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INTRODUCTION:  Various  transarterial  embolotherapies  for different  hepatic  etiologies  are  performed
through  the  celiac  axis (CA).  However,  this  pathway  is not  always  patent  due  to  the  extensive  stenosis  or
occlusion  of  the  origin  of CA.  In such  situations,  the  pancreaticoduodenal  arcades  (PDAs)  catheterization
is  the  main  alternative  to gain  access  to the  hepatic  arteries  as demonstrated  in clinical  studies.
PRESENTATION  OF  CASE:  We  report  two  cases  of  life-threating  hepatic  hemorrhage  indicated  for  emer-
gency  transarterial  embolization  (TAE).
DISCUSSION:  The  massive  hemorrhage  was  due  to spontaneous  rupture  of  hepatocellular  carcinoma  (HCC)
in  the  first  case  and  due  to  post liver  blunt  trauma  in  the  second  case.  Owing  to  severe  stenosis  of the
anagement origin  of  CA,  PDAs  were  used  as a salvage  alternative  route  for  emergency  TAE  of hepatic  arteries.
CONCLUSION:  Endovascular  management  of massive  hepatic  hemorrhage  in  cases  of inaccessibility  to
hepatic  arteries  through  CA is  a highly  challenging  situation  in which  the  technical  success  depends  on
the  operator  experience,  choice  of the  material  and  anatomical  knowledge  of  hepatic  arterial  collateral
supply.

© 2018  The  Authors.  Published  by  Elsevier  Ltd  on  behalf  of  IJS Publishing  Group  Ltd.  This is  an  open
he  CC
access  article  under  t

. Introduction

Transarterial hepatic interventions through celiac axis (CA)
re very common nowadays for many liver treatments including
mbolization for hemorrhage, chemoembolization, radioemboliza-
ion and hepatic arterial infusion chemotherapy. However, the
irect catheterization of the hepatic arteries through CA is not
lways possible due to the extensive stenosis or occlusion of the
A [1]. Atherosclerosis, pancreatitis, tumor invasion, CA agenesis,

atrogenic arterial trauma due to catheterization or surgery and
ompressive median arcuate ligament (cMAL) are all suggested
s causes of CA stenosis or occlusion [2,3]. In such situations,
DAs catheterization via the superior mesenteric artery (SMA) are

he main alternative options to get access to the liver arteries
4]. Here we present 2 cases of life-threatening hepatic hemor-
hage indicated for emergency TAE. In both cases, the cause of the
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CA occlusion was confirmed to be cMAL by performing contrast-
enhanced CT (CECT) and TAE of the hepatic arteries was successfully
performed by choosing PADs route.

2. Presentation of cases

2.1. Case 1

A 46-year-old male known to have Hepatocellular carci-
noma (HCC) presented to the emergency at our institute with
hemoperitoneum and early signs of hypovolemic shock. The patient
underwent urgent ultrasound screening, which demonstrated exo-
phytic right lobe focal hepatic lesion associated with hyperechoic
free perihepatic fluid raising the possibility of spontaneous rupture
of the tumor with active hemorrhage. Contrast-enhanced CT scan
revealed an extravasation of contrast in the arterial phase from the

HCC and interruption of the capsule surrounding the lesion con-
firming the diagnosis of spontaneous rupture (Fig. 1a). The same CT
demonstrated non-calcified, short localized stenosis with a charac-
teristic superior hook shape sign at the origin of CA suggesting cMAL

roup Ltd. This is an open access article under the CC BY-NC-ND license (http://
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Fig 1. Multiplanar reformatted images of abdominal CECT: (a) The coronal plan
showing ruptured subcapsular HCC (Arrow) and hemoperitoneum (arrowhead). (b)
s
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Fig. 2. (a) Selective SMA  angiogram demonstrating retrograde opacification of the
liver arteries through PDA (white arrow) (b) Selective catheterization of the right
hepatic artery through the PDA showing hypervascular HCC lesion (white arrow) (c)
Post-embolisation angiogram demonstrating succesful occlusion of the right hepatic
agittal plan showing tight stenosis at the origin of CA (arrow) due to cMAL.

