

This classification system divides variations into 10 subtypes. However, Hiatt et al 

modified Michels classification to reflect the presence of vessels that were either 

accessory or replaced, so that the original ten groups were reduced to five major 

subtypes and the most rare, sixth variant (34). The difference in frequency of the 

hepatic artery variations amongst these studies could be dependent  on the varying 

classifications of what constitutes a common hepatic artery (3). 

In order to accommodate the variant origin of the common hepatic artery from 

sites other than the coeliac axis, Song et al. redefined the CHA as an arterial trunk 

containing at least one segmental hepatic artery plus the gastroduodenal artery, 

irrespective of the trunk’s  origin and its anatomic course  (1). 
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Type Description  

I. Normal anatomy 

II. Replaced left hepatic artery arising from the LGA. 

III. Replaced right hepatic artery arising from the SMA. 

IV. Replaced right and left hepatic arteries (co-existence of II and III). 

V. Accessory left hepatic artery arising from the LGA. 

VI. Accessory right hepatic artery arising from SMA 

VII Accessory left hepatic artery off the LGA and accessory right hepatic 
artery off the SMA. 

VIII. Accessory left hepatic artery off the LGA and replaced right hepatic 
artery off the SMA. 

IX. Common hepatic artery arising from the SMA. 

X. Right and left hepatic arteries arising from the LGA. 

 
Table 4: Modified Michels classification of the hepatic arterial system variations. 

 

Illustrated below is a schematic representation of the hepatic artery variations as 

per  Michels classification (13). 

 

 Figure 3: Schematic representation of hepatic arterial variation according to 
modified Michels classification system. Note:  Reproduced from Favelier et al. (13). 
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3. Relevance in South Africa 

South Africa has a high prevalence of trauma due to road traffic accidents, gunshots 

and interpersonal violence. The liver is one of the most commonly injured intra-

abdominal solid organs after the spleen, following blunt and penetrating abdominal 

trauma (9, 10). South Africa has the highest rate of injury-related deaths (157.8 per 

100 000) on the African continent and almost twice the global average (86.7 per 100 

000) (36, 37). In addition, there are a number of patients presenting to Groote 

Schuur Hospital, South Africa with primary liver tumours or colorectal metastases to 

the liver who may benefit from surgery, liver transplantation or interventional 

procedures such as trans-arterial chemotherapy, chemo-embolisation or radio-

embolisation (38, 39). Currently, no radio-embolisation procedure has been 

performed at GSH, but is a well-known standard of care procedure for inoperable 

hepatic tumours at other centres within South Africa (40). 

 

These sophisticated and minimally invasive interventional procedures necessitate 

that the surgeon or radiologist has a good knowledge of the normal and variations 

in the branching patterns of the coeliac axis and hepatic arterial systems. The 

frequency of the normal anatomical configuration varies between 51 % and 90 % 

globally. However, to our knowledge, there are currently no studies of the 

anatomical variations of the coeliac axis and hepatic arterial system in the South 

African population. 

It was felt relevant to investigate and document the prevalence and gender 

variation of the normal and variant anatomy of the coeliac and hepatic arterial 

systems in the Groote Schuur Hospital population located in Cape Town in the 

Western Cape of South Africa. 
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4. Conclusion 

The interventional radiologist and surgeon should be aware of the full range of 

variant anatomy of the coeliac axis and hepatic arterial system. It is imperative to 

recognize this on MDCT angiography to plan the hepatic procedure by surgical or 

endovascular route accordingly to optimise treatment, reduce procedure time, 

optimise contrast utilisation and prevent iatrogenic liver injury. 
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Title: Normal variations of coeliac and hepatic artery blood supply to the liver 

as identified on multidetector computed tomography (MDCT) studies at 

Groote Schuur Hospital, Western Cape Province, South Africa between 2018 

and 2019. 

 

2. Abstract 

Background:  

Variant anatomy of the coeliac axis and hepatic arterial system is not uncommon. 

With the evolution of new minimally invasive surgical techniques and endovascular 

hepatic therapies, the interventional radiologist and surgeon should have a good 

knowledge of the normal and variant anatomy to optimize treatment and minimise 

iatrogenic vascular liver injuries. 

