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Multidetector Computed Tomographic
Angiography in the Assessment of the
Hepatic Artery Variations

Hepatik Arter Varyasyonlarinin
Degerlendirilmesinde Cok Kesitli
Bilgisayarli Tomografik Anjiyografi
Aysel TURKVATAN’ MD,? ABSTRACT Objective: The aim of this study is to assess the prevalence of hepatic artery variations
Ahmet AKGUL. MD.b seen during multidetector computed tomographic (MDCT) angiography. Material and Methods:

Sarper OKTEN. MD.2 The images of 700 consecutive patients who underwent hepatic artery angiography as a part of trip-
arpe ’ ’ hasic MDCT examination of the abdomen were retrospectively reviewed. The hepatic arterial ana-

Ozlem YENER, MD’a tomy was evaluated and analyzed for the presence of anatomic variants; classified according to a
Mustafa OZDEMIR, MD,? system created by Michels by noting the origins of the right and left hepatic arteries, and the pres-
Tilay OLQER, MD,? ence of any accessory hepatic arteries. Results: Five hundred forty-eight (78.3%) cases had normal
Turhan CUMHUR, MD? hepatic arterial anatomy (type 1) and 152 (21.7%) cases had variant anatomy. The most frequent va-

riant (7.3%) was a replaced left hepatic artery from the left gastric artery (type 2) and the second
most frequent variant (5.1%) was a replaced right hepatic artery from the superior mesenteric ar-
tery (type 3). Accessory left and right hepatic arteries (type 5 and 6) were identified in 2% and 2.1%
of cases, respectively. The Michels’ classification was not applicable in 8 (1.1%) cases. Conclusion:
Due to the increasing availability of living liver transplant donors and the advent of interventional
and new surgical techniques to treat primary and metastatic liver disease, the accurate definition
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of the hepatic arterial anatomy is important. MDCT angiography provides high quality 3D recons-
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TURKIYE/TURKEY OZET Amag: Bu caligmanin amaci ¢ok kesitli bilgisayarli tomografik (GKBT) anjiyografi sirasinda

aturkvatan @yahoo.com goriilen hepatik arter varyasyonlarinin prevalansim degerlendirmektir. Gereg ve Yontemler: Ab-
dominal trifazik CKBT incelemesinin bir pargasi olarak hepatik arter anjiyografisi gegiren ardisik
700 hastanin goriintiileri retrospektif olarak tekrar gozden gecirildi. Hepatik arteriyel anatomi, sag
ve sol hepatik arterlerin orijinleri ve aksesuar hepatik arterlerin varhigini dikkate alarak Michels ta-
rafindan olusturulan bir sisteme goére siniflandirilarak, anatomik varyantlarin varligi agisindan de-
gerlendirildi ve analiz edildi. Bulgular: Bes yiiz kirk sekiz (%78.3) olgu normal hepatik arteriyel
anatomiye (tip 1), 152 (%21.7) olgu varyant antomiye sahipti. En sik gériilen varyant sol gastrik ar-
terden koken alan sol hepatik arter (tip 2), ikinci sik varyant ise superior mezenterik arterden ko-
ken alan sag hepatik arterdi (tip 3). Aksesuar sol ve sag hepatik arterler (tip 5 ve 6) sirasiyla olgularin
%2 ve %2.1’inde tespit edildi. Michels siniflandirmas: 8 (%1.1) olguda uygulanabilir degildi. So-
nug: Canli karaciger transplantasyon vericilerinin gittikge artan kullanilirligi ve primer ve metas-
tatik karaciger tiimoérlerini tedavi etmek igin girisimsel ve yeni cerrahi tekniklerin ortaya gikmasi
nedeni ile hepatik arteriyel anatominin dogru olarak belirlenmesi 6nemlidir. CKBT anjiyografi,
yiiksek kaliteli ti¢ boyutlu rekonstriiksiyon goriintiileri saglar ve hepatik arterin normal anatomi ve
varyantlarinin noninvaziv olarak degerlendirilmesine olanak verir.

