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Pancreatic adenocarcinoma accounts for only 3% of cancers,
but this highly aggressive disease is the fourth leading cause
of cancer-related death.1 High mortality rates are related to
advanced stage at presentation with greater than 50% of
newly diagnosed patients presenting with distant
metastases2. Resection offers the only chance of cure; there-
fore, determining surgical eligibility is the most important
initial objective. Treatment options for pancreatic cancer
include a combination of surgery, chemotherapy, and radia-
tion. However, less than 15% of patients are candidates for
resection at diagnosis and 94% of patients will die within
5 years of diagnosis.3,4 Given the multiple therapeutic teams
involved in care, patients with pancreatic cancer should be
managed by a multidisciplinary team. Outcomes remain
disappointing for patients with presumed resectable disease
as recurrence is frustratingly common. Adjuvant chemother-
apy is now routinely given postoperatively as it improves
median survival.5–7

All treatment for patients with metastatic disease is
palliative. Ameta-analysis of publishedfindings from clinical
trials of patients with disseminated disease showed
improvement in survival among patients who receive
chemotherapy. For many years, gemcitabine was the treat-

ment of choice.8 The PRODIGE trial demonstrated superior
disease-free, metastatic-free, and overall survival with
FOLFIRINOX compared with gemcitabine.9 Additionally, the
MPACT study demonstrated that the addition of nab-pacli-
taxel to gemcitabine improved overall survival compared
with gemcitabine alone.10

Cytoreduction

Primary Tumor
Stage III pancreatic cancer involves a major blood vessel
without distant metastasis. Based on the degree of vascular
involvement, stage III cancers are divided into two cate-
gories: locally advanced pancreatic cancer (LAPC) and bor-
derline resectable pancreatic cancer (BRPC). LAPC is confined
regionally without evidence of metastatic disease but with
either greater than 180-degree encasement of either the
celiac/hepatic artery or with superior mesenteric vein (SMV)
or portal vein (PV) occlusion without a technical option
for reconstruction. LAPC is considered inoperable due to
technical difficulty in achieving negative margins at
surgical resection. Less than 40% of patients with LAPC
who receive neoadjuvant chemotherapy achieve adequate
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Abstract Interventional radiologists have multiple points of involvement in the treatment and
management of patients with pancreatic adenocarcinoma. There is increasing interest
in cytoreductive treatment of the primary tumor as well as metastatic disease via
arterial and ablative techniques. The focus of this article is on the current evidence for
pancreatic irreversible electroporation. For patients undergoing curative surgery or
terminal palliation, interventional radiology canmanage complications and symptoms.
In this article, therapeutic and palliative options in this group of patients including
postoperative embolization, biliary drainage, and stent placement are reviewed.
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tumor regression to undergo curative intent resection.11

Tumors that blur the distinction between resectable and
LAPC are deemed BRPC. These tumors abut the SMA, result in
severe impingement of the SMV or PV, encase the gastro-
duodenal artery (GDA), or invade the colon/mesocolon. This
subgroup accounts for 5 to 10% of pancreatic carcinoma
patients and has disease too advanced to achieve a negative
marginwith immediate surgery but may be able to achieve a
clear surgical margin after neoadjuvant therapy. The true
benefit of neoadjuvant therapy in BRPC patients remains
incompletely characterized as there are no randomized
phase III trials to date.12,13

Thermal ablation using microwave, cryoablation, or radio-
frequency has been used sparingly to treat patients with
LAPC secondary tomorbidity andmortality related to thermal
injury to relