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Abstract
AIM: To evaluate safety and feasibility of microcoil em-
bolization of the common hepatic artery under proper 
or distal balloon inflation in preoperative preparation for 
en bloc celiac axis resection for pancreatic body cancer.

METHODS: Fifteen patients (11 males, 4 females; 
median age, 67 years) with pancreatic body cancer in-
volving the nerve plexus surrounding the celiac artery 
underwent microcoil embolization. To alter the total he-
patic blood flow from superior mesenteric artery (SMA), 
microcoil embolization of the common hepatic artery 
(CHA) was conducted in 2 cases under balloon inflation 
at the proximal end of the CHA and in 13 cases under 
distal microballoon inflation at the distal end of the 
CHA.

RESULTS: Of the first two cases of microcoil emboliza-
tion with proximal balloon inflation, the first was suc-
cessful, but there was microcoil migration to the proper 
hepatic artery in the second. The migrated microcoil 

was withdrawn to the CHA by an inflated microballoon 
catheter. Microcoil embolization was successful in the 
other 13 cases with distal microballoon inflation, with 
no microcoil migration. Compact microcoil embolization 
under distal microballoon inflation created sufficient re-
sistance against the vascular wall to prevent migration. 
Distal balloon inflation achieved the requisite 1 cm pa-
tency at the CHA end for vascular clamping. All patients 
underwent en bloc celiac axis resection without arterial 
reconstruction or liver ischemia.

CONCLUSION: To impede microcoil migration to the 
proper hepatic artery during CHA microcoil emboliza-
tion, distal microballoon inflation is preferable to proxi-
mal balloon inflation.
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INTRODUCTION
The overall 5-year survival rate after surgical resection for 
pancreatic cancer is extremely poor (< 10%)[1-3]. There is an 
ongoing effort toward treating this difficult disease and im-
proving survival. Surgery plays a main role for a complete 
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cure of  pancreatic body cancer. En bloc celiac axis resec-
tion (modified Appleby operation) has been introduced to 
expand the surgical treatment for pancreatic body cancer 
with celiac axis involvement[4,5], and Hirano et al[6] report a 
promising estimated 5-year survival rate of  42% for lo-
cally advanced pancreatic body cancer. This surgical pro-
cedure has the aim of  en bloc lymphadenectomy together 
with resection of  the spleen, pancreatic body, and tail by 
ligation of  the celiac trunk artery and common hepatic 
artery (CHA). The safety of  this operation is based on the 
rationale that hepatic arterial blood is supplied from the 
superior mesenteric artery via the pancreatico-duodenal 
arcades following ligation of  the CHA. However, weak 
pulsation of  the proper hepatic artery was observed in 
some patients during surgery, immediately after surgi-
cal ligation of  the CHA[7-9]. When poor pulsation of  the 
proper hepatic artery is observed after clamping of  the 
CHA, arterial reconstruction is necessary because liver 
necrosis is fatal once it occurs[10-13]. To avoid this compli-
cated procedure, Kondo et al[14] reported the preparatory 
technique of  enlarging the collateral pathways from the 
SMA before surgery, by preoperative embolization of  the 
CHA using interlocking detachable coils. Following this 
report, surgeons first asked interventional radiologists to 
embolize the CHA in preoperative management to en-
large the collateral pathways from the superior mesenteric 
artery (SMA). However, exact microcoil embolization of  
the short segment of  the CHA is not easy, even for ex-
perienced interventional radiologists, because of  its rapid 
arterial flow and, of  particular concern, the possibility of  
coil migration to the proper hepatic artery. In our case, the 
surgeon also asked that we retain vascular lumen patency 
1 cm from the distal end of  the common hepatic artery 
and the proximal celiac artery trunk, to enable clamping 
of  these vessels. In response to these requirements, we 
conducted microcoil embolization of  the CHA under 
either proximal or distal microballoon inflation. The pur-
pose of  this clinical study is to describe these techniques 
and to evaluate their safety and feasibility.

MATERIALS AND METHODS
Patients
Approval of  the Institutional Ethics Committee of  our 
institution was obtained for this clinical trial prior to ini-
tiation of  the study. All patients were fully informed of  
the extent of  their diseases and of  the risks and benefits 
associated with preoperative CHA embolization and en 
bloc resection.

