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Abstract
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During pancreaticoduodenectomy in patients with celiac axis (CA) stenosis due to
compression by the median arcuate ligament (MAL), the MAL has to be divided
to maintain hepatic blood flow in many cases. However, MAL division often fails,
) . and success can only be determined intraoperatively. To overcome this problem,
First decision: September 29,2021 ¢ performed endovascular CA stenting preoperatively, and thereafter safely
Revised: October 7, 2021 performed pancreaticoduodenectomy. We present this case as a new preoperative
Accepted: January 22, 2022 treatment strategy that was successful.
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CASE SUMMARY

A 77-year-old man with a diagnosis of pancreatic head cancer presented to our
department for surgery. Preoperative assessment revealed CA stenosis caused by
MAL. We performed endovascular stenting in the CA preoperatively because we
knew that going into the operation without a strategy could lead to ischemic
complications. Double-antiplatelet therapy (DAPT) - which is needed when a
stent is inserted - was then administered in parallel with neoadjuvant chemothe-
rapy (NAC). This allowed us to administer DAPT for a sufficient period before the
main pancreaticoduodenectomy procedure while obtaining therapeutic effects
from NAC. Subtotal stomach-preserving pancreaticoduodenectomy was then
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performed. The operation did not require any unusual techniques and was performed safely.
Postoperatively, the patient progressed well, without any ischemic complications. Histopatholo-
gically, curative resection was confirmed, and the patient had no recurrence or complications due
to ischemia up to six months postoperatively.

CONCLUSION
Preoperative endovascular stenting, with NAC and DAPT, is effective and safe prior to pancre-
aticoduodenectomy in potentially resectable pancreatic cancer.

Key Words: Pancreaticoduodenectomy; Celiac axis stenosis; Median arcuate ligament; Endovascular
stenting; Pancreatic head cancer; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Celiac axis stenosis (CAS), caused by the median arcuate ligament, is an anatomical anomaly
that should be noted when performing pancreaticoduodenectomy. In this case, an endovascular stent was
placed preoperatively to recanalize the stenotic celiac axis, allowing the patient to safely undergo radical
surgery without concern for intraoperative organ perfusion. The point to be highlighted with this
preoperative strategy, was the use of double-antiplatelet therapy following endovascular stenting, during
the interval when for neoadjuvant chemotherapy for pancreatic cancer (PC), thus providing a rational and
effective combination of the two preoperative treatments for patients with PC and CAS.
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INTRODUCTION

Celiac axis stenosis (CAS) - caused by the median arcuate ligament (MAL) - often hinders blood flow to
the upper abdominal organs, particularly the liver, during pancreaticoduodenectomy([1-4]. This is
because the gastroduodenal artery (GDA), which is responsible for maintaining hepatic blood flow
during the procedure, needs to be dissected. The most common intervention to maintain hepatic arterial
flow is intraoperative MAL division[1,5,6], which fails to recanalize the arterial flow in 30%-40% of cases
[1,4,7]. Additionally, the success of MAL division can only be determined intraoperatively and, in case
of failure, surgeons must choose to either undertake a complex revascularization or abandon the
resection intraoperatively.

Recently, neoadjuvant chemotherapy (NAC) has become a common preoperative treatment for
pancreatic cancer (PC)[8,9]. NAC improves the overall survival of patients with PC and is usually
required for 2-3 mo, or more, depending on the necessary treatment regimen. To eliminate concerns
about MAL compression prior to the scheduled pancreaticoduodenectomy, we undertook preoperative
endovascular celiac axis (CA) stenting. Double-antiplatelet therapy (DAPT) was subsequently
administered to avoid stent obstruction, with the NAC for PC continuing concurrently. Herein, we
report on a reasonable and effective preoperative strategy that combines NAC for PC and endovascular
stenting for MAL compression.

CASE PRESENTATION

Chief complaints
A 77-year-old man was referred to our department with a progressively enlarging pancreatic head mass.