Objectives:  

To analyse and describe the prevalence of normal and variant anatomy of the 

coeliac axis (CA) and hepatic arterial (HA) system. 

Methods:  

A total of 300 MDCT angiography studies performed during a two-year period at 

Groote Schuur Hospital, Western Cape Province, South Africa were retrospectively 

reviewed.  

Results:  

The CA and HA variations were analysed according to Uflacker’s and Michels 

classifications respectively. A normal CA was seen in 88.3% (n=265) of patients. The 

most common variant anatomy was the hepatosplenic trunk, seen in 2% (n=6). 3% 

(n=9) of patients could not be classified according to Uflacker’s classification. A 

normal HA was seen in 55% (n=165). The most common variant hepatic anatomy 

was the accessory LHA seen in 12.7% (n=38). 30.7% (n=92) of HA variant anatomy 

could be classified and the remaining 14.3% (n=43) could not. Double hepatic artery 

(2.7%; n=8) and CHA trifurcations (5.3%; n=16) were the most common variants of 

the unclassified variants. 
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Conclusion:  

Variant CA and HA anatomy is very common. We demonstrated a greater 

prevalence of an accessory LHA than that reported in the literature. Although the 

prevalence of the rest of the variant anatomy was comparable to other studies, a 

few previously undescribed variants were also identified. 

 

Keywords: 

Variant anatomy; coeliac axis; hepatic arterial system; prevalence; MDCT 

angiography. 

 

3. Introduction 

Variant anatomy of the coeliac axis and hepatic arterial system is not uncommon. 

Reported normal anatomy of the coeliac axis and hepatic artery  is between 51 and 

90% (1-6). Multidetector computed tomography (MDCT) angiography has an 

anatomical accuracy rate of 97-98 % (7, 8). MDCT angiography is readily available, is 

fast, has high spatial resolution and is non-invasive when compared with DSA. 

Additional advantages of MDCT angiography over DSA are a significantly reduced 

amount of contrast medium and the ability to assess the relationship between solid 

organs and the vasculature (2, 9). Hence, MDCT angiography has by and large 

replaced digital subtraction angiography as the first line of investigation in 

determining vascular anatomy of the hepatic artery prior to interventional 

procedures or surgery of the liver. 

 

The success of liver transplantation surgery depends on preservation of the hepatic 

arterial blood flow. Furthermore, treatment of advanced primary and metastatic 

liver tumours has evolved, with some patients benefitting from interventional 

procedures such as intra-arterial chemotherapy, chemo-embolisation and/or radio-

embolisation (1, 10-13). South Africa is ranked the highest on the African continent 

in terms of trauma and violence-related injuries (14, 15). Hepatic artery 

embolisation is a well-recognised invaluable procedure in trauma patients with 

hepatic arterial injury (16). The coeliac axis is initially cannulated and super-
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selective catheterisation of the hepatic artery is critical in treating traumatic hepatic 

arterial injury. Its advantages include shorter hospital stay, reduced risks of 

infections and it is a less invasive procedure.  

 

For optimal treatment of the aforementioned hepatic conditions and prevention of 

iatrogenic liver injury, interventional radiologists and surgeons should have a good 

knowledge of the different CA and hepatic artery variant anatomy. There are 

currently no documented studies of the South African population pertaining to the 

anatomical variations of the coeliac axis and hepatic arterial system. It was 

therefore felt to be relevant to investigate the prevalence of the normal and variant 

anatomy of the coeliac axis and hepatic arterial system in the Groote Schuur 

Hospital population located in Cape Town in the Western Cape Province of South 

Africa. 

 

4. Research Methods and Study Design 

4.1.1 Study design 

The study involved a retrospective review with both quantitative and qualitative 

components. 

4.1.2 Sampling / Inclusion criteria 

All patients who underwent a CT angiogram of the abdomen, the thoracic and 

abdominal aorta and routine contrast CT of the abdomen between January 2018 

and December 2019 at Groote Schuur Hospital, a tertiary academic hospital in the 

Western Cape Province of South Africa were included in the study. 