In cases of  right or common hepatic artery branching 
from the SMA, it was not necessary to conduct microcoil 
embolization of  the CHA. Between May 2007 and January 
2010, 15 patients with pancreatic body cancer involving 
the nerve plexus surrounding the celiac artery were sched-
uled for surgical radical pancreatectomy and underwent 
microcoil embolization preoperatively. Tumor stage was 
T4 in 14 patients and T3 in 1 patient according to the tu-
mor, node and metastasis classification of  the Union for 

International Cancer Control (UICC)[15]. Eleven patients 
were male and 4 were female; age ranged from 46 to 79 
years (median, 67 years) (Table 1). All patients suffered 
from severe back pain and/or abdominal pain. Enhanced 
computed tomography using contrast medium revealed tu-
mors sized 10-76 mm located in the body to the tail of  the 
pancreas and involving the celiac, splenic, and/or common 
hepatic arteries, but with no evidence of  liver metastases or 
invasion to the superior mesenteric artery. Microcoil em-
bolization of  the common hepatic artery was performed 
7 d to 14 d before surgery. Two interventional radiologists, 
each with more than 7 years experience in transcatheter 
arterial embolization, conducted the following procedure.

Interventional procedure
Microcoil embolization under proximal balloon infla-
tion: A 5F balloon catheter (balloon diameter 10 mm; Se-
lecon MP, Catheter Rosch Ⅱ; Terumo, Tokyo, Japan) was 
inserted into the celiac artery through a 6F long sheath 
(Terumo) via the right femoral artery. After celiac arteriog-
raphy, a 5F balloon catheter was advanced to the CHA us-
ing a guide wire (0.035, angle type; Radiofocus, Terumo). 
Under balloon inflation at the proximal end of  the CHA, a 
microcatheter with two markers for detachable coil embo-
lization (Rapidtransit, Johnson and Johnson, New Bruns-
wick, NJ) was inserted coaxially and advanced to the distal 
CHA, 1 cm before the branching of  the gastroduodenal 
artery. Detachable microcoils (interlocking detachable coil, 
Boston Scientific, Boston, MA) of  diameter at least 1 mm 
greater than that of  the CHA were deployed by making a 
lengthwise and/or sidewise frame (Figure 1A).

Microcoil embolization under distal balloon inflation: 
6F and 4F long sheaths (Terumo) were inserted via the 
right and left femoral arteries, respectively. A 6F guiding 
catheter (Elway, Terumo Clinical Supply, Tochigi, Japan) 
was advanced through a 6F sheath to the celiac artery. 
After celiac arteriography, a 3.3F microballoon catheter 
(8 mm in maximum inflated diameter, 1 cm in length; 
Iiguman, Fuji System, Tokyo, Japan) was inserted into the 
common hepatic artery through a 6F guiding catheter 
and placed at the distal end of  the CHA (Figure 1B). The 
microballoon was inflated, taking care not to interrupt 
blood flow in the gastroduodenal artery (Figure 2A). A 
4F catheter (Rosch celiac type, Medikit, Tokyo, Japan) was 
advanced through a 4F sheath to catheterize the celiac 
artery, and a microcatheter with two markers was then ad-
vanced to the proximal end of  the balloon inflation (Figure 
2A). Detachable coils of  diameter greater than that of  the 
CHA were used initially, and fiber coils (Tornado, Bos-
ton Scientific) were added to fill the space if  necessary. 
Microcoils were placed in the CHA from the proximal 
end of  the microballoon inflation to the inlet of  the left 
gastric artery (LGA) branching from the celiac trunk ar-
tery (Figure 2B). In fluoroscopic guidance, the tube angle 
that enabled the best visualization of  the CHA or LGA 
was used. After microcoil embolization, the microballoon 
catheter was deflated and withdrawn.
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Microcoil embolization under distal balloon inflation 
and proximal balloon inflation at the time of  with-
drawal: After microcoil embolization of  the CHA under 
distal balloon inflation, as described above, a 5F balloon 
catheter (Selecon MP, Catheter Rosch Ⅱ, Terumo) was 
inserted via the femoral artery to the celiac artery through 
a 6F long sheath. This 5F balloon catheter was used to 
prevent microcoil migration from the CHA to the celiac 

trunk artery. Specifically, when the distal balloon catheter 
was deflated and withdrawn, the 5F balloon catheter was 
inflated at the CHA proximal end or celiac trunk artery. 
After confirming no proximal coil migration, the proxi-
mal balloon catheter was deflated, and both balloon cath-
eters were removed.

After coil embolization in each procedure, superior 
mesenteric arteriography was conducted to confirm the 
alteration of  blood flow from the SMA to the hepatic ar-
tery (Figure 2C). We aimed for total hepatic arterial blood 
flow to be supplied from the superior mesenteric artery. 
When the left hepatic artery branched from the LGA, 
microcoil embolization of  left gastric artery was also per-
formed.

RESULTS
In the present series, the first two patients underwent mi-
crocoil embolization of  the CHA under proximal balloon 
inflation. Successful microcoil embolization of  the CHA 
was completed in the first case. However, in the second 
case, distal migration of  the microcoils occurred from the 
CHA to the proper hepatic artery after deflation of  the 
proximal balloon catheter following microcoil placement. 
When this occurred, we immediately inserted the deflated 
microballoon catheter into the proper hepatic artery, 
advanced the catheter beyond the migrated microcoil, in-
flated the balloon catheter, and successfully withdrew the 
migrated coil to the common hepatic artery (Figure 3).

The third case underwent microcoil embolization 
under distal microballoon inflation. At the time of  with-
drawing the distal deflated balloon catheter located at the 
distal end of  the CHA, we inflated the proximal balloon 
at the proximal end of  the CHA to prevent microcoil mi-
gration from the CHA to the celiac trunk artery. Howev-
er, we realized that the second (proximal) balloon cathe-
ter was not necessary because of  the rigid fixation of  the 
microcoils against the vascular wall. Thereafter, the distal 
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N: Number; F: female; M: Male; UICC: Union for International Cancer Control; CHA: Common hepatic artery; TNM: Tumor, node and metastasis. 

Figure 1  Schematic drawing of microcoil embolization under proximal 
balloon inflation (A) and distal balloon inflation (B) in the common hepatic 
artery. LGA: Left gastric artery; CHA: Common hepatic artery; SA: Splenic 
artery; SMA: Superior mesenteric artery.
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Table 1  Backgrounds of patients with pancreatic body cancer for common hepatic artery microcoil embolization

Tumor Coil used 

N Age
(yr)

Sex Major axis 
(mm)

Stage (UICC 
TNM ver.6)

Balloon catheter 
inflation proximal/distal

Coil 
migration

CHA diameter 
(mm)

Detachable coil diameter 
(mm)/length (cm) × N

Fiber coil proximal/distal 
diameters (mm) × N

1 51 F 10 T4 +/- - 7.0  8/20
2 70 M 35 T4 +/- + 6.7 10/10
3 67 M 40 T4 +/+ - 6.1 8/20 4/8 x 3
4 56 M 46 T4 -/+ - 5.6 7/10 4/8 × 2
5 64 M 30 T4 -/+ - 7.4 10/20, 7/20, 6/10
6 71 M 61 T4 -/+ - 6.4 9/20, 7/20, 6/10
7 71 M 35 T4 -/+ - 7.7 10/10 7/3 × 2
8 54 M 31 T4 -/+ - 4.5 6/10 × 2, 5/10 6/2 × 2
9 69 F 76 T3 -/+ - 5.1 7/10 7/3 × 2, 8/4 × 3
10 46 M 35 T4 -/+ - 4.4 6/10 6/2 × 4
11 78 F 42 T4 -/+ - 6.4 8/10, 6/10 6/2
12 64 M 45 T4 -/+ - 2.1 3/10 3/2
13 74 F 37 T4 -/+ - 3.6 5/10 6/2, 5/2
14 62 M 34 T4 -/+ - 4.4 6/10 7/3 × 3
15 79 M 45 T4 -/+ - 5.5 7/10 8/4 × 3
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short gastric artery and left gastroepiploic artery, which 

deflated microballoon catheter was withdrawn without 
the assistance of  proximal balloon inflation. There was 
no microcoil migration in the following 12 cases under 
distal microballoon inflation (Table 1). Accordingly, distal 
balloon inflation achieved the 1 cm patency at the end of  
the CHA required for vascular clamping.

In three cases having the variation of  left hepatic ar-
tery branching from the LGA, we performed additional 
embolization of  the LGA trunk using microcoils. In two 
of  these three cases, total hepatic arterial blood flow was 
confirmed in superior mesenteric arteriography to come 
from the SMA via intrahepatic communication between 
the right and left hepatic arteries. In the remaining case, 
there was communication between the LGA and the 

Figure 2  Microcoil embolization under distal balloon inflation. A: Ra-
diograph during catheterization shows microcatheter (arrow) insertion to the 
common hepatic artery (CHA) via the celiac artery under distal microballoon 
inflation in the CHA; B: Radiograph during microcoil embolization shows a tight 
widthwise frame; C: Superior mesenteric arteriography after microcoil emboliza-
tion shows blood flow from the superior mesenteric artery to the proper hepatic 
artery via the pancreatico-duodenal arcades.