History of present illness
The patient had been followed-up for intraductal papillary mucinous neoplasm of the pancreas for 20
years, with no significant changes in the periodically scheduled examinations until half a year ago.
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In the last six months, a tumor of approximately 30 mm became visible on the pancreatic head and
diagnosed as cancer after further investigation.

History of past illness

The patient had undergone robot-assisted laparoscopic prostatectomy for prostate cancer six years prior,
as well as endoscopic submucosal dissection for early gastric cancer two years prior. He had a
pacemaker implanted for atrioventricular block two years prior.

Personal and family history
The patient had no family history of PC or genetic disorders.

Physical examination
The patient’s appetite was normal, and he had no weight loss or abdominal pain. Stool was normal with
no history of constipation or diarrhea. Furthermore, jaundice was not observed.

Laboratory examinations

Laboratory results included an elevated carbohydrate antigen 19-9 (CA19-9) level of 308.5 U/mL, but
the carcinoembryonic antigen level was normal. Other results, including diabetes indices such as HbAlc
and glycoalbumin levels, were within normal limits. Bilirubin levels were also normal.

Imaging examinations

Computed tomography (CT) revealed a 30 mm pancreatic head tumor with poor enhancement in the
early phase (Figure 1A). The tumor had not invaded the major vessels including the common hepatic
artery, CA, and the superior mesenteric artery (SMA) and superior mesenteric vein. No metastatic
lymph nodes and metastases to distant organs were apparent. Three-dimensional reconstruction images
showed developed collateral pathways around the pancreatic head (Figure 1B and C). In the sagittal
view, the CA was compressed by the MAL, which developed caudally (Figure 1D). Endoscopic
retrograde cholangiopancreatography revealed stenosis in the main pancreatic duct (MPD) and biopsy
from the stenotic site of the MPD detected adenocarcinoma.

FINAL DIAGNOSIS

He was diagnosed with cT2NOMO (8" edition of the UICC-TNM classification) pancreatic head cancer
comorbid with CAS caused by MAL.

TREATMENT

A pancreaticoduodenectomy was planned due to the diagnosis of pancreatic head cancer. To secure
hepatic blood flow, endovascular stenting of the CA was undertaken prior to the surgery. After
successful endovascular stenting, DAPT was administered to avoid stent obstruction, with NAC for PC
continuing concurrently.

On aortography, the CA could not be visualized, and severe stenosis of the CA was suggested
(Figure 2A). It was difficult to achieve an antegrade approach to the CA directly from the aorta because
the root of the CA was severely stenotic, and the root was strongly bent. Therefore, we planned to
approach the CA retrogradely from the SMA via the collateral pathway.