Anahtar Kelimeler: Hepatik arter; bilgisayarl tomografi; anjiyografi.
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nowledge of the variation of the hepatic
B vasculature is important in liver surgery es-
pecially in liver transplantation. Living re-
lated liver transplantation, a safe and efficacious
treatment for end-stage liver disease, is becoming
increasingly frequent because of the lack of compa-
tible cadaveric donors.! This procedure allows he-
althy adults to donate a portion of their liver to a
compatible recipient.? However, living related li-
ver transplantation is technically more challenging
than cadaveric whole liver transplantation, since
donor liver resection must be performed in a way
that results in a well vascularized graft without da-
mage to the remaining liver of the donor. The com-
plexity of the hepatic vascular anatomy contributes
to the difficulty of surgical resection and the pres-
ence of variants could change the surgical appro-
ach, thus, an exact depiction of vascular anatomy
of the donor liver before surgery is crucial.® In ad-
dition, aberrant hepatic arteries can be of major sig-
nificance during the surgery of the gallbladder, the
upper intestinal tract and pancreas and in hepatic
arterial infusion chemotherapy via catheter for tre-
atment of unresectable advanced hepatic tumors.*
7 Conventional catheter angiography represents the
gold standard of vascular imaging. Even though
usually considered safe, it may be associated with
complications that result from its invasive nature,
with a complication rate of up to 1%.% The intro-
duction of MDCT has greatly improved the role of
computed tomography (CT). in vascular studies.
MDCT scanners have provided shorter image ac-
quisition times, narrower collimation, improved
temporal and spatial resolution, decreased motion
and partial volume artifacts and near isotropic da-
ta acquisition compared with single-detector spiral
CT. MDCT scanners are particularly useful for an-
giographic applications because they provide lar-
ger anatomic coverage, increased contrast
enhancement of the arteries, and higher longitudi-
nal spatial resolution.”!® Several authors have re-
ported that MDCT angiography was valuable in
delineating hepatic vascular anatomy. Reported ac-
curacy of MDCT angiography was 97-98% compa-
red with conventional angiography for detecting

hepatic arterial variants.!!:2
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The purpose of this study was to assess and de-
scribe the prevalence of the variations in hepatic
arteries seen with MDCT angiography in a large se-
ries of patients.

I MATERIAL AND METHODS
PATIENTS

From June 2008 to November 2008, the hepatic ar-
terial anatomy of the 722 consecutive patients who
underwent hepatic artery angiography as part of
triphasic MDCT examination of the abdomen in
our department was retrospectively reviewed.
Twenty-two patients were excluded from the study
due to the presence of pathological conditions li-
kely to affect normal vascular anatomy (n= 8) and
severe artefact from respiratory motion (n=14). All
of the other 700 patients, in whom the MDCT an-
giographic procedure was technically adequate and
provided necessary data with optimum arterial
opacification, were included in this study. There
were 407 (58%) male patients and 293 (42%) fema-
le patients. The mean age of the patients was 56.7
years (range 28 to 90).

Informed consent was obtained from all pati-
ents before they underwent MDCT examination,
according to a protocol approved by the institutio-
nal review board. However, approval and informed
consent were not required for retrospective review
of patient images.

MDCT SCANNING TECHNIQUE

All MDCT examinations were performed by using
a 16-slice MDCT scanner (GE Lightspeed Ultra,
General Electrical Medical Systems, Milwaukee,
Wisc.; USA). Patients were examined while supine
and all images were acquired during a single bre-
athhold, extending from the diaphragm to the lo-
wer pole of the right kidney for hepatic arterial
phase of the triphasic abdominal MDCT. Imaging
parameters were as follows: tube voltage, 120 kV;
tube current, 120-240 mA, collimation, 16 x 1.25
mm; slice thickness, 1.25 mm; increment 0.6 mm;
table feed 11.2 mm/sec; and gantry rotation time,
0.5 sec. The imaging data was acquired during an
intravenous injection of 120 mL of iodinated con-
trast agent (Iodixanol, Visipaque 320 mgl/mL, GE
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Healthcare, Milwaukee, Wisc.; USA) at a rate of 4
ml/sec. The scanning delay is determined with a
bolus tracking technique. The examination was ini-
tiated 5 seconds after the attenuation of region of
interest positioned in the aorta at the level of the
celiac trunk reached 100 HU. For two-dimensional
(2D) and three-dimensional (3D) image recons-
truction, the raw CT data were processed on a sep-
arate workstation (Advanced Workstation 4.2, GE
Healthcare, Milwaukee, Wisc.; USA).

