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Abstract

Background: Transcatheter arterial embolization (TAE) is widely accepted as a treatment for bleeding from the
pancreaticodoudenal artery (PDA) in patients with celiac artery stenosis. However, the technical aspect of TAE has not
received much attention.

Purpose: To report the technical details and success rate of TAE for bleeding from the PDA in patients with CA stenosis.

Material and Methods: Between 2015 and 2021, nine TAE procedures were performed in eight patients (five women,
three men; one woman underwent TAE twice). The cause of CA stenosis was compression by the median arcuate ligament
in eight cases and CA dissection in one case. The cause of bleeding was flow-related aneurysm rupture in six cases. Pre-TAE
CT showed a pseudoaneurysm in all cases. The technical details of TAE were recorded, and the success rate was evaluated.

Results: The technical and clinical success rates were 100%. In six cases, both the CA and superior mesenteric artery
(SMA) were cannulated using two parent catheters: a microcatheter advancing to the pseudoaneurysm from the CA (the
CA approach) to achieve embolization and another catheter for angiography advancing from the SMA to map the vascular
anatomy. In five cases, the CA approach was successfully performed after failed attempts of advancing a microcatheter from
the SMA.

Conclusion: TAE is an effective treatment for bleeding from the PDA in patients with CA stenosis. Using two parent
catheters, one for CA cannulation and microcatheter advancement and another for SMA cannulation and vascular mapping,
may be a useful technique.
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Introduction

In patients with celiac artery (CA) stenosis, bleeding from
the pancreaticoduodenal artery (PDA) may occur as a result

of flow-related aneurysm rupture.' Although PDA an- Cerresponding author:

Yasuyuki Onishi, MD, Department of Diagnostic Imaging and Nuclear

eurysms account for only 2% of all visceral artery aneu-
rysms, clinical relevance is attributable to the high rupture
rate associated with these aneurysms.* Transcatheter
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arterial embolization (TAE) is the mainstay treatment for
bleeding from the PDA." The TAE technique to manage
bleeding from the PDA is different from arterial bleeding
management in other areas, in that the PDA can be approached
from the CA or the superior mesenteric artery (SMA).'?
Additionally, in some patients with CA stenosis, the blood
flow of the PDA is cephalad: from the inferior pan-
creaticoduodenal artery to the gastroduodenal artery. Owing to
these anatomical characteristics, several TAE techniques are
available for bleeding from the PDA in patients with CA
stenosis. However, most previous reports did not focus on the
technical details of TAE.””” The purpose of this study was to
report the technical and clinical success of TAE in a small
series and discuss TAE techniques for bleeding from the PDA
in patients with CA stenosis.

Materials and methods

Patients

The institutional review board approved this study with a
waiver of informed consent. Between January 2015 and
December 2021, 25 TAE procedures for bleeding from the
PDA (the gastroduodenal artery, anterior and posterior
superior pancreaticoduodenal artery, anterior and posterior
inferior pancreaticoduodenal artery, and inferior pan-
creaticoduodenal artery) were performed at the authors’
institution. The presence or absence of CA stenosis was
evaluated in these patients. Stenosis was considered to be
present when a patient showed luminal narrowing of the CA
exceeding 50% on contrast-enhanced CT? and enhancement
of the gastroduodenal artery through the PDA on angiog-
raphy of the SMA. Among the 25 TAE procedures, stenosis
of the CA was observed in nine interventions performed in
eight patients. In these nine cases, the clinical information
before and after TAE was available, and they constituted the
study population. Among the eight patients, five were
women and three were men, of which one woman under-
went TAE twice. The median age at TAE was 55 years
(range: 44—78 years). All patients had no history of pan-
creatitis or heavy alcohol intake. In eight cases, TAE was
performed emergently on the day of presentation, while in
one case, TAE was performed 6 days after presentation
because the patient was suspected of having acute pan-
creatitis, and the correct diagnosis was obtained later. In-
formation on each patient is presented in Table 1.

CT findings

Contrast-enhanced CT was performed in all patients before
TAE. In eight cases, CT was performed on the same day as
TAE. In one case, CT was performed 2 days before TAE.
The cause of CA stenosis was compression by the median
arcuate ligament (MAL) in eight cases and CA dissection in

one case. The diagnosis of compression by the MAL was
made when CT showed focal superior indentation of the
CA.*? The CA was stenotic but patent in all cases. Pseu-
doaneurysms were found in all cases, while extravasation of
the contrast medium was not observed in any of the patients
(Figure 1). In six cases, CT did not show findings of
bleeding causes, such as pancreatitis, tumor, and trauma,
and rupture of a flow-related aneurysm was diagnosed. The
remaining three cases had pancreatic cancer, and the cause
of bleeding was cancer invasion in one case and postop-
erative pancreatic fistula in the other two cases. The median
pseudoaneurysm size was 5 mm (range, 3—12 mm). He-
matoma around the pseudoaneurysm was observed in seven
cases, whereas hematoma in the common bile duct was
observed in the remaining two cases.

Embolization procedure

The right common femoral artery was punctured under local
anesthesia and moderate sedation, followed by placement of a 4-
or 5-F vascular sheath. A 4- or 5-F catheter of various shapes
(shepherd hook, cobra, twist, Simmons) was used to cannulate
and obtain angiographic images of the CA and SMA. In some
cases, a second 4- or 5-F catheter was advanced from a second
4- or 5-F sheath placed in the right or left common femoral
artery, and both the CA and SMA were cannulated using two
different catheters. A microcatheter with a distal tip of 1.7-2.2-F
was advanced to the pseudoaneurysm from one or both parent
catheters to embolize the pseudoaneurysm. Distal-to-proximal
TAE with microcoils was preferentially performed. N-butyl
cyanoacrylate (NBCA) was also used. The technique per-
formed using two sheaths and two parent catheters was named
the two-catheter technique. When the two-catheter technique
was used and a microcatheter was advanced from the CA,
angiography from the SMA route was repeatedly performed to
map out the arterial anatomy (Figure 2). In contrast, the tech-
nique performed using one sheath and one parent catheter was
called the one-catheter technique. The technique involving
advancement of a microcatheter from a parent catheter placed at
the CA to the pseudoaneurysm was named the CA approach,
whereas that involving advancement of a microcatheter from a
parent catheter placed at the SMA was named the SMA
approach.

Evaluation

The technical details of each patient were recorded. Technical
success of TAE was defined as the absence of pseudoaneurysm
visualization on post-TAE angiography. Clinical success was
defined by no clinical signs of rebleeding at the site of the
pseudoaneurysm for more than 1 month and the absence of
pseudoaneurysm visualization on post-TAE contrast-enhanced
CT. Complications of the procedure were assessed using the
Society of Interventional Radiology criteria.'®
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Table I. Patient characteristics.

Case Pt Age/ Cause of CA Location of  Size of the
no. no. sex  Past history Presentation stenosis Cause of bleeding the PA PA (mm)
| | 44M  None Abd. pain MAL Flow-related aneurysm PIPDA 5
compression rupture
2 2 5IF  None Abd. pain MAL Flow-related aneurysm PIPDA 3
compression rupture
3 3 53M  None Abd. pain MAL Flow-related aneurysm AIPDA 8
compression rupture
4 4 54F SLE Abd. pain MAL Flow-related aneurysm AIPDA 6
compression rupture
5 5 55M  None Nausea MAL Flow-related aneurysm PSPDA 4
compression rupture
6 6 57F  None Abd. pain CA dissection Flow-related aneurysm PSPDA 4
rupture
7 7 72F  Pancreas Hematemesis and MAL Cancer invasion PSPDA 3
cancer melena compression
8 8 78F  Pancreas Bleeding from the MAL Postoperative ASPDA 12
cancer ENBD tube compression pancreatic fistula
9 8 78F  Pancreas Bleeding from the MAL Postoperative GDA 5
cancer ENBD tube compression pancreatic fistula

Abd.: abdominal, AIPDA: anterior inferior pancreaticoduodenal artery, ASPDA: anterior superior pancreaticoduodenal artery, CA: celiac artery, ENBD:
endoscopic nasobiliary drainage, GDA: gastroduodenal artery, MAL: median arcuate ligament, PA: pseudoaneurysm, PIPDA: posterior inferior pan-

creaticoduodenal artery, PSPDA: posterior superior pancreaticoduodenal artery, Pt: patient, SLE: systemic lupus erythematosus.