Fig. 1b). The patient was then referred to the angio-suite for an
rgent TAE. The SMA  angiogram showed retrograde opacification
f the hepatic arteries through PDAs confirming the severe steno-
is of CA origin (Fig. 2a). Despite several attempts to cross the CA
tenosis, the direct catheterization of the liver arteries remained
nsuccessful. PDAs were then selectively catheterized using 2.7F
icrocatheter and the angiogram showed hypervascular HCC in the
ight liver lobe (Fig. 2b). The same microcatheter was  used to per-
orm selective TAE of the right hepatic artery using gelatin sponge

artery.
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Fig. 3. Selective SMA  angiogram demonstrating: (a) retrograde opacification of hepatic arteries showing irregular and small sized PDA (white arrowhead). (b) Selective
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athterization of PDA using microcatheter complicated by arterial dissection and lim
epatic  artery (white arrowhead). Selective right hepatic angiogram demonstrating
white arrow). (d) Post embolisation angiogram showing stagnation of forward con

Fig. 2c). The follow-up demonstrated improvement in patient’s
onditions.

.2. Case 2

A 45-year-old female presented to the emergency, with hypov-
lemic shock signs, after having a car crash trauma inducing active
epatic hemorrhage. The focused assessment by sonography for
rauma Focused assessment with sonography for trauma (FAST)
as performed in emergency department and revealed liver injury
ith perihepatic free fluid confirming hepatic active hemorrhage.
wing to the hemodynamically unstable conditions of the patient,

he was referred emergently to the operating room for exploratory
aparotomy where a massive hemoperitoneum and a grade 4 liver
njury of the right liver lobe were found. The bleeder artery could
ot be detected during the surgery; therefore an initial hemostasis
as achieved by perihepatic packing. Few hours later, the patient

ollapsed again and referred immediately to angio-suite for TAE.

epatic angiogram was done and showed occlusion of the origin of

he CA. The angiogram of SMA  was then performed and demon-
trated retrograde opacification of the hepatic arteries through
DAs (Fig. 3a). A selective catheterization of the proper hepatic
xtravasation (white arrow). (c) The tip of microcatheter is now at the level of right
sive contrast extravasation rising from the distal branches of the right liver artery
ow with absence of contrast extravasation denoting successful embolisation.

artery was then successfully obtained using 2.7F microcatheter
and the angiogram showed extravasation of the contrast media
from a peripheral branch of the right hepatic artery (Fig. 3b,c).
TAE was  then performed using gelatin sponge until arterial occlu-
sion obtained (Fig. 3d). After embolization, the patient remained
hemodynamically stable and did not require further transfusion. A
follow-up CECT was  performed 5 days later and showed no more
extravasation of contrast media and confirmed the presence of CA
stenosis by cMAL (Fig. 4a,b). This case series has been reported
in line with the PROCESS criteria [5] and has been registered at
ResearchRegistry.com (researchregistry3605).

3. Discussion

Active hepatic hemorrhage is a life-threatening condition for
which emergency intervention is required either by surgery or TAE.
There are several causes of hepatic hemorrhage such as tumor rup-
ture, aneurysm, iatrogenic injury and hepatic trauma [6].

Surgical intervention is associated with a high rate of mortality

in patients with liver trauma; moreover, the rate of rebleeding after
hepatic hemostasis with packing could reach up to 60% in some case
series [7,8].
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Fig. 4. (a) Five days post embolization Abdominal CECT showing shattered right
 A. Barah et al. / International Journ

The utilization of CECT and ultrasonography in the emergency
rauma protocols has shifted the paradigm of hepatic hemorrhage

anagement towards the TAE across the last 2 decades [9–11]. The
fficacy of liver TAE through CA has been well established with a
uccess rate ranging from 85 to 100% [12]. The main limiting factor
f liver artery catheterization through this route is a CA stenosis
r occlusion with an incidence of 12.5–24% in Western popula-
ions [1,13–15]. According to Kwon et al., cMAL presents the most
ommon cause of CA stenosis [3]. In the typical hepatic arterial
natomy; PDAs and the dorsal pancreatic artery form the main col-
ateral pathway connections between the CA and SMA. While in
atients with aberrant hepatic arterial anatomy, other collateral
athways may  exist [16].

PDAs are formed by anterior and posterior branches, bring
ogether the dividing branches of the gastroduodenal artery (GDA)
nd the inferior pancreaticoduodenal artery (IPDA), forming the
atural anastomoses between the CA and the SMA  [17]. PDAs are
ot usually visible in the absence of CA or SMA  stenosis. In case
f occlusion or severe stenosis of CA, the entire blood supplying
he liver is provided by the retrograde arterial flow through PDAs,
hich induces arterial enlargement leading to prominence of the

DAs on SMA  angiogram [18].
Many reports in the literature asserted the importance of

DAs route for different elective transarterial liver treatments in
atients having CA stenosis or occlusion, such as chemoemboliza-
ion, radioembolization and hepatic arterial infusion [2,3,19]. To
ur knowledge, PDAs are rarely reported as an alternative route
n the management of acute hepatic hemorrhage. The appropriate
atheterization technique is one of the key parameters for technical
uccess of PDAs catheterization. In order to avoid long procedure
ime and potentially ineffective manipulations with risk of com-
lications, the direct hepatic artery access through CA should be

nitially attempted for the cMAL to maintain a potential residual
umen of the CA [3].