 

 

 

Exclusion criteria: 

1. Patients known with or newly diagnosed with an abdominal aortic aneurysm 

and aortic dissection which may distort coeliac axis anatomic details. 
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2. Previous major abdominal surgery such as Whipple’s procedure or 

gastrectomy. 

3. Extensive abdominal aortic atherosclerosis. 

4. Major abdominal trauma with retained metallic foreign bodies. 

5. Suboptimal studies with poor arterial system opacification.  

4.1.3 Data collection 

Patients were identified by searching for specific phrases in radiology reports on the 

Groote Schuur Philips Picture Archiving and Communicating System, (PACS) which 

were: “CTA abdomen”, “CTA thoracic and abdominal aorta” and “contrasted CT 

abdomen.” 

Data were recorded in Microsoft Excel where a study number cypher system was 

used to protect patient confidentiality. 

Three radiology registrars with 4-6 years’ experience in analysing CT images and 

vascular studies independently interpreted the CT images with respect to the 

anatomy of the coeliac axis and hepatic arterial system. The primary investigator 

initially performed double reading of the images and the other two registrars 

performed a single read. In the event of discrepancy, the CT images were carefully 

reviewed again to attain consensus.   

4.1.4 Data analysis 

The study population included male and female patients who had undergone an 

MDCT abdominal aorta angiogram or contrasted CT abdomen at Groote Schuur 

Hospital, Western Cape Province in South Africa between January 2018 and 

December 2019. 

2316 studies met the search criteria and the first 300 studies were selected, 

evaluated and analysed. 

Trauma was the indication in approximately 54 % (n=162) of the selected studies. 

The collected data were classified according to Uflacker’s (Table 2) and Michels (Table 

4) classifications.  

The data was then entered on an Excel spreadsheet, with variations of the coeliac 

axis and hepatic artery noted as being either present or absent. The frequency of 
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each variant branching pattern was calculated (as a summation of all the subjects 

with that variation) and converted into percentages. 

4.1.5 Ethical considerations 

Ethical approval was granted by the Human Research Ethics Committee of the   

University of Cape Town. HREC Ref 181/2020 (Appendix 1). 

Hospital Research Board permission was sought and granted (Appendix 2). 

 

5. Results 

Of the 300 patients, 74% (n=222) were male and 26% (n=78) were female. The 

mean age was 36.8 years (SD = 14.3, Range = 13-79 years). The majority of the 

sample fell between 20-49 years of age (n=221; 74%). See Figure 4 below. 

 

Figure 4: Age distribution of sample 

 

88.3 % (n=265) of the subjects had a normal coeliac axis (type 1) configuration, 

according to Uflacker’s classification and 55% (n=165) had a normal hepatic arterial 
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system (type 1) morphology in terms of Michels classification. 52.7% (n=158) had 

both a normal coeliac axis and hepatic arterial system (see figure 5 below).  

 

 

 

 

 

 Figure 5: Frequency of normal coeliac axis, hepatic artery and coeliac axis and  

                  hepatic arterial system. 

 

8.7 % (n=26) of patients demonstrated a variation of the coeliac axis according to 

the Uflacker’s classification (type II to type VII) with type V (3 %; n=9) being the 

most frequent and types IV and VII the least frequent (0 %; n=0). (Table 5) 

An absent coeliac axis was seen in 1 % (n=3) of the patients in our study population. 

3% (n=9) of the patients had quadrifurcation of the coeliac axis, which is not 

classified as a subtype in Uflacker’s classification. 
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Coeliac axis variation            Subtypes   % of patients (n) 

Normal 

Normal coeliac axis 

I  88.3% (265) 

Hepatosplenic trunk 

 

II 2% (6) 

Hepatogastric trunk 

 

III 

 

1% (3) 

Hepatosplenomesenteric trunk 

 

IV 0% (0) 

Gastrosplenic trunk 

 

V 3% (9) 

Coeliac-mesenteric trunk 

 

VI 1.7% (5) 

Coeliac-colic trunk 

 

VII 0% (0) 

No coeliac trunk   VIII 1% (3) 

NOS 

 

 
 3% (9) 

Total  

 

 

 100% (300) 