(a)

)

Figure |. Contrast-enhanced CT in a 53-year-old man presenting with rupture of an anterior inferior pancreaticoduodenal artery
(AIPDA) aneurysm due to celiac artery stenosis caused by compression of the median arcuate ligament (case 3). (a) Axial image
without contrast medium shows hematoma (arrows) around the pancreatic head (star). (b) Axial arterial-phase contrast-enhanced
image shows a pseudoaneurysm (arrow) of the AIPDA. (c) Sagittal arterial-phase contrast-enhanced image shows stenosis and downward
compression (arrow) of the celiac artery, which is compatible with compression by the median arcuate ligament.

Results

Detailed information on the TAE technique and outcomes is
shown in Table 2. Technical success was achieved in all the

cases. The one- and two-catheter techniques were used in two
and seven cases, respectively. The second sheath was placed
in the right common femoral artery in five cases, while it was
placed in the left in two cases. In six cases, TAE success was
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Figure 2. Transcatheter arterial embolization in a 53-year-old man presenting with rupture of an anterior inferior pancreaticoduodenal
artery (AIPDA) aneurysm due to celiac artery stenosis caused by compression of the median arcuate ligament (case 3). (a) Angiography
of the celiac artery does not show an aneurysm. (b) Angiography of the superior mesenteric artery (SMA) shows a pseudoaneurysm
(arrow) of the AIPDA. The hepatic artery (arrowhead) is opacified through the pancreaticoduodenal artery. (c) Angiography of the SMA
shows the vascular anatomy of the pancreaticoduodenal artery. This angiography was performed for navigation of a microcatheter.
The tip of the microcatheter (arrow) is located at the proximal portion of the anterior superior pancreaticoduodenal artery. (d)
Angiography of the SMA after embolization shows occlusion of the pseudoaneurysm with coils (arrow).

achieved using the CA approach and two-catheter technique:
a microcatheter was advanced to the pseudoaneurysm from
the parent catheter placed at CA, while another catheter was
used for angiography approaching from the SMA for vessel
mapping. In the remaining three cases, TAE success was
achieved using the SMA approach or one-catheter technique.
Among the six cases in which the CA approach and two-
catheter technique were successful, the SMA approach was
attempted before the CA approach in five cases, but the SMA
approach failed. Failure of the SMA approach was due to the
difficulty of cannulation of the inferior pancreaticoduodenal
artery (IPDA) or difficulty in advancing a microcatheter in the
IPDA. In eight cases, distal-to-proximal embolization of the
pseudoaneurysm was achieved using microcoils. In one case,
NBCA mixed with iodized oil at a ratio of 1:4 was injected into
the pseudoaneurysm without flow control. Thereafter, proxi-
mal embolization with microcoils was performed. The median

number of microcoils that were placed was 9 (range: 4-17).
After TAE, all cases showed no clinical signs of rebleeding for
more than a month. Post-TAE contrast-enhanced CT obtained
after the median of 6 days (range: 3—11) showed no pseu-
doaneurysm in all cases. Shrinkage of hematoma was observed
in all cases. Thus, clinical success was achieved in all the cases.
Complications were observed in two cases. One case involved
an external iliac artery dissection, and the other involved a
posterior IPDA dissection. They were managed conservatively
and regarded as minor complications (SIR category: A).

Discussion

In TAE of a PDA pseudoaneurysm in patients with CA ste-
nosis, the pseudoaneurysm can be approached from the CA
and SMA. The SMA approach is more straightforward than
the CA approach because SMA and IPDA angiography show
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Table 2. Technique and outcomes of transcatheter arterial embolization.

One- or two-

Case  catheter CA approach or SMA  Technical/

no. technique approach>:< clinical success Comments on embolization procedure

| Two SMA—CAT Yes/Yes Selection of IPDA from the SMA was difficult.

2 Two SMA—CA Yes/Yes Advancement of a microcatheter in the PIPDA from the SMA
was difficult.

3 Two SMA—CA Yes/Yes Selection of the IPDA from the SMA was difficult.

4 Two SMA Yes/Yes

5 Two SMA—CA Yes/Yes Advancement of a microwire from the SMA caused dissection
of the PIPDA.

6 Two CA Yes/Yes

7 Two CA—SMACATT Yes/Yes Advancement of a microcatheter to the PSPDA from the CA
was not possible due to low stability of a shepherd hook
parent catheter. Next, the SMA approach was tried but
advancement of a microcatheter in the IPDA was difficult.
Then, the CA approach was tried again using a Simmons
catheter, which allowed successful embolization because of
increased stability of the parent catheter.