The procedure was initiated by placing sheaths in the right and left common femoral arteries. A 4Fr
shepherd hook catheter (Angiomaster?, Terumo, Tokyo, Japan) was selectively inserted into the SMA
through the left sheath. Next, we used a triple-coaxial system to reach the CA[10]. In the triple coaxial
system, a 2.7 Fr high flow catheter (Bishop HF, Piolax Medical Devices, Yokohama, Japan), a 1.9 Fr
micro catheter (Carnelian®Marvel®?, Tokai Medical Products, Aichi, Japan), and a 0.014-inch micro
guidewire (Jupiter™ FC, Boston Scientific, Marlborough, MA, United States) were used. Because the
guidewire was as fine as 0.014-inch, it was possible to break through the stenosis of the CA (Figure 2B).
The microguidewire that reached the aorta was grasped with a snare (Atrieve™ Vascular Snare Kit,
Argon Medical Devices, TX, United States) inserted through the right sheath and pulled out of the body.
Then, a guiding sheath (Parent Plus*60, Medikit, Tokyo, Japan) was inserted into the CA using the pull-
through technique. A balloon expandable stent (Express™ LD vascular stent, Boston Scientific,
Massachusetts, United States) was successfully deployed in the CA and an additional stent was used to
reinforce the stenotic lesion. Finally, stent dilation was performed with a balloon (Mustang™ Balloon
Dilatation Catheter, Boston Scientific, Massachusetts, United States). Aortography demonstrated CA
patency and antegrade flow, and the procedure was completed (Figure 2C).
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Figure 1 Pre-treatment imaging findings. A: There was a tumor, with poor contrast, in the pancreatic head on computed tomography (CT) imaging. Red
arrowheads: the tumor; B and C: Three-dimensional reconstruction imaging showed developed collateral pathways around the pancreatic head. One connected the
superior mesenteric artery (SMA) and common hepatic artery (CHA) via the gastroduodenal artery (GDA) and another connected the SMA and splenic artery (SPA)
via the dorsal pancreatic artery (DPA); D: The sagittal view of the CT showed celiac axis (CA) stenosis due to compression by MAL which developed caudally. Yellow
arrows: GDA,; yellow arrowheads: CHA; yellow asterisks: DPA; yellow dotted arrows: SPA,; red asterisks: MAL; red arrow: CA; red dotted arrow: SMA.
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DAPT was started the day after stent insertion, and NAC was introduced on day 5. DAPT consisted
of oral 100 mg aspirin and 75 mg P2Y,,inhibitor once daily. NAC regimen was gemcitabine plus S-1
therapy, which consisted of intravenous gemcitabine at a dose of 1000 mg/m? on days 1 and 15 and S-1
orally at a dose of 60 mg twice daily on days 1-14 of a 28-d cycle. DAPT continued for 12 wk and two
courses of NAC were administered. The preoperative course is shown in Figure 3.

After completing preoperative treatment, subtotal stomach-preserving pancreaticoduodenectomy
was performed (Figure 4A). Since the CA flow was sufficient before the surgery, the surgical procedure
was routinely performed, without any special intraoperative techniques. After clamping the GDA, we
confirmed good blood flow in the proper hepatic artery (PHA) by palpation, then dissected the GDA.
There was no need to preserve the collateral pathways that continued to the DPA or GDA, so we
dissected them and obtained an adequate SMA-margin. When dissecting these collateral pathways, we
confirmed that the PHA flow remained pulsatile as an indicator that the blood flow in the CA was
adequate. We did not apply the MAL division due to concerns regarding stent dislocation induced by
dissection procedures near the stent.

OUTCOME AND FOLLOW-UP

Postoperatively, the transaminase level was transiently elevated which quickly improved, and there
were no complications related to liver ischemia. No delayed gastric emptying due to decreased gastric
blood flow occured, and the patient was able to resume eating four days post-surgery. The patient
developed a Grade B postoperative pancreatic fistula (POPF), based on the International Study Group of
Pancreatic Surgery grading, but no specific treatment other than drainage was needed[11]. The POPF
did not cause any complications, such as hemorrhage and abscess, and the patient was discharged on
postoperative day 39. Both the patient and his family were satisfied.

The pathological diagnosis was pancreatic adenocarcinoma, pT1cNOMO, the cancer was StagelA
based on the Eighth edition of the UICC-TNM classification, and the pathological treatment effect was
graded as IIb based on the Evans classification[12,13]. Since no viable cancer cells were observed in the
resected margin, RO resection was achieved (Figure 5).
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Figure 2 Preoperative endovascular stenting. A: In preoperative aortography, the superior mesenteric artery (SMA) was visualized immediately, but the
celiac axis (CA) was not visualized. Black asterisks: SMA; B: The microguidewire reached the CA via a collateral pathway from the SMA using a triple coaxial system;
C: Final aortography confirmed CA patency and antegrade blood flow. Red arrowhead: Root of the CA; yellow arrowhead: Root of the SMA; yellow line: Running of

wire.
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Stent patency was confirmed by CT imaging up to six months postoperatively, and the patient had no
complications related to liver ischemia (Figure 4) and no recurrence.

