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Abstract

Celiac artery (CA) occlusion or stenosis is identified in up to almost half of all patients
undergoing abdominal angiography, and the resulting increased collateral blood flow
from the superior mesenteric artery to the pancreaticoduodenal artery (PDA) may
cause PDA aneurysms (PDAASs). PDAAs are rare but could be fatal if they rupture.
However, treatment of the PDAA could block this important collateral blood flow
pathway, leading to ischemic organ damage. Treatment of such aneurysms is therefore
difficult, especially in patients with multiple PDAAs. Successful treatment of PDAAs
requires establishing blood flow in the CA region and selecting which aneurysm(s)
to treat. We present four patients who underwent surgery for unruptured PDAAs
caused by CA obstruction. Blood flow in the CA region was established by bypass-
ing the splenic artery and by anastomosing it either directly to the left renal artery
(n = 1) or to the abdominal aorta using a graft (saphenous vein: n = 1; artificial vessel:
n = 2). Three patients had multiple PDAAs: all PDAAs were treated in one patient with
PDAAs of similar size and shape, but only the largest PDAA with the highest risk of
rupture was treated in the other two patients to simplify the procedure. The median
observation period was 19.5 months (range: 11-28 months), and all patients were alive
without recurrence at the time of writing. Surgical treatment including splenic artery
bypass may thus be a viable option for treating patients with unruptured PDAAs.
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CA occlusion results in increased blood flow from the SMA to the pan-

Pancreaticoduodenal artery aneurysms (PDAA) are a subtype of vis-
ceral artery aneurysm (VAA).? The incidence of VAAs is extremely
low, ranging from 0.01% to 0.2%,>* and PDAAs comprise only 2%
of all VAAs.*7

PDAAs are associated with stenosis or occlusion of the celiac ar-
tery (CA) or superior mesenteric artery (SMA) in 50%-80% of patients.?

creaticoduodenal artery (PDA), which not only compresses the PDA
and leads to aneurysm formation, but also makes the PDA itself an
important collateral blood vessel.8 Compensatory hyperdynamic flow
through the SMA-PDA-gastroduodenal artery (GDA)-hepatic artery
vasculature is thought to be the result of CA stenosis or occlusion.”’
Because of the high risk of rupture, the 2020 Society for Vascular

Surgery clinical practice guidelines recommend treatment for

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. Annals of Gastroenterological Surgery published by John Wiley & Sons Australia, Ltd on behalf of The Japanese Society of

Gastroenterology.

182 www.AGSjournal.com

Ann Gastroenterol Surg. 2023;7:182-189.


http://www.AGSjournal.com
https://orcid.org/0000-0003-0164-7685
mailto:﻿
https://orcid.org/0000-0002-5015-1697
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:ashimizu@shinshu-u.ac.jp

KUBOTA ET AL.

PDAAs regardless of their size.'° This is in contrast to the previous
recommendation for VAA treatment of a measurement of >2 cm.>*
Additionally, for unruptured PDAAs, the guidelines recommend
open surgery for revascularization and CA reconstruction in cases of
CA stenosis or occlusion.’

However, because unruptured PDAAs are even rarer, there is
no consensus on how to establish blood flow to the CA region.
Furthermore, it is difficult to determine from cases of ruptured
aneurysms measuring <2 cm whether treatment of all PDAAs is
mandatory. To address this issue, in this study, we treated four sur-
gical cases of unruptured PDAA with CA occlusion using splenic
artery (SA) bypass to establish blood flow to the CA region. The
key treatment principles that we followed in these cases were (1)
maintaining or normalizing blood flow to organs originally supplied
by the CA, and (2) selecting the aneurysm to be treated, in cases
of multiple aneurysms; thus, simplifying the procedure. In this re-
port, we discuss our experience with these four surgical cases of
unruptured PDAA with CA occlusion or stenosis, using SA bypass.