Figure 3  Distal migration of the microcoils and the successful withdraw. 
A: Following celiac arteriography; B: Microcoil embolization under proximal bal-
loon inflation (arrow) was performed; C: Microcoil migration from the common 
hepatic artery (CHA) to the proper hepatic artery occurred after deflation of the 
proximal balloon catheter; D: Under fluoroscopic guidance using the tube angle 
that enabled the best visualization of the CHA and with the assistance of a 
microwire, a microballoon catheter was then inserted through the migrated coil 
and inflated; E: The migrated coils were withdrawn to their original position in 
the CHA by the inflated balloon catheter.
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branched from the splenic artery. In this case, LGA and 
the splenic artery were embolized, aiming to achieve total 
hepatic blood flow from the SMA. However, following 
these embolizations, hepato-petal blood flow did not 
come from the SMA but from the inferior phrenic artery. 
No evidence of  liver ischemia was observed during sur-
gery, enabling radical pancreatectomy to be performed.

Superior mesenteric arteriography after embolization 
showed good hepato-petal blood flow from the SMA 
to the proper hepatic artery in all cases except that de-
scribed above. All patients successfully underwent radical 
pancreatectomy without liver or gastric ischemia, and 
experienced no problems or complications related to the 
microcoil embolization.

DISCUSSION
In the present series, microcoil embolization under distal 
balloon inflation was superior to that under proximal 
balloon inflation in terms of  impeding distal emboliza-
tion. White[16] described two techniques of  coil placement 
in the pulmonary artery: an anchor technique in which 
the microcoil tip was hooked into the small branch, and 
a scaffold technique in which a long frame was created 
lengthwise to increase friction against the vessel wall and 
fill the feeding artery. There are no small branch arteries 
from the CHA; therefore, using the scaffold technique 
we made a lengthwise and sidewise frame, by pushing 
and pulling the coils. If  the microcoils continued to push 
out under proximal balloon inflation, then they tended to 
move to a more peripheral site than intended; in this case, 
the microcoils needed to be pulled back. In the second 
case of  the present series, under proximal balloon infla-
tion the microcoils migrated to the proper hepatic artery 
despite the microcoils having a diameter 3 mm greater 
than that of  the CHA; this probably occurred because the 
loose frame of  placed microcoils did not create sufficient 
friction against the vascular wall. The migrated microcoils 
were pulled back by the distal inflated balloon catheter to 
the original CHA site. We found that microcoils placed 
under distal balloon inflation became more compact than 
those under proximal balloon inflation, creating enough 
friction against the vascular wall to prevent migration.

We anticipated that the microcoils could migrate from 
the CHA to the celiac trunk artery or abdominal aorta 
after retrieval of  the deflated distal microballoon catheter 
following microcoil embolization. For this reason, in 
the third case of  this series, an additional balloon cath-
eter was inserted and inflated in the celiac trunk artery, 
with the aim of  blocking proximal coil migration from 
the CHA to the celiac trunk. However, this precaution 
proved unnecessary. The rigid friction of  the microcoils 
against the vessel wall resulted in no proximal migra-
tion when the distal deflated microballoon catheter was 
retrieved. The use of  detachable coils of  diameter 1-2 
mm greater than that of  the CHA was sufficient to create 
increased friction in the subsequent 12 cases under distal 
microballoon inflation.

As an additional positive outcome of  the described tech
nique, the long dimension of  the inflated microballoon (10 
mm) enables patency to be maintained at the distal CHA 
end. Accordingly, the distal microballoon inflation method 
fulfilled the surgeon’s requirement to retain 1 cm patency at 
the distal CHA end for vascular clamping.

It is a weakness of  the distal microballoon catheter 
method that performing the procedure is somewhat 
complicated. However, the dual femoral artery approach 
is minimally invasive, and maneuvering the microballoon 
catheter does not have a steep learning curve.

In conclusion, the distal microballoon inflation meth-
od in CHA microcoil embolization was preferable to the 
proximal balloon inflation method, in terms of  creating 
a compact microcoil frame that caused no coil migration 
to the proper hepatic artery, and of  supplying a sufficient 
length of  CHA patency to enable vascular clamping.
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