This is more truthful in the setting of emergency TAE where
ore complications may  occur owing to the vasospasm that can be

recipitated by the catheter manipulation in addition to the coex-
stence hypotensive status. If this approach fails, attempts should
e made to catheterize the hepatic artery through PDAs to achieve
AE [20]. In our institution, we regularly perform liver ultrasound
creening and CECT prior to any intervention in hemodynamically
table patients suspected to have hepatic hemorrhage. In case of
emodynamic instability, a surgical management is preferred. In
ase of failed surgical hemostasis, the patient should be transferred
o the angio-suite for angiogram and embolization of hepatic arter-
es. This angiogram helps to give further information about the
epatic arterial anatomy, the portal vein status and the direction
f flow through PDAs. A direct catheterization of hepatic arteries is
hen attempted through the stenotic CA by using 5F catheter over
ydrophilic 0.035-inch guide wire. When the CA is impassable, a
elective catheterization of the hepatic arteries could be attempted
hrough SMA  using a coxial system composed by 5F catheter and
ydrophylic 2.7F microcatheter.

Because of the small caliber, severe vasospasm of PDAs, and
ypovolemic condition in both patients, the 5F catheter was  left
t the origin of SMA  to avoid any arterial complications. Then the
.7F hydrophilic microcatheter was advanced gently over micro-
ire through PADs to the hepatic arteries. Being as selective as
ossible, is a prerequisite for the success of the TAE procedure
or many reasons. Although the liver parenchyma has dual arte-
ial and portal vein blood suppliers, parenchymal necrosis and liver
ecompensating are the potential risks of underlying hepatic dis-

ase in case of unsuccessful selective TAE. Moreover, unsuccessful
elective embolization of the targeted hepatic artery leaves the
ossibility of collaterals to continue to supply the lacerated and
xtravasating artery along a retrograde flow which might increase
liver lobe with no contrast extravasation. (b) Sagital plan of multiplanar reformatted
images demonstrating severe stenosis of the CA (white arrow) due to cMAL.

the risk of rebleeding [21]. Finally, unsuccessful distal hepatic artery
catheterization in case of inability to reach the proper hepatic artery
via PDAs and GDA, greatly increase the risk of major complications,
such as pancreatitis, duodenal ulcer or splenic infraction [4].

Despite the successful catheterization of the right hepatic artery
through long tortuous and small sized PDAs, we  have faced 2 major
problems in our cases. In case 1, even with a dedicated manipula-
tion of hydrophilic microcatheter, the catheterization of PDAs was
complicated by a limited arterial dissection at midway to the target
(Fig. 3b). This embarrassing situation was  overcome by reattempt-
ing catheterization of the PDAs after administration of 100-�g of

nitroglycerin through the microcatheter at the site of the dissec-
tion. The second major problem was  the inability to advance the
microcatheter beyond of the right hepatic artery and consequently,
failure to achieve a superselective catheteriazation of the distal
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leeder arteries in both cases. This is due to loss of torqability and
ushability of the microcatheter after having traversed long and
ortuous pathway through the PDAs. In addition, the acute angle
etween GDA and the proper hepatic artery and the compression
ffect of hematoma caused by hepatic hemorrhage on the PDAs
ave made the hepatic TAE more challenging with a higher risk of

ailure [3]. Although the sandwich technique by deploying coils on
oth sides of the artery supplying the extravasation is considered
s the best approach to achieve selective occlusion of the arterial
eeders. The embolic agent used in our cases was  gelatin sponge.
he reason of this choice was as result of the difficulty to obtain a
uperselective catheterization of the distal hepatic branches. More-
ver, in urgent situation, gelatin sponge is relatively easy and fast to
anipulate and induces less damage to normal liver parenchyma

fter embolization [22].
In conclusion, endovascular management of massive hepatic

emorrhage in case of inaccessibility of hepatic arteries through
A is a highly challenging situation in which the technical success
epends on the operator experience, choice of the materials and
natomical knowledge of hepatic arterial collateral supply.
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