 
Table 5:Frequency of coeliac axis variation subtypes according to Uflacker’s     
classification. (NOS Not otherwise specified) 
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Hepatic artery variation Subtype % of patients (n) 

(%)  Normal anatomy 

 

I 55 (165) 

 
Replaced LHA originating from the LGA II 3.7 (11) 

Replaced RHA originating from the SMA III 6.3 (19) 

Co-existence of Type I and Type II IV 

 

0 (0) 

Accessory LHA originating from the LGA V 12.7 (38) 

Accessory RHA originating from the SMA 

thSMASMAthethsuperimesenteric artery 

VI 1.3 (4) 

Co-existence of the accessory LHA and accessory RHA VII 0.7 (2) 

Accessory LHA from the LGA and replaced RHA from SMA 

mesenteric artery 

VIII 3.3 (10) 

CHA from the SMA 

 

IX 2.7 (8) 

RHA and LHA from the LGA X 0 (0) 

UNCLASSIFIED:    

CHA off the SMA and Accessory LHA  0.7 (2) 

PHA off the SMA, GDA off the Splenic artery 

PHA off the SMA, GDA off the splenic artery 

 0.7(2) 

Trifurcation of CHA  5.3(16)  

Trifurcation of CHA and Accessory RHA  0.3(1) 

Distal or “late” take-off of the GDA  3 (9)  

Replaced LHA and Accessory RHA  0.7 (2) 

Double hepatic artery  2.7 (8) 

Double hepatic artery and accessory LHA  0.3 (1) 

Accessory LGA off the PHA  0.3 (1) 

Direct communication between SMA and GDA   0.3 (1) 

 
Table 6: Hepatic arterial anatomical variations. 

 

30.7% (n=92) of patients demonstrated a variation of the hepatic artery according 

to Michels classification (type II to IX), with type V being the most common (12.7%; 

n=38) and types IV and X being the least frequent (0%; n=0). (See Table 6) 
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14.3% (n=43) patients did not conform with Michels classification and were 

documented as unclassified. 

Within this category, the trifurcation of the CHA was the most frequent (5.3%; 

n=16), followed by the distal or “late” take-off of the GDA (3%; n=9) and the double 

hepatic artery (2.7%; n=8). In distal or “late” take-off of the GDA, the common 

hepatic artery divides into left and right hepatic artery with the GDA originating 

from either the RHA or LHA. The proper hepatic artery is absent in this branching 

pattern. This is differentiated from the double hepatic artery, where both right and 

left hepatic arteries originate directly from the coeliac axis with the GDA emerging 

as a branch from either the LHA or RHA (17). The CHA is absent. 

The percentage with trifurcations of the CHA into GDA, LHA and RHA was 5.3% 

(n=16), which is not considered a variant by most authors but could have serious 

implications in endovascular procedures and open surgery. This variant anatomy 

was reported in  8.3% by Covey et al(17) in their series, while Vandamme et al 

found it in only 2%. 

Double hepatic artery is defined as separate origins of the RHA and LHA either from 

the CA or directly from the aorta. The GDA then arises from either the LHA or the 

RHA. In our series, 3% (n=9) of the patients had a double hepatic artery arising from 

the coeliac axis and the GDA was always a branch of the LHA.  In one patient with a 

double hepatic artery, there was also an additional accessory LHA variant. 

Distal or late take-off of the GDA can be differentiated from the double hepatic 

artery by the presence of the CHA, with the GDA emerging distally from either the 

RHA or the LHA. 3% (n=9) patients had late take-off of the GDA. In 1.5% (n=5) of 

patients, the GDA originated from the RHA and in the remaining 1.2% (n=4), from 

the LHA.  

Other uncommon variant anatomy that has not been described elsewhere include a 

combined CHA originating from SMA with an accessory LHA off the LGA, which was 

seen in 0.7% (n=2) patients. 

In 0.7% (n=2) patients, the PHA arose from the SMA with the GDA originating from 

either the gastrosplenic common trunk or the splenic artery in a second patient. 

