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Abstract

Purpose Vascular anatomy of the liver is subjected to

many variations. The most common hepatic artery (HA)

replacement is the right hepatic artery (RRHA). Variations

of the HA are particularly important consideration when

choosing the best surgical procedure or if radiological ab-

dominal intervention is required. In this study, we

evaluated the anatomical details of the RRHA origin.

Methods Retrospective investigation of clinical data from

1569 patients who underwent an abdominal MDCT was

performed. The anatomy of RRHA origin was described

based on four parameters measured: D—the distance be-

tween SMA origin and the RRHA origin, L—the lumen at

the place of origin, AH—the origin angle from the SMA in

horizontal plane, and AV—the origin angle from the SMA

in vertical plane.

Results RRHA arising from SMA was detected in

10.13 % of cases (159/1569) and its anatomy was sub-

jected to variations. Mean (±SD) of parameters D, L, AH

and AV was 27.34 mm ± 6.83, 3.29 mm ± 1.17,

97.278 ± 26.69 and 89.738 ± 20.81, respectively. Values

of parameters D and L were significantly higher in males

compared to females.

Conclusion Although radiologists are not always aware

of the clinical significance of the RRHA origin, the

evaluation of its anatomy is thought to help reduce the risk

of inadvertent vascular injury, especially in pancreato-

duodenectomy. Detection and evaluation of the RRHA

does not necessarily require angio-CT examination. Our

study demonstrated that the MDCT, the standard imaging

modality for diagnosing the abdominal symptoms, is suf-

ficient to provide the knowledge of the HA abnormalities.

Keywords Replaced right hepatic artery �
Pancreatoduodenectomy � Liver vascularization � Vascular

anomalies � Anatomy

Introduction

Vascular anomalies in the peripancreatic region include

variations of the superior mesenteric artery (SMA), the

celiac trunk (CT) or the hepatic artery (HA) [23]. In normal

anatomical pattern the liver blood supply involves the

common hepatic artery (CHA) arising from the celiac trunk

[3, 23]. The CHA gives origin to the proper hepatic artery,

which bifurcates into the right and left hepatic arteries

(RHA and LHA) [3]. Normal liver vascularization pattern

is reported in 50–80 % of cases [1, 9, 17, 23]. The most

common HA-replacement found in 13–26 % of cases, is

the right hepatic artery (RHA) branching from SMA [9, 11,

29]. Vascular complications form the main cause of mor-

bidity and mortality in patients undergoing pancreatic or

duodenal surgery [1, 11]. For that reason, the preoperative

information of the vascular system abnormality is par-

ticularly important when choosing the most adequate sur-

gical procedure or the radiological endovascular approach

[8, 10, 18, 25]. The HA abnormalities are of paramount

significance in patients scheduled to liver transplantation or

hepatic arterial infusion chemotherapy [4, 13]. The RRHA
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arising from the SMA emerges as its first branch; as it has a

close relationship with the head of the pancreas, running

behind or through it, and coursing posteriorly along the

common bile duct. These anatomical relations may result

in technical difficulties during pancreatoduodenectomy

(PD) and they may increase a potential risk of acute

haemorrhage or liver ischaemia [13].

The resection of the tumour is the treatment of choice for

liver cancer [7]; however, if hepatocellular cancer is identi-

fied as unresectable nonsurgical therapies are available, i.e.

local ablation, transcatheter arterial chemotherapy (TACE),

or combined therapy with TACE followed by radiofre-

quency thermal ablation [26]. As the vascular anatomy of the

liver is subjected to many variations, there is a necessity of

recognition concerning any modifications of the hepatic ar-

terial anatomy for successful diagnosis and for the choice of

optimal surgical or nonsurgical therapy.

Prior to surgical intervention, the radiological evaluation of

the operated area is initially performed using multi-detector

computed tomography angiography (MDCT angiography)

rather than conventional angiography [5, 22]. The preop-

erative MDCT angiography can provide the information re-

garding the vascular system and thus prepare the surgeon to

deal with possible intraoperative abbreviations [4].

The study outlines the anatomical details of the right

hepatic artery that takes its origin from the superior me-

senteric artery. To the best of our knowledge, this is the

first description to emphasize the variations existing in the

place where RRHA originates.