2 | PATIENTS AND SURGICAL TECHNIQUE

2.1 | Patients

Four consecutive patients with PDAA treated at our institution be-
tween January 2020 and July 2021 were enrolled in this study. The
patients' clinicopathological variables, preoperative imaging find-

ings, and surgical procedures are summarized in Table 1.

2.2 | Surgical technique

There are two procedures for SA bypass to establish blood flow in
the CA region: (1) Left renal artery (LRA)-SA bypass, which involves
direct anastomosis of the SA to the LRA. First, the LRA is secured
to evaluate calcification and atherosclerosis to confirm that the LRA
is suitable for bypass. Next, the SA is identified at the cephalic side
of the pancreas. The SA is sufficiently separated from the pancreas
then ligated and resected. The SA is then passed through the dorsal
side of the pancreas, and the LRA and SA are anastomosed side-
to-end (Figure 1A, Video S1). (2) Abdominal aorta (AA)-SA bypass.
This procedure is performed when LRA-SA bypass is impossible.
AA-SA bypass requires a graft, and the great saphenous vein (GSV)
(Figure 1B) or an artificial vessel (Figure 1C,D) are options.!! In pa-
tients receiving artificial vessels, antiplatelet medications should be
administered. The graft should pass dorsal to the mesentery. There
are ventral and dorsal pancreatic routes, and the route that facili-
tates anastomosis between the graft and the SA should be selected.
If the dorsal pancreatic route is chosen, it is important to note that
a GSV graft may be pushed and bent by the pancreas, which is what
occurred in Case 2 (Figure 1B). However, this was not a concern

in the cases in which we used an artificial blood vessel with a ring
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TABLE 1 Patients' characteristics and the surgical outcomes

Parameter Total (n = 4)
Background characteristic
Age, years® 67 (57-75)
Sex
Male 2 (50)
Female 2 (50)
BMI, kg/m? 22.2(18-24.9)
Symptoms
None 4(100)
Preoperative comorbidity
Hypertension 3(75)
Diabetes mellitus 2 (50)
Respiratory disease 1(25)
Cerebrovascular disease 1(25)
Social history
Smoking 1(25)
Alcohol drinking 1(25)
Number of aneurysms
1 1(25)
2 1(25)
3 1(25)
24 1(25)
Number of aneurysms measuring >15mm
1 3(75)
2 1(25)
Aneurysm size, mm? 20.5 (17-36)
Celiac artery obstruction 4 (100)
Surgical outcomes
Surgical procedure for vascular reconstruction
LRA-SA bypass 1(25)
AA-SA bypass 2 (25)
LCIA-SA bypass 1(25)
With or without a graft
Direct artery anastomosis without a graft 1(25)
With a graft 3(75)
Great saphenous vein 1(25)
Artificial vessel 2 (50)
Aneurysm treatment
Resection 3(75)
IVR (Coiling) 1(25)
Planning of the procedure
One-stage surgery 3(75)
Two-stage surgery 1(25)

Note: Values in parentheses are percentages unless indicated otherwise.
Abbreviations: AA, abdominal aorta; BMI, body mass index; IVR,
interventional radiology; LCIA, left common iliac artery; LRA, left renal
artery; SA, splenic artery.

2Median (range).
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FIGURE 1 Surgical procedure for pancreaticoduodenal artery aneurysmal (PDAA) repair. Left panels: aneurysm treatment. Middle panels:
schemas after surgery. Blood flow after the treatment is also illustrated. Right panels: postoperative imaging. A, Case 1. All PDAAs were
ligated and dissected. Left renal artery (LRA) to splenic artery (SA) bypass procedure: The splenic artery was divided, and the SA and LRA
were anastomosed end-to-side. B, Case 2. The PDAA was ligated and dissected, and the SA was divided. The SA and abdominal aorta (AA)
were anastomosed end-to-side using a graft from the great saphenous vein (GSV). C, Case 3. The aneurysm was in the anterior superior
pancreaticoduodenal artery (ASPDA). The inflow and outflow vessels were anastomosed after aneurysm dissection. An artificial blood
vessel and the SA and AA were anastomosed end-to-side. D, Case 4. An artificial blood vessel and the SA and left common iliac artery were
anastomosed end-to-side. Only the largest aneurysm was embolized by coiling 7 days after surgery. 3D, three-dimensional; CA, celiac artery;
CHA, common hepatic artery; CT, computed tomography; DSA, digital subtraction angiography; IPDA, inferior pancreaticoduodenal artery;
LCIA, left common iliac artery; LGA, left gastric artery; MRI, magnetic resonance imaging; PIPDA, posterior inferior pancreaticoduodenal
artery; RGEA, right gastroepiploic artery; SMA, superior mesenteric artery; SMV, superior mesenteric vein