IMAGE ANALYSIS

The study was regarded as diagnostic when the vas-
cular structures were sufficiently contrast enhan-
ced to allow reliable determination or exclusion of
anatomic variants. Analysis of the image data was
based on axial images and 2D and 3D postproces-
sing images (multiplanar reformatting, maximum
intensity projection and volume rendering). Inter-
pretations of all images were performed retrospec-
tively by two radiologists and discrepancies were
resolved by consensus. The hepatic arterial ana-
tomy was evaluated and analyzed for the presence
of anatomic variants, classified according to a sys-
tem created by Michels by noting the origins of the
right and left hepatic arteries and the presence of
any accessory hepatic arteries (Table 1).13
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I RESULTS

According to the classification by Michels images
in 548 (78.3%) cases revealed normal anatomy
(type 1), with both lobes supplied by single arteri-
es originating from the celiac trunk via the com-
mon and proper hepatic artery (Figure 1). In 152
(21.7%) cases, images revealed variants of the he-
patic arterial supply. The most common hepatic
artery variant in our series was a replaced left he-
patic artery from the left gastric artery (type 2: n=
51, 7.3%), (Figure 2). The other variants were a re-
placed right hepatic artery from the superior me-
senteric artery (type 3; n= 36, 5.1%), coexistence of
a replaced left hepatic artery from the left gastric
artery and a replaced right hepatic artery from the
superior mesenteric artery (type 4; n= 11, 1.6%),
an accessory left hepatic artery arising from left
gastric artery (type 5; n= 14, 2%), an accessory
right hepatic artery arising from the superior me-
senteric artery (type 6; n= 15, 2.1%), coexistence of
an accessory left hepatic artery arising from left
gastric artery, and an accessory right hepatic ar-
tery arising from the SMA (type 7; n=4, 0.6%) and
a common hepatic artery arising from the superi-
or mesenteric artery (type 9; n= 13, 1.9%), (Figu-
res 3, 4, 5). No patients had type 8 and 10 anatomy.

TABLE 1: Variability of the hepatic arteries according to the Michels’ classification compared to our study.

Anatomic

Variation Description

Type 1 Normal

Type 2 Replaced LHA from LGA

Type 3 Replaced RHA from SMA

Type 4 Replaced LHA+ Replaced RHA
Type 5 Accessory LHA

Type 6 Accessory RHA

Type 7 Accessory LHA + Accessory RHA
Type 8 Combinations of Replaced + Accessory hepatic arteries
Type 9 CHA from SMA

Type 10 CHA from LGA

Others

No. of cases in Michels’ study No. of cases in current study

(n=200) (n=700)
55% (110) 78.3% (548)
10% (20) 7.3% (51)
11% (22) 5.1% (36)
1% (2) 1.6% (1)
8% (16) 2.0% (14)
7% (14) 2.1% (15)
1% (2) 0.6% (4)

2% (4) 0
4.5% (9) 1.9% (13)
0.5% (1) 0

0 1.1% (8)

LHA: Left hepatic artery, LGA: Left gastric artery, RHA: Right hepatic artery, SMA: Superior mesenteric artery, CHA: Common hepatic artery.
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FIGURE 1: Coronal maximum intensity projection image shows classic (Mic-
hels type 1) hepatic arterial anatomy (1: celiac axis, 2: common hepatic ar-
tery, 3: splenic artery, 4: left gastric artery, 5: proper hepatic artery, 6:
gastroduodenal artery, 7: left hepatic artery, 8: right hepatic artery, 9: supe-
rior mesenteric artery).

The Michels’ classification system was not appli-
cable in 8 (1.1%) cases of our study population.
They were a common hepatic artery originating
from the aorta (n= 4, 0.6%), the right hepatic ar-
tery originating from the celiac axis (n= 2, 0.3%),
the right hepatic artery originating from the aorta
(n=1, 0.1%) and the left hepatic artery originating

HEPATIK ARTER VARYASYONLARININ DEGERLENDIRILMESINDE GOK KESITLI BILGISAYARLI...

from the celiac axis (n=1, 0.1%) (Figure 6). Table
1 summarizes the our results of MDCT analysis of
the hepatic arterial system according to the Mic-
hels’ classification system.

I DISCUSSION

The variations of the hepatic arterial anatomy has
been widely described in the literature. Michels’
classic autopsy series of 200 dissections, published
in 1966, defined the basic anatomic variations in
hepatic arterial supply and has served as the benc-
hmark for all subsequent contributions in this
area.'® Michels described 10 types of configuration
for the hepatic artery, including normal anatomy
in type 1 and gathering all the other variants in
types 2 to 10. The term ‘replaced’ was used by Mic-
hels to refer to cases in which the entire blood sup-
ply to a side of the liver originates from an atypical
location and the term ‘accessory’ was used to refer
to cases in which a blood supply in addition to the
normal arterial supply.!® Due to the difficulties in
angiographic differentiation between replaced and
accessory hepatic arteries, Michels’s classification
was modified and simplified by Hiatt in 1994.'* Hi-
att distinguishes only six categories of configurati-
on for the hepatic arterial anatomy: the normal
anatomy (type 1), the replaced or accessory left he-