8 One SMA Yes/Yes A microcatheter was advanced to the pseudoaneurysm from
the SMA. Angiography from the pseudoaneurysm did not
show a connection to the GDA. Thus, NBCA embolization
of the pseudoaneurysm followed by coil embolization of the
proximal artery was performed.

9 One CA Yes/Yes Angiography of the GDA obtained by a microcatheter advanced

from the CA showed the pseudoaneurysm. Embolization
was performed with one-catheter technique.

CA: celiac artery, EIA: external iliac artery, GDA: gastroduodenal artery, IPDA: inferior pancreaticoduodenal artery, NBCA: N-butyl cyanoacrylate,
PIPDA: posterior inferior pancreaticoduodenal artery, SMA: superior mesenteric artery.

*The CA and SMA approaches involve advancing a microcatheter to embolize the pseudoaneurysm from the CA and SMA, respectively.
fSMA—CA: The CA approach was successful after the failed SMA approach.

TTCA—SMA—CA: The CA approach was attempted first but was unsuccessful, after which the SMA approach was attempted but was also unsuccessful.

Finally, the CA approach was successful.

a PDA pseudoaneurysm due to CA stenosis. However, this
approach may be challenging because of the difficulty in
cannulation of the IPDA from the SMA and advancement of a
microcatheter in the IPDA.'"*'? The IPDA may be tortuous, or
may steeply bifurcate from the SMA. These anatomical
characteristics contribute to the technical difficulty. Addi-
tionally, the IPDA originates from the common trunk with the
first jejunal artery in 20%-65% of cases.'® In this branching
pattern, a guide wire may tend to go to the first jejunal artery,
and selection of the IPDA may be difficult. Two studies re-
ported successful TAE of PDA pseudoaneurysm in several
cases, of which both the SMA approach and the CA approach
were used in some cases.'” Although the reason why the
authors used the two approaches and the advantages and
disadvantages of each technique were not described in the
previous study, the CA approach may have been used because
of the difficulty in IPDA cannulation or advancement of a
microcatheter in the IPDA. In this study, cannulation of the
IPDA or advancement of a microcatheter in the IPDA was
difficult in five cases. In these cases, TAE was successfully
performed using the CA approach. It was notable that the SMA

approach was unsuccessful in as many as five cases. One
probable reason for this was the rapid shift to using the CA
approach without adhering to the SMA approach. This is
because in our experience, advancing a microcatheter from the
CA to the PDA is easier than advancing it from the SMA. A
disadvantage of the CA approach is that cannulation of the CA
may be difficult in some patients. For example, when CA
compression by the MAL is severe, the CA is occluded, and
cannulation may be impossible. Even if the CA is not oc-
cluded, the catheter placed in the CA may be unstable, making
TAE difficult, as observed in one case in this study (case 7).

In previous studies, embolization of a PDA pseudoa-
neurysm was performed using a  one-catheter
technique."*'"'* In contrast, the two-catheter technique
was used in seven out of nine cases in this study, and we
believe that this is a useful technique. When the CA ap-
proach is used with a one-catheter technique, angiography
from a microcatheter does not reveal a pseudoaneurysm
because of retrograde flow from the SMA. However, when
the two-catheter technique is used, angiography of the SMA
can be performed at any time at an appropriate angle during
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advancement of a microcatheter from the CA. Presumably,
the use of the second catheter could reduce procedure time
by allowing for faster tracking into the pseudoaneurysm
with fewer transitions from injection to wire replacement.
Less catheterization/wire manipulation due to better vessel
mapping could also lead to less risk of dissection or spasm.
These are advantages of the two-catheter technique. Dis-
advantages of the two-catheter technique are the increased
complexity of the procedure and a higher risk of access site
complications. Due to these disadvantages, we do not
recommend the two-catheter technique as a primary pro-
cedure. However, when TAE with the one-catheter tech-
nique is difficult, we recommend the use of the two-catheter
technique to successfully perform TAE.

In patients with severe CA stenosis, the PDA provides
blood flow from the SMA to the upper abdominal organs,
such as the liver, spleen, and upper gastrointestinal tract."”
In this study, embolization did not cause ischemic com-
plications of the upper abdominal organs. However, em-
bolization of the PDA can cause ischemia of the upper
abdominal organs in patients with CA stenosis.'®'” Thus, it
is imperative that the interventionists understand the risk of
ischemic complications.

In conclusion, TAE is an effective treatment for bleeding
from the PDA in patients with CA stenosis. The CA ap-
proach using the two-catheter technique may be a useful
technique in TAE.
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