KUBOTA ET AL.

(Propaten®; W.L. Gore & Associates, Inc.) (Figure 1C). For anasto-
mosis of the abdominal aorta, select a site that is without calcifica-
tion and easy to anastomose. In Case 4, the aorta was tortuous, and
the left common iliac artery was easy to anastomose because it was
perpendicular to the graft. The next step is treating the PDAA. In
this study, if interventional radiology (IVR) was possible, treatment
of the PDAA with coiling was selected (Figure 1D). If this procedure
was not possible, the PDAA was dissected directly, the inflow and
outflow vessels were ligated, and the aneurysm wall was opened and
then sutured to prevent bleeding (Figure 1A,B, Video S1). After the
PDAA was treated, the inflow and outflow vessels were anastomo-
sed, if possible (Figure 1C, Video S2). This procedure also ensured
blood flow to the CA region. We believe that the risk of untreated
aneurysmal rupture improves after bypass surgery because blood
flow in the PDA is normalized. If there were multiple aneurysms and
the aneurysm with the highest risk of rupture was clearly identified,
we considered prioritizing the treatment of this aneurysm and not
treating the other aneurysms (Figure 1C,D). This treatment strategy
simplifies the surgery and preserves the collateral blood vessels. As
a result, complications may be minimized. In such cases, it is always
necessary to consider preoperatively how to treat the untreated
aneurysm(s) if it worsens. Additionally, in this study, PDAA treat-
ment was performed after confirming blood flow in the CA region.
Resection of the PDAA(s) was performed after confirming that blood
flow in the CA region was ensured by palpation, Doppler ultrasonog-
raphy, and a flowmeter. Alternatively, angiography was performed
from the artificial vascular graft to confirm blood flow in the CA re-

gion before coiling.

3 | RESULTS

The patients' and aneurysmal characteristics are shown in Table 1
and Figure 2. Imaging studies showed complete occlusion of the CA
in all patients.

It is important to note that there are many collateral blood
channels between the SMA and CA, which vary from patient to
patient. We evaluated the preoperative status of the dorsal pan-
creatic artery (DPA), which connects the CA and SMA via vessels in
the pancreas, and the left gastric artery (LGA), which supplies blood
flow to the spleen and the tail of the pancreas after SA dissec-
tion. Digital subtraction angiography images of the SMA showed
that both the LGA and DPA were thick and well-defined in Case
1. However, in Case 2, both the LGA and DPA were thin and frag-
ile. In Case 3, the DPA could not be identified, and in Case 4, the
LGA could not be identified. The vascular network of the LGA and
DPA was different in each case (Figure 3A). Only one patient had a
single aneurysm; the remaining three patients had multiple aneu-
rysms (Figure 2). The bypass procedures to establish blood flow to
the CA region were LRA-SA bypass (n = 1), AA-SA bypass with a
GSV graft (n = 1), and AA (n = 1) or left common iliac artery (n = 1)
to SA bypass with an artificial vessel graft. The PDAA treatment
strategies were IVR coil embolization (n = 1) and direct aneurysm
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treatment (n = 3). Treatment of aneurysms in cases of multiple an-
eurysms consisted of treating all aneurysms (n = 1) and treating
only the aneurysm with a high risk of rupture (n = 2) (Figures 1
and 2). Postoperative changes in the PDA dilation and PDAA were
evaluated in the two cases (Case 3 and Case 4) in which we treated
only the aneurysm with a high risk of rupture. The PDA dilation
improved from 5.5 to 2.8 mm in Case 3 and from 7.1 to 3.2mm
in Case 4, pre- and postoperatively, respectively. In addition, the
diameters of the aneurysms that were not directly treated shrank
from 9.6 to 6.2mm in Case 3, and in Case 4, one aneurysm could no
longer be identified, and the diameter of the other aneurysm im-
proved from 9.0 to 7.6 mm, pre- and postoperatively, respectively
(Figure 3B,C). Postoperative complications varied from case to
case and are detailed in Table S1. Case 2 developed graft occlusion,
resulting in ischemic organ damage to the liver, spleen, and pan-
creas during reoperation 1 day after surgery, inducing a pancreatic
fistula and postoperative bleeding. This complication was a stark
reminder of how important it is to ensure reliable blood flow in
the CA region when treating PDAA with CA occlusion. There were
no complications resulting from the separation of the SA from the
pancreatic parenchyma. All patients are currently under follow-up,
with a median follow-up duration to date of 19.5 months (range:
11-28 months). Radical cure was achieved in all patients, and there
has been no recurrence of an aneurysm.