FIGURE 2: Coronal volume rendering (A) and maximum intensity projection (B) images show replaced left hepatic artery originating from the left gastric artery
(Michels type 2). (1: celiac axis, 2: common hepatic artery, 3: splenic artery, 4: left gastric artery, 5: right hepatic artery, 6: gastroduodenal artery, 7: replaced left
hepatic artery, 8: superior mesenteric artery).
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FIGURE 3: Coronal maximum intensity projection (A) and volume rendering (B) images show replaced right hepatic artery originating from the superior mesen-
teric artery (Michels type 3). (1: celiac axis, 2: common hepatic artery, 3: splenic artery, 4: left gastric artery, 5: left hepatic artery, 6: gastroduodenal artery, 7:

superior mesenteric artery, 8: replaced right hepatic artery).

patic artery arising from the left gastric artery (type
2), the replaced or accessory right hepatic artery
originating from the superior mesenteric artery
(type 3), every combination of double replaced pat-
tern (type 4), the common hepatic artery arising
from the superior mesenteric artery (type 5) and
the common hepatic artery arising directly from
the aorta (type 6)."

Even though it is an anatomical classification
having less relevance in today’s modern surgical
practice than in the past, we referred to Michels’
classification to describe hepatic artery variants sin-
ce it is the most commonly used one.

In normal hepatic arterial anatomy, the celiac
trunk arises from the abdominal aorta and splits in-
to three branches. The first branch is the left gas-
tric artery, after which the vessel divides into the
splenic artery and the common hepatic artery. The
common hepatic artery then bifurcates into the
gastroduodenal artery and the proper hepatic ar-
tery, and the proper hepatic artery bifurcates into
the right hepatic artery and the left hepatic artery.
The normal hepatic arterial anatomy was reported
in 55% of patients by Michels."”®> However, most of
angiographic studies showed a higher rate of nor-
mal hepatic anatomy.'>*! Koops et al and Arjhansi-
ri et al reported that the prevalence of normal
hepatic anatomy was 79.1% and 80.5%, respecti-
vely.??! Like these studies, our MDCT angiography

Turkiye Klinikleri ] Cardiovasc Sci 2009;21(2)

FIGURE 4: Coronal volume rendering image shows both replaced left hepa-
tic artery originating from the left gastric artery and replaced right hepatic ar-
tery originating from the superior mesenteric artery (Michels type 4). (1: celiac
axis, 2: common hepatic artery, 3: splenic artery, 4: left gastric artery, 5: re-
placed left hepatic artery, 6: middle hepatic artery, 7: gastroduodenal artery,
8: superior mesenteric artery, 9: replaced right hepatic artery).

study showed a higher rate (78.3%) of normal he-
patic artery anatomy. According to the Michels’
classification, the most common (11%) hepatic ar-
terial variant is a replaced right hepatic artery ori-
ginating from the superior mesenteric artery (type
3) and the second most common (10%) variant is a
replaced left hepatic artery originating from the left
gastric artery (type 2)."* Although most of conven-
tional and MDCT angiographic studies showed that
the most common variant is type 3, in our study we
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FIGURE 5: Coronal volume rendering image shows the common hepatic ar-
tery arising from the superior mesenteric artery (Michels type 9). (1: splenic
artery, 2: left gastric artery, 3: superior mesenteric artery, 4: common hepa-
tic artery, 5: proper hepatic artery, 6: gastroduodenal artery, 7: right hepatic
artery, 8: left hepatic artery).

FIGURE 6: Coronal volume rendering image shows right hepatic artery ori-
ginating from the celiac axis (double hepatic artery). (1: celiac axis, 2: com-
mon hepatic artery, 3: splenic artery, 4: left gastric artery, 5: left hepatic artery,
6: gastroduodenal artery, 7: right hepatic artery, 8: superior mesenteric ar-

tery).

found that the most common variant (7.3%) is type
2 and the second most common (5.1%) variant is
type 3.1¢17192 Similar to our study results, Suzuki et
al and Chen et al reported the frequency of type 2
variants as 8% and 7.8% respectively, and the fre-
quency of type 3 variant as 3.5% and 5.2% respec-
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tively.’>!® Recognition of a replaced right hepatic
artery is important when performing pancreatico-
duodenectomy and for porta hepatis dissection du-
ring hepatic resection. Thereby, if a head or
uncinate process pancreatic cancer involves this
vessel, it precludes the patient from surgical resec-
tion.® Also, it is important to identify a replaced left
hepatic artery, prior to the left hepatectomy since
this vessel must be ligated; the recognition of this
variant facilitates portal dissection because the ma-
jor arterial branch to the left lobe of the liver does
not need to be found in the porta hepatis.>®