Materials and methods

Retrospective investigation of clinical data concerning

patients after abdominal MDCT in the Department of Ra-

diology; Clinical Hospital No. 4 in Lublin, Poland, that

were performed in 2012. The study consisted of 1569 pa-

tients (F:M = 829:740). The mean age of patients was

58.0 years (age range 16–96 years).

Abdominal multi-detector CT exams were performed

using a 64-row scanner (LightSpeed, GE), with 64 9 1.25

collimation, slice thickness of 1.25 mm, pitch 1.375:1, at

120 kV current and automatic mA adjustment. During

examination 80 ml of non-ionic iodinated contrast was

injected into the patients’ antecubital vein.

Next, the RRHA cases (n = 159) were selected from the

examined population. Afterwards, they were analysed us-

ing the volume rendering technique. For the more detailed

anatomical description of the RRHA origin, four precisely

defined parameters were measured:

• Parameter D: the distance between SMA origin from the

abdominal aorta and the place of RRHA origin (Fig. 1);

• Parameter L: the lumen of the RRHA at the place of

origin (Fig. 2);

• Parameter AH: the origin angle of RRHA from the

SMA in horizontal plane (Fig. 3);

• Parameter AV: the origin angle of RRHA from the

SMA in vertical plane (Fig. 4).

The course of the RRHA in relation to the pancreas was

analysed and three types of RRHA were distinguished as

described by Jah et al. [10]:

• Type I: RRHA posterolateral to the pancreatic head

(Fig. 5a)

• Type II: RRHA intrapancreatic (intraparenchymal)—

transversing pancreatic head (Fig. 5b)

• Type III: RRHA located within the superior mesenteric

vein (SMV) groove (Fig. 5c)

Fig. 1 Visualization and measurement method of the parameter D

Fig. 2 Visualization and measurement method of the parameter L
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Data were presented as mean ± standard deviation (SD)

together with minimum and maximum values. The coeffi-

cient of variation (CV %) indicating the extent of vari-

ability in relation to mean of the population was calculated

for the measured parameters. Differences between males

and females were analysed using the Mann–Whitney

U test. Differences of p less than 0.05 were considered to

be significant. Statistical analysis was performed using

SPSS Version 16.0 (SPSS, Inc., Chicago, IL, USA).

Results

Classical liver vascularization pattern was found in 1410 of

1569 patients (89.87 %). Replaced right hepatic artery

(RRHA) arising from the superior mesenteric artery (SMA)

was detected in 159 cases (10.13 %).

Each anatomical parameter of RRHA was subject to

variation in the studied population. However, the analysis

of coefficients of variation suggested that the parameters D

and L were more variable than the parameters AH and AL

(Table 1).

The RRHA arises from the SMA approximately

27.34 mm after its origin from the AA. The distance be-

tween SMA origin from the abdominal aorta and the place

of RRHA origin (parameter D) was significantly longer in

males in comparison to that of females (29.38 mm vs.

25.62 mm). The mean lumen of RRHA in the place of

origin (parameter L) was 3.29 mm and was significantly

wider in males than in females (3.56 mm vs. 3.07 mm).

The RRHA origin angle from the SMA in horizontal (pa-

rameter AH) and vertical plane (parameter AV) was 97.278
and 89.738, respectively.

Anatomical parameters of the RRHA origin compared

males and females (Table 2). The statistical differences

Fig. 3 Visualization and measurement method of the parameter AH

Fig. 4 Visualization and measurement method of the parameter AV

Fig. 5 Computed tomography presenting three types of the RRHA. a Type I RRHA posterolateral to the pancreatic head; b type II RRHA

intrapancreatic (intraparenchymal)—transversing pancreatic head; c type III RRHA located within superior mesenteric vein (SMV) groove
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between male and female groups were observed only for

values of D and L parameters. The values of both D and L

parameters were significantly higher in males compared to

that of females.

The distribution of the values of the anatomical pa-

rameters of the RRHA origin indicate the most frequent

values of the parameter D is between 20 and 30 mm (both

for females and males), and for the parameter L is\3 mm

for females and between 3 and 5 mm for males (Fig. 6).

Anatomical parameters of the RRHA were evaluated

according to the RRHA course in relation to the pancreas

(Table 3). Type I was most frequent and observed in 90 %

of cases. Types II and III were observed in 6 and 3 %,

respectively. There were no statistical differences between

the three types of RRHA and anatomical parameters as

well as in the RRHA type occurrence between males and

females.