0.7% (n=2) of patients also demonstrated a replaced LHA and an accessory RHA. 
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There was no significant association between gender and variation in the hepatic 

arterial system (p= 0.412) or the coeliac axis and hepatic arterial system combined 

(p=0.301). However, a significantly higher proportion of males had a variant 

anatomy of the coeliac axis compared to females ( p=0.037) (Table 7). 

 

 Gender Statistics 

 Male 

n = 222 

Female 

n = 78 
Χ2 P V 

Coeliac Axis Anatomy   4.37 0.037 0.12 

Normal 191 (86%) 74 (94.9%)    

Variant 31 (14%) 4 (5.1%)    

Hepatic Arterial System   0.67 0.412 0.05 

Normal 119 (53.6%) 46 (59%)    

Variant 103 (46.4%) 32 (41%)    

Coeliac and Hepatic   1.07 0.301 0.06 

Normal 113 (50.9%) 45 (57.7%)    

Variant 109 (49.1%) 33 (42.3%)    

 

Note: Data presented are actual numbers with proportions in parentheses. V = Cramer’s V 

(effect size for a chi-square test).  

Table 7: Frequency of coeliac axis, hepatic artery, coeliac axis and hepatic arterial 
variant anatomy by gender.  

 

There was no significant statistical difference in age between those with normal and 

variant coeliac axis, hepatic artery anatomy, or coeliac axis and hepatic artery 

anatomy combined (see Table 8). 
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 Variation Statistics 

 Normal Abnormal t p d 

 n  M (SD) n  M (SD)    

Coeliac Axis Anatomy 265 36.8 (14.4) 35 36.7 (14.3) -0.04 0.969 0.01 

Hepatic Arterial System 165 36.4 (13.3) 135 37.3 (15.5) 0.55 0.585 0.04 

Coeliac and Hepatic 158 36.3 (13.4) 142 37.4 (15.3) 0.66 0.510 0.05 

 

Note. d = Cohen’s d (effect size for an independent sample t-test).  

Table 8: Frequency of normal and variant anatomy of the coeliac axis, hepatic artery 

and coeliac axis and hepatic arterial system. 

 

6. Discussion 

CT is performed in many patients with colorectal, hepatic and pancreatic tumours 

to confirm and stage the disease, as well as to formulate an appropriate 

management plan. Additionally, patients in acute settings such as following trauma 

and who are deemed haemodynamically stable or otherwise at risk, also undergo 

MDCT angiography studies. The latter constituted 54% of our study population. DSA 

was regarded as the gold standard for angiographic studies in prior work, but MDCT 

has almost completely replaced DSA as the first line of investigation in hepatic 

vascular studies because of its non-invasive nature, speed and easy accessibility. 

Images are acquired in a single breath-hold as thin-slice high-resolution axial images 

and multiplanar reconstruction (MPR), maximal intensity projection (MIP) and 

volume rendered 3D images are reconstructed (4). These images are used as a 

roadmap in hepatobiliary surgery, liver transplants and hepatic endovascular 

procedures such as  intra-arterial chemotherapy and coil embolisation (2).  

 

The coeliac axis is the first visceral branch of the abdominal aorta and it emerges at 

T12/L1 level. After a short distance, it typically divides into the LGA, splenic artery 

and CHA. The CHA takes an oblique course with a gentle superiorly concave curve, 
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coursing to the right at the superior margins of the pancreatic head until it reaches 

the foramen of Winslow. It  then splits into the GDA and PHA (18).  

 

The PHA ascends within the hepatoduodenal ligament on the left of the common 

bile duct and anterior to the portal vein (19). It eventually splits into the left hepatic 

and right hepatic artery at the hepatic hilum or some distance away from the hilum. 

The middle hepatic artery perfumes segment IV of the liver. It arises from either the 

right or the left hepatic artery (20, 21). However, the  presence or absence of the 

middle hepatic artery was regarded as normal by other authors (17). 

 

Uflacker described eight different variations in the coeliac axis (22).  

We identified a normal branching pattern of the coeliac axis in 88.3% (n= 265) of 

our study population. This frequency correlates with that found in studies 

performed by Song et al. (89.1%) as well as many other studies (1, 2, 21, 23-30).  

(Table 9.) 