4 | DISCUSSION

The most important treatment strategy concern for unruptured
PDAAs with an occluded CA is how to treat aneurysms that may
rupture while maintaining blood flow to the CA region.*¢

Although the causes of PDAA are varied, the majority of PDAAs
are caused by stenosis or occlusion of the CA.3*710 CA occlusion
has been reported to increase blood flow from the SMA to the infe-
rior PDA and pancreatic arcades, resulting in increased arterial pres-
sure and aneurysm formation.!? If the PDAA is treated first, blood
flow from the SMA through the PDA becomes blocked, and organs
in the CA region may suffer ischemic damage.*® First, it is necessary
to diagnose whether the CA obstruction is median arcuate ligament
syndrome (MALS). In Case 3, the cause was diagnosed as fibromus-
cular dysplasia, and in Case 4, the cause was atherosclerosis. Cases
1 and 2 were diagnosed as having MALS, and the selection of treat-
ment by MAL division or arterial reconstruction was in accordance

with the report of Sugae et al.'*

Bypass was indicated when the ste-
nosis rate was 280%, the length of the stenosis was 28 mm, and the
distance between the stenosis and the aorta was <5mm (Figure S1).
At our institution, we perform LRA-SA bypass.° If anastomosis with
the LRA is difficult, an application of this surgical technique is to
bypass the AA and SA using a graft.

The indication for treatment of some VAAs is an aneurysmal di-
ameter of 22 cm.'® However, it has been suggested that all PDAAs
should be treated regardless of size because there are reports of