Discussion

Vascular anatomy of the liver is subject to many variations

[21]. The present research of the homogeneous Polish

population revealed the occurrence of the right hepatic artery

(RRHA) branching from the superior mesenteric artery

(SMA) in 10.13 % of cases. The value between 8 and 21 %

was shown in previous reports [6, 9, 14, 17, 25], and in each

study the RRHA was defined as the most common vascular-

ization abnormality of the hepatic artery (HA). Frequency of

the hepatic arterial variations in the peripancreatic region

indicates the necessity of the preoperative assessment of the

RRHA anatomy. Despite the fact that abnormality often ap-

pears, the detailed measurements of anatomical parameters of

RRHA origin are not available in literature reports. Therefore,

we precisely defined parameters of RRHA anatomy. We re-

vealed the variability in the anatomy of RRHA and gender

impact on the two out of four parameters measured. Preop-

erative recognition of RRHA anatomy should help to avoid

unexpected complication during surgeries performed in the

pancreato-duodenal region and during surgical and endovas-

cular treatments of the liver.

RRHA usually passes lateral and behind the portal vein

and joins the structures of the portal triad when entering the

hepatoduodenal ligament posterolateral to the common bile

duct. At this point, palpation can be used in the epiploic

(Winslow) foramen [2].

The vascular anatomy of the operated region is highly

required during pancreatoduodenectomy (PD). Typically,

the kocherization of the duodenum and opening of the pars

flaccida of the lesser omentum is followed by the palpation

of the proper hepatic artery [29]. The additional pulsation

present in the left lateral border of the hepatoduodenal

ligament may be synonymous with the arterial abnormality.

In the case of the RRHA, the pulsation is possible behind

the pancreatic head or higher posteriorly to the portal vein

and the common bile duct [29]. However, the RRHA from

the SMA can course within or along the ventral side of the

pancreas. The RRHA passing through the pancreatic

parenchyma was reported in 50 %, whereas the other 50 %

runs behind the pancreas [16, 30]. In our study, in 90 % of

cases the RRHA courses posterolateral to the pancreatic

head. The RRHA coursing through the pancreatic

parenchyma was observed in 7 % of cases, while RRHA

located in the groove of the SMV was uncovered in 3 % of

cases. Additionally, the distance between SMA origin and

the place of RRHA origin longer than 40 mm occurred

with the lowest frequency, and results in close RRHA

Table 1 Mean values of anatomical parameters of the RRHA origin

from the SMA

n = 159 Min–max Mean ± SD CV (%)

Parameter D (mm) 5.40–48.60 27.34 ± 6.83 25.00

Parameter L (mm) 1.10–6.50 3.29 ± 1.17 35.56

Parameter AH (�) 24.50–156.40 97.27 ± 26.69 27.44

Parameter AV (�) 43.40–160.50 89.73 ± 20.81 23.19

SD standard deviation, CV coefficient of variation, D distance be-

tween SMA origin from the abdominal aorta and RRHA origin from

the SMA, L the RRHA lumen at the place of origin form the SMA,

AH the RRHA origin angle from the SMA in horizontal plane, AV the

RRHA origin angle from the SMA in vertical plane

Table 2 The gender

differences impact on the values

of anatomical parameters

measured in the origin of the

RRHA from the SMA

Females (n = 86) Males (n = 73)

Mean ± SD Min–max Mean ± SD Min–max

Parameter D (mm) 25.62 ± 6.58 5.40–43.60 29.38 ± 7.00 16.60–48.60

Parameter L (mm) 3.07 ± 1.09 1.20–6.50 3.56 ± 1.21 1.10–6.00

Parameter AH (�) 95.93 ± 29.43 24.50–156.40 98.85 ± 23.15 40.50–148.20

Parameter AV (�) 90.44 ± 20.47 47.90–138.80 88.89 ± 21.32 43.40–160.50

SD standard deviation, CV coefficient of variation, D distance between SMA origin from the abdominal

aorta and RRHA origin from the SMA, L the RRHA lumen at the place of origin form the SMA, AH the

RRHA origin angle from the SMA in horizontal plane, AV the RRHA origin angle from the SMA in vertical

plane
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course to the pancreas. Such topography develops aware-

ness of arterial injuries during intervention in the peri-

pancreatic region. However, when the recognition is

possible a complication can be avoided.