 

Author n Frequency (%) 

Muzenda et al (2020) 300 88.3 

Song et al (2010)(1) 5002 89.1 

Ugurel et al (2010)(21) 100 89 

Thangarajah et al (2016)(23) 200 89.5 

Araujo et al (2015)(24) 60 90 

Panagouli et al (2013)(25) 12196 89.42 

Michels textbook (1966)(26) 200 89 

Chen et al (2009)(27) 974 89.8 

Arifuzzaman et al (2017)(28) 110 88.2 

Vandamme and Bonte (1985)(29) 156 85.9 

Selvaraj et al (2015)(30) 75 90.6 

Lezzi et al (2008)(2) 524 87.6 

 
Table 9: Frequency of normal coeliac axis anatomy. 
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In his meta-analysis of “no coeliac axis reports”, Bergman et al. (31) found that the 

absence of the coeliac axis is a very rare variant with a frequency of 0.4%. However, 

our study found a higher prevalence of 1% (n=3) (Figure 6), which was in agreement 

with the 1% (n=1)  reported by Ugurel et al. (21).  

 

 

 

Figure 6: Absent coeliac axis.  

Left gastric artery (long thin black arrow); Splenic artery (black arrow); Replaced 
CHA (short thick white arrow) and SMA (curved white arrow). 

 

The three most common coeliac axis variant anatomies in our study are 

gastrosplenic trunk (3%; n=9), hepatosplenic trunk (2%; n=6) and coeliac-mesenteric 

trunk (1.7%; n=5). Oran et al. (32) reported a rare variant where the splenic artery 

formed a common trunk with the superior mesenteric artery (splenomesenteric 

trunk) and the common hepatic artery and left gastric artery formed the 

hepatogastric  trunk. In our study population, 1% (n=3) of patients demonstrated 

hepatogastric trunk; 0.7% (n=2) of patients had a splenomesenteric trunk and in 0.3% (n=1) 

of patients (Figure 7), the splenic artery emerged directly from the aorta.  
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Figure 7: Volume Rendering Images. 
Splenic artery (thick white outline black arrow) originating from the SMA (short 
black arrow). LGA (thin black arrow) and CHA (broken black arrow) 

White et al. (9) reported that quadrifurcation of the CA due to separate origins of 

the RHA and LHA, is seen in 9.7% of the population. In our population sample, 3% 

(n=9) patients demonstrated quadrifurcation of the coeliac axis with the GDA 

originating from the LHA.  (Fig 8a and 8b) 

 

(a)       (b) 
Figure 8 (a) and (b): Quadrifurcation of the coeliac axis.  
Splenic artery (curved arrow); LGA (thin long arrow); LHA (dotted white arrow) and 
RHA (wide white arrow). 

Both the coeliac axis and hepatic artery had a normal branching pattern in 52.7% 

(n=158) in our series. Ugurel et al. (21) in their series, found 50% of patients 

demonstrating normal branching pattern of the coeliac axis and hepatic artery.  

 

Michels classification described 10 variant subtypes of the branching pattern of the 

hepatic arteries (26). Normal hepatic artery configuration is reported  in 51-80% (4, 

5, 17, 21, 27, 28)  In our study, 55% (n=165) patients demonstrated normal hepatic 
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artery morphology, thus lying on the lower end of this prevalence range. This 

correlates more closely with studies performed by Ugurel; et al. (52%), Thangarajah 

et al. (57%) and Covey et al. (61.3%) (17, 21, 23). Studies by Winston et al.(4), 

Ugurel et al. (21) and Kamel et al. (33) found the type III variant (replaced RHA 

originating from the SMA) as described in Michels classification to be the most 

common. In our series, the type V variant (accessory LHA originating from the LGA) 

was the most common variant with 12.7%(n=38). The replaced right hepatic artery 

originating from the SMA (type III) was the second most common variant identified 

in 6.3% (n=19) patients. The replaced or accessory RHA almost always traverses the 

portocaval space (Fig. 9a) while the replaced or accessory LHA traverses the fissure 

of ligamentum venosum ( Fig. 9b) (34). 

 

  

Figure 9: (a) Porto-caval space.  