rupture of PDAAs smaller than 2 cm.!'*®> However, these reported
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FIGURE 2 Upper panels: Characteristics of the pancreaticoduodenal artery aneurysms (PDAA). A, Case 1. I: AIPDA, 24.0mm; |l: PIPDA,
17.0mm; 111: DPA, 11.2mm; IV: IPDA, 10.1mm; V: IPDA, 7.5mm; VI: J1A, 6.3mm. B, Case 2. I: IPDA, 17.0mm. C, Case 3. |: ASPDA, 30.3mm;
Il: PSPDA, 9.6 mm. D, Case 4. |: PIPDA, 45.6 mm; II: AIPDA, 9.0mm; lll: TPA, 11.3mm. Lower panels: Left panels: schemas of the PDAAs.
Middle panels: digital subtraction angiography. Right panels: 3D-CT angiography. Case 3 underwent contrast-enhanced CT to identify the
thrombus within the aneurysm. 3D, three-dimensional; AIPDA, anterior inferior pancreaticoduodenal artery; ASPDA, anterior superior
pancreaticoduodenal artery; CT, computed tomography; DPA, dorsal pancreatic artery; IPDA, inferior pancreaticoduodenal artery; J1A, first
jejunal artery; PIPDA, posterior inferior pancreaticoduodenal artery; PSPDA, posterior superior pancreaticoduodenal artery; TPA, transverse
pancreatic artery
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FIGURE 3 A, Comparison of the left gastric artery (LGA) and the dorsal pancreatic artery (DPA) in four cases by superior mesenteric
artery digital subtraction angiography. Vessel diameter for each case: Case 1. LGA: 3.1 mm, DPA: 4.2mm. Case 2. LGA: 1.2mm, DPA: 1.1 mm.
Case 3. LGA: 2.3mm, DPA: not detected. Case 4. LGA: not detected, DPA: 2.3 mm. Arrowhead: DPA; arrow: LGA. B and C, Postoperative
changes in the pancreaticoduodenal artery aneurysm (PDAA) and the pancreaticoduodenal artery (PDA). B, Case 3. The PDAA improved
from a preoperative diameter of 9.6 mm (arrow) to a postoperative diameter of 6.2 mm (arrowhead). The PDA also improved from a
preoperative diameter of 5.5mm (arrow) to a postoperative diameter of 2.8 mm (arrowhead). C, Case 4. Upper panels: The PDAA improved
from a preoperative diameter of 9.0 mm (arrow) to a postoperative diameter of 7.6 mm (arrowhead). Lower panels: The PDAA measured
11.3mm preoperatively (arrow) and could not be detected postoperatively. The PDA improved from a preoperative diameter of 7.1 mm

(arrow) to a postoperative diameter of 3.1 mm (arrowhead)

cases were diagnosed after rupture; therefore, blood flow in the
PDA remained high, and intravascular pressure also remained high.
An SA or common hepatic artery bypass supplies blood flow in
the CA region and returns PDA blood flow and intravascular pres-
sure closer to normal.*” In Cases 3 and 4, we treated only the largest
aneurysm in each case, which was a giant aneurysm that was consid-
ered at high risk of rupture, and we left the other smaller aneurysms
untreated, to simplify the procedure. Postoperative follow-up com-
puted tomography (CT) and magnetic resonance imaging showed
that the PDA dilation had disappeared, probably because the SA by-
pass reduced the blood flow and pressure in the PDA (Figure 3B,C).
Notably, the remaining aneurysms also tended to shrink. Aneurysm
rupture is the worst possible outcome and preventing rupture must
be a top priority. To minimize both the risk of rupture and the risk of

organ ischemia, treating only the largest aneurysm after SA bypass
may simplify treatment and reduce complications.

It is likely that some cases are relatively resistant to ischemia of
the CA region and others are susceptible, on the basis of our findings
in this study. There was a clear difference in the degree of devel-
opment of the LGA and the DPA in each case. Case 1 had a well-
developed LGA and DPA, while Case 2 had a thin and weak LGA and
DPA. The digital subtraction angiography findings did not identify
a DPA in Case 3 or LGA in Case 4. In fact, Case 2 was complicated
by ischemic organ damage in the CA region owing to postoperative
graft occlusion. Vascular structures such as those in Case 2 are prone
to hemodynamic disturbance, which may lead to significant ischemic
organ damage due to perioperative complications or graft failure.” In
similar cases, it is effective to perform a revascularization procedure
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to ensure blood flow in the CA region and treat the aneurysm on a
different day.’ In Case 4, as in Case 2, with a weak LGA (Figure 3B),
the PDAA was treated on a different date. An acceptable outcome
and no complications were observed after either procedure. Figure 4
presents a flowchart of our approach to the treatment of PDAA.

As a limitation in our study, we acknowledge that this was a ret-
rospective observation with a limited number of cases from a single
institution, which may have affected the efficacy of the treatment
and the development of complications. However, because PDAAs
are rare and unruptured cases are even rarer,* we believe that our
case series clarifies the characteristics of unruptured PDAAs due to

CA occlusion.

Prioritize the treatment of aneurysms with a clear risk of rupture.
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