DISCUSSION

This case report introduces the procedure and outcome of a preoperative treatment strategy for
pancreatic head cancer comorbid with CA stenosis due to compression by the MAL, which combined
NAC for cancer and endovascular stenting for MAL compression.

CAS is often observed and reportedly present in approximately 4% to 10.5% of patients undergoing
pancreaticoduodenectomy|[7,14]. If the GDA is dissected while performing pancreaticoduodenectomy,
hepatic blood flow disappears and hepatic ischemia may occur, leading to complications such as liver
failure, liver abscess, and bile leakage[l-4]. There are various causes of stenosis, such as MAL
compression, atherosclerosis, and arthritis; however, the most common cause is MAL compression[1,
15]. In this case, MAL compression was diagnosed preoperatively, allowing us to intervene preoper-
atively to maintain hepatic blood flow.

In MAL compression, MAL division is often selected because it is easy and quick. However, while
MAL division is simple, it is not reliable, because the CA often does not recanalize and hepatic blood
flow is not secured even if the MAL is divided.

Through a comprehensive literature review using the MESH term “pancreat(ic)oduodenectomy and
celiac axis stenosis”, we identified 108 cases in which the patients underwent pancreaticoduodenectomy
and had MAL compression (Table 1). In a literature review of cases in which an intervention was
performed for MAL compression, 90.4% underwent MAL division. However, hepatic arterial flow could
not be restored in 21.2% of patients despite MAL division. The reason for the failure of MAL division in
recanalizing the CA was scarring of the arterial wall caused by longstanding stenosis[16]. In this case,
the CT images from approximately 10 years ago already showed signs of MAL compression, which
suggested that blood flow might not resume even if the MAL was divided. Additionally, according to a
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Table 1 Literature review of previous cases which had median arcuate ligament compression and underwent

pancreaticoduodenectomy[24-37]

Factor Subject No. of cases (n = 108)
Age yr, median (range) 61 (38-91)"
Sex Male/ female 30/19"
Diagnosis Ampullary cancer 4
Bile duct cancer 10
Pancreatic head cancer 33
Others 4
None described 57
Preoperative detection of CAS Yes 97
No 9
None described 2
Procedure MAL division 66
Revascularization 5
Stenting 1
Preservation of collateral pathway 1
No 85
Outcome Success 91
Especially MAL division 52
Failure 17
Especially MAL division 14
Additional procedures Revascularization 7
Stenting B
Reoperation 3
No 3’
Complications related to CAS Liver abscess 3
Organ ischemia 2
Anastomotic leakage 3

1 Among those described.
ZIndicates some duplication.
CAS: Celiac axis stenosis; MAL: Median arcuate ligament.

previous report which classified MAL compression morphologically by stenosis rate, length of stenosis,
and distance between the stenosis and the aorta, these factors were useful in predicting procedures that
would be required during the operation. The authors found that MAL division was often ineffective,
and revascularization or preservation of the collateral pathways were required, in cases of severe
stenosis (stenosis rate of 80% or more) and with a small distance between the stenosis and the aorta[4].

The failure of MAL division can only be determined intraoperatively, and in these situations
surgeons have to make a choice that is detrimental to the patient i.e., complex revascularization or
abandonment of the surgery. Hepatic arterial revascularization during pancreaticoduodenectomy may
result in substantial risk of postoperative hemorrhage - possibly related to POPF - and should be
avoided. In previous reports, some cases of CAS had postoperative hemorrhage in the revascularized
area[17,18].

NAC has become a common treatment for PC in recent years and is recommended by the NCCN
guidelines. NAC is usually administered at an interval of 2-3 mo before radical surgery. With this
background, we developed a preoperative strategy to eliminate concerns regarding MAL compression.