Replaced RHA within the portocaval space (long thin black arrow). IVC (short thick 
black arrow). Portal vein (curved white arrow). 
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9(b) fissure of ligamentum venosum.  
Accessory LHA traversing the fissure of ligamentum venosum (thin long blue arrow). 

 

The third most common variant in our study was the unclassified trifurcation of the 

CHA at 5.3% (n=16). This variant was not included in Michels classification system. 

Another unclassified variant was a combination of the CHA arising from the SMA 

and an accessory LHA, seen in two cases (0.7%; n=2). To our knowledge, this variant 

anatomy identified in our study has not been described. 

Covey et al. (17) described another rare variant, viz the PHA (0.3%; n=2) originating 

from the SMA, with a separate origin of the GDA directly from the aorta. A similar 

prevalence was noted in our study (0.7%; n=2). In one patient, the GDA originated 

as a branch from the splenic artery and in another from the gastrosplenic trunk, 

instead of from the aorta. (Figure 10) 

 

Figure 10: Gastroduodenal artery (GDA-thin green arrow) arises off the splenic 
artery (short blue arrow). Long black arrow -SMA, white curved arrow- PHA 
originating from the SMA.  
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Another uncommon but important variant is the double hepatic artery which was 

describe by Frasel et al., Covey et al., Kapoor et al. and Winston et al. (4, 17, 35, 36). 

Double hepatic artery is present when one or both hepatic arteries arise from the 

either the coeliac axis directly or the aorta. The CHA is absent in this branching 

pattern.  

The double hepatic artery variant is distinguished from the distal or “late” take-off 

of the GDA by the presence of the CHA. In our series, 2.7% (n=8) and 3% (n=9) of 

patients had a double hepatic artery and distal origin of the GDA respectively. The 

frequency of the double hepatic artery and distal GDA origin were 3.7% and 4.2% 

respectively in Covey et al. series (17) which correlates fairly closely with our 

findings. 

Other very rare variants were a pancreaticoduodenal arcade that developed as a 

single channel between the SMA and GDA (n=1) (Figure 11); and an accessory LGA 

arising from the PHA (n=1). To our knowledge the latter variant has not been 

reported.  

 

Figure 11: Pancreaticoduodenal arcade with a single channel connection between 

the CHA and SMA. 

 

(a) Common hepatic artery (thin black arrow), gastroduodenal artery (thick black 

arrow) and superior mesenteric artery (black arrowhead). 
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(c) Common hepatic artery (thin white arrow), gastroduodenal artery (curved white 

arrow) and superior mesenteric artery (white arrowhead). 

 

It should be noted that in the original article by Michels (26), from which the 

Michel’s classification of hepatic artery variations originates, a middle hepatic artery 

is described for seven of the 10 anatomic variations. The middle hepatic artery is 

seldom mentioned in the literature or in radiological reports, though a variant blood 

supply to segment IV of the liver is very important for the donor rather than the 

recipient in liver transplant surgeries (20, 21).  

6.1  Strengths and limitations:  

The major strength of our study was the large population sample.  

Limitations to our study design was the unavailability of DSA angiographic 

confirmation of the CTA findings. 

This was a retrospective study.  

 

 

 

 

 

 

 



39 
 

6.2 Recommendations 

 

1. Knowledge of the coeliac axis and hepatic arterial system anatomy and its 

variations cannot be overemphasized. Thus, information should be included 

in all radiological reports where necessary.  

2. Similar studies in other South African populations need to be performed to 

determine the prevalence of the novel variants identified in this study. 

 

 

7. Conclusion 

 

Our study has demonstrated that the variant anatomy of the coeliac axis and 

hepatic artery separately and in combination is common (11.7%, 45% and 47.3% 

respectively).  Most of our findings correlate with the various studies cited, 

although novel unclassified variants were identified specifically pertaining to the 

hepatic arterial system. 

Ten variants identified during this study, representing 14.3% of the hepatic artery 

variants, could not be classified using Michels classification system. Similar studies 

within the South African population are recommended to establish whether the 

frequency of these findings is significant enough to warrant a modification of 

Michels classification. 
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