In our study, the accessory left and right hepa-
tic arteries (Michels type 5 and 6) were identified
respectively in 2% and 2.1% of the patients. This
result is lower than that reported by Michels, but in
concordance to the most angiographic studi-
es.613161820 There was a general variability in the
number of detected accessory hepatic arteries, with
lower rates of these anatomic patterns in the recent
angiographic studies. We considered that this dif-
ference is due to the small size of these accessory
branches, causing lower detectability by angiog-
raphy. The difficulty in imaging associated with the
subdivision into accessory or replaced aberrant he-
patic arteries may lead the accessory arteries to be
missed in angiography generally. In establishing
the extent of probable ischemic complications rela-
ted to the loss of hepatic arteries it is essential to
know whether an aberrant artery can be conside-
red as replaced or an accessory. However, embryo-
logic and postmortem studies have shown that
even accessory arteries supply a specific territory
of the liver, suggesting that these arteries should be
considered as replacing arteries as well.?#%

No cases of Michels type 8 and 10 variants we-
re found in our study, whereas the literature re-
ports a mean prevalence of 0.4 + 0.7% and 0.1 +
0.2%, respectively.” The prevalences of the rare
anomalies not classified by Michels ranged from
1% to 14.7% in angiographic studies.”>?! The Mic-
hels’ classification system was not applicable in 8
(1.1%) cases of our study population. The common
hepatic artery arising directly from the aorta (Hiatt
type 6) was seen in 0.6% of the patients in our
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study. A ‘double hepatic artery’ as described by Fa-
sel et al refers to a right or left hepatic artery origi-
nating from the celiac trunk or the aorta.?® This
variant was seen in 0.5% of patients in our study
population, a result similar to that reported by Ko-
ops et al as seen in digital substraction angiog-
raphy.”?

In 1969, Redman and Reuter reported that
most of the variations of the hepatic artery have a
little surgical significance.”” However, today, the
exact depiction and definition of the hepatic arte-
rial variants are important due to the increasing
availability of living related liver transplant donors
and the advent of interventional and new surgical
techniques to treat both primary and metastatic li-
ver disease. It is also essential that interventional
radiologists who perform hepatic arterial emboli-
zation be familiar with both common and rare he-
patic arterial variants, since failure to recognize the
presence of an aberrant vessel can cause incomple-
te embolization.

Conventional catheter angiography has tradi-
tionally been used for the evaluation of vascular ar-
chitecture, though recently MDCT angiography
has been emerged as a noninvasive alternative.*!
MDCT offers the latest advancements in CT tech-
nology by combining multiple rows of detectors
and faster gantry rotation speeeds. MDCT techno-
logy has further improved the capability of spiral
CT to provide precise and high definition vascular
details noninvasively. The rapid scanning capabi-
lity of MDCT allows optimal phase scanning in a
short breath-hold, which is within the time of dy-
namic administration of a single bolus of contrast
material. The advantages of increased z-axis cove-
rage and thinner slice acquisition during the shor-
ter scanning time have resulted in improved spatial
resolution and better depiction of vascular deta-
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ils.*1° Chambers et al showed the ability of helical
CT without reconstructions to correctly depict he-
patic arterial anatomy, with 96% sensitivity and
87% specificity for detecting aberrant hepatic ar-
teries.”® However, 2D and 3D images provide bet-
ter definition and better display of the anatomy and
course of the vessels, which resembles traditional
arteriograms and provides the surgeon with a 3D
model of the patient’s arterial anatomy.?>*% Volu-
me rendering and maximum intensity projection
techniques are optimal choices in situations when
the vessels are tortuous. Maximum intensity pro-
jection images are more useful especially for the
evaluation of smaller branch vessels and it is wi-
dely used in the assessment of the hepatic vascula-
ture.’® In the study by Byun et al the maximum
intensity projection technique was found to be su-
perior to volume rendering technique for hepatic
arterial assessment in terms of depicting anatomic
variations and of postprocessing time in MDCT an-
giography.®!

A limitation of this study is that we do not ha-
ve conventional angiographic or surgical confir-
mation of the accuracy of the MDCT findings.
However, the overall prevalence of hepatic arteri-
al variants in our study is in concordant with that
described in the conventional catheter angiography
literature.

I CONCLUSION

Due to the increasing availability of living related
liver transplant donors and the advent of interven-
tional and new surgical techniques to treat both
primary and metastatic liver diseases, the exact de-
piction of the hepatic arterial anatomy is impor-
tant. MDCT enables high quality 3D reconstructed
images and allows noninvasive evaluation of nor-
mal anatomy and variants of hepatic artery.
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