The evaluation of the RRHA anatomy is also important

during liver transplantation, the therapy has progressively

increased in numbers over the last decade [15]. Frequency

of arterial hepatic variations is reported at the level of 15 %

of donor livers [9, 13]. In the living donor liver trans-

plantation (LDLT), injuries to the RRHA may lead to a

reduction in the functional volume of the right hepatic lobe

and can also result in the decrease of the blood supply in

both right lobe and the gallbladder. Complications associ-

ated with the RRHA injuries can be severe and may include

insufficient hepatic volume, ischaemic cholangiopathy or

hepatic artery thrombosis [27].

Moreover, vascular anomalies are reported to increase

the rate of morbidity and mortality during PD, as they

adversely affect the outcomes of patients [31]. Addition-

ally, vascular abnormalities are associated with an in-

creased risk of disease recurrence, especially when the

RRHA injury resulted from radical LN dissection [28].

Kim et al. reported poor outcomes of patients with the

RRHA describing an accidental portal vein injury and

Fig. 6 The share of female and

male groups in given intervals

of anatomical parameters of the

origin of the RRHA from the

SMA (n = 159). Asterisk

statistically significant

differences between males and

females in the particular

intervals in Mann–Whitney

U test, p\ 0.05. D distance

between SMA origin from the

abdominal aorta and RRHA

origin from the SMA, L the

RRHA lumen at the place of

origin form the SMA, AH the

RRHA origin angle from the

SMA in horizontal plane, AV

the RRHA origin angle from the

SMA in vertical plane

Table 3 Mean values of

anatomical parameters of three

types of the RRHA course in

relation to the pancreas

M:F Parameter D (mm) Parameter L (mm) Parameter AH (�) Parameter AV (�)
Mean ± SD

(min–max)

Mean ± SD

(min–max)

mean ± SD

(min–max)

mean ± SD

(min–max)

Type I 66:77 27.69 ± 6.84

5.40–48.60

3.29 ± 1.16

1.10–6.00

98.37 ± 25.97

24.50–156.50

89.47 ± 21.18

43.40–160.50

Type II 5:6 24.18 ± 5.81

16.30–32.30

3.29 ± 1.45

1.40–6.50

91.46 ± 33.06

43.30–146.20

94.42 ± 19.93

64.40–122.90

Type III 2:3 24.56 ± 7.38

13.60–33.20

3.40 ± 1.16

2.50–5.40

78.68 ± 30.00

31.80–115.20

86.88 ± 11.18

72.30–102.90

M:F males:females, SD standard deviation, D distance between SMA origin from the abdominal aorta and

RRHA origin from the SMA, L the RRHA lumen at the place of origin form the SMA, AH the RRHA origin

angle from the SMA in horizontal plane, AV the RRHA origin angle from the SMA in vertical plane, type I

RRHA posterolateral to the pancreatic head, type II RRHA intrapancreatic (intraparenchymal)—

transversing pancreatic head, type III RRHA located within SMV groove
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transection of the RRHA [12]. Furthermore, numerous

evidences suggest that complications pertained to the liver

or the bile duct developed during the RRHA injury have

serious consequences, e.g. may induce a leakage in the

bilioenteric anastomosis [2, 24].

It is crucial to define the model of hepatic arteries for

surgeons, as well as for diagnostic and interventional ra-

diologists. The pattern of hepatic arteries is significant in

the treatment of hepatocellular cancers identified at the

initial stage as the cancer does not yet qualify for the

transplant waiting list [26]. If the transplantation is not

possible the transarterial therapy with the transcatheter

arterial chemoembolization or transarterial radioactive

iodine with lipiodol as the most commonly used technique

is one of the treatment options [20].

In this study, the origin angle of RRHA from the SMA

in vertical plane lower than 90� was observed with fre-

quency of 36.5 %. In this group of patients, the acute angle

makes the accessibility to the RRHA very difficult.

Therefore, additional evaluation of the distance between

SMA origin and RRHA origin may help to recognize

where the RRHA origin from the SMA can be expected.