In our case, we applied stenting to the CA preoperatively, allowing CA recanalization and hepatic
blood flow to be confirmed prior to the operation. Furthermore, DAPT was required to avoid stent
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Figure 3 Clinical course timeline. DAPT: Double-antiplatelet therapy; HBT: Heparin-bridging therapy; SAPT: Single-antiplatelet therapy; CA19-9: Carbohydrate
antigen 19-9; GEM: Gemcitabine; SSPPD: Subtotal stomach preserving pancreaticoduodenectomy.

Figure 4 Intraoperative view and postoperative computed tomography images. A: Subtotal stomach preserving pancreaticoduodenectomy was
performed. White arrowhead: stump of gastroduodenal artery; B and C: Postoperative computed tomography imaging confirmed patency of the celiac axis.

obstruction, and could also be performed during the NAC treatment period. Clearly, the combination of
these two treatments was reasonable. One of the aims in administering NAC is, primarily, to reduce
postoperative recurrence. A recent study found that failure of CA19-9 to normalize from preoperatively
elevated levels, by the time of surgery, is a predictor of early postoperative recurrence[19]. For our
patient, the normalization of the initially very high levels of CA19-9 upon NAC during DAPT, and the
preservation of stent patency during the same period, were helpful. The duration of DAPT was
determined by referring to the antithrombotic therapy guidelines for patients with coronary artery
disease, specifically antithrombotic therapy after percutaneous coronary intervention[20]. MAL division
may also be an option to avoid stent obstruction, even after the CA stenting. However, we did not
perform MAL division in this case because the risk of dislocating the stent during this procedure defeats
the purpose of stenting.
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Figure 5 Pathological findings. Tumor mapping on the divided surface of specimens. The resected specimen showed a shrunken invasive tumor with a 12-mm
diameter in the pancreatic head. Red circle: Viable tumor site.

JBaishideng®

Interventional radiology (IVR) for vascular stenosis is performed in various diseases. However, there
are few reports regarding the adaptation of IVR for MAL compression, since MAL division is often
performed. This case is the first report of the use of the combination of NAC, stent, and DAPT. There is
no reason to perform MAL division in addition to this method, and there are no reports of MAL
division performed after stenting in existing literature.

Clinical diagnosis of MAL compression is essential for preoperative intervention. In the literature
review, a preoperative diagnosis was made in most of the cases (91.5%), indicating that preoperative
diagnosis is relatively easy. This high proportion of preoperative diagnosis is thought to be due to the
widespread use of multidetector CT and the high recognition of MAL compression[1]. Although the
definitive diagnosis of blood flow disturbance by MAL compression can only be made intraoperatively,
color doppler ultrasound is a useful diagnostic technique because it is easy and non-invasive[1,3,5].

Intraoperative procedures other than MAL division are used to preserve the collateral pathway, but
these surgical techniques are complicated. Additionally, MAL division may impair the curativeness of
cancer, so its indications are limited to benign tumors and inflammatory diseases[5,7], and it is not
recommended for malignant PC, such as in our case. We were able to dissect the collateral pathway
around the SMA and ensure the SMA-margin.

This method has two limitations. First, it requires a high level of skill for stenting in the case of MAL
compression. There are previous reports of failure in cases of stenting[21-23]. It is hoped that IVR
techniques will become more widespread and improve in the future. Second, the optimal time between
stent insertion and radical surgery has not yet been investigated. In this case, since the patient had PC,
NAC was administered and sufficient DAPT could be administered during the same period. However,
in diseases where NAC is not a common treatment, such as biliary tract cancer, it may worsen the
primary disease.

Thus, preoperative simulation and maintenance of skills, such as MAL division and revascular-
ization, remain important for surgeons.

CONCLUSION

Preoperative stent insertion followed by a combination of NAC and DAPT is a safe way to perform
pancreaticoduodenectomy; therefore, this procedure may be an effective preoperative treatment
strategy.
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