Preoperative recognition of abdominal vascular archi-

tecture in the peripancreatic region provides valuable in-

formation that can help to choose the most appropriate

strategy during surgery. Commonly performed radiological

examinations include CT angiography or MDCT and

MRCA, as a routine preoperative examination in case of

potential radical resection for pancreatic cancers [19].

Additionally, MDCT is proposed as a satisfactory ex-

amination for detection of hepatic arteries patterns [14].

Conclusion

The report revealed that the anatomy of origin of RRHA,

the most common anomaly of the hepatic arteries, is sub-

ject to considerable variations. The findings are relevant for

radiologists responsible for providing accurate anatomical

information and for surgeons involved in the treatment of

pathologies in the upper abdomen. It was shown that pre-

operative MDCT routinely performed could successfully

be used to detect and evaluate the RRHA.
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8. Gümüs H, Bükte Y, Ozdemir E, Sentürk S, Tekbas G, Onder H,

Ekici F, Bilici A (2013) Variations of the celiac trunk and hepatic

arteries: a study with 64-detector computed tomographic an-

giography. Eur Rev Med Pharmacol Sci 17:1636–1641

9. Hiatt JR, Gabbay J, Busuttil RW (1994) Surgical anatomy of the

hepatic arteries in 1000 cases. Ann Surg 220:50–52

10. Jah A, Jamieson N, Huguet E, Praseedom R (2009) The impli-

cations of the presence of an aberrant right hepatic artery in

patients undergoing a pancreaticoduodenectomy. Surg Today

39:669–674

11. Kadir S, Lundell C, Saeed M (1991) Coeliac, superior and infe-

rior mesenteric arteries. In: Kadir S (ed) Atlas of normal and

variant anatomy. Saunders, Philadelphia, pp 365–385

12. Kim AW, McCarthy WJ, Maxhimer JB, Quiros RM, Hollinger EF,

Doolas A, Millikan KW, Deziel DJ, Godellas CV, Prinz RA (2002)

Vascular complications associated with pancreaticoduodenectomy

adversely affect clinical outcome. Surgery 132:738–744

13. Koops A, Wojciechowski B, Broering DC, Adam G, Krupski-

Berdien G (2004) Anatomic variations of the hepatic arteries in

604 selective celiac and superior mesenteric angiographies. Surg

Radiol Anat 26:239–244

14. Lee JM, Lee YJ, Kim CW, Moon KM, Kim MW (2009) Clinical

implications of an aberrant right hepatic artery in patients un-

dergoing pancreaticoduodenectomy. World J Surg 33:1727–1732

15. Menon KV, Hakeem AR, Heaton ND (2014) Review article: liver

transplantation for hepatocellular carcinoma—a critical appraisal

of the current worldwide listing criteria. Aliment Pharmacol

Ther. doi:10.1111/apt.12922 [Epub ahead of print] (Aug 26)
16. Michels NA (1955) Blood supply and anatomy of the upper ab-

dominal organs with a descriptive atlas. JB Lippincott,

Philadelphia

17. Michels NA (1966) Newer anatomy of the liver and its variant

blood supply and collateral circulation. Am J Surg 112:337–347

18. Munshi IA, Fusco D, Tashjian D, Kirkwood JR, Polga J, Wait RB

(2000) Occlusion of an aberrant right hepatic artery, originating

from the superior mesenteric artery, secondary to blunt trauma.

J Trauma 48:325–326

1230 Surg Radiol Anat (2015) 37:1225–1231

123

http://dx.doi.org/10.1111/apt.12922


19. Rong GH, Sindelar WF (1987) Aberrant peripancreatic arterial

anatomy. Considerations in performing pancreatectomy for ma-

lignant neoplasms. Am Surg 53:726–729

20. Rougier P, Mitry E, Barbare JC, Taieb J (2007) Hepatocellular

carcinoma (HCC): an update. Semin Oncol 34(2 Suppl 1):S12–

S20

21. Saba L, Mallarini G (2011) Anatomic variations of arterial liver

vascularization: an analysis by using MDCTA. Surg Radiol Anat

33(7):559–568. doi:10.1007/s00276-011-0778-x

22. Stefling MK, Lawrence JA, Weintraub JL, Raptopoulos V (1994)

CT angiography: expanded clinical applications. AJR Am J

Roentgenol 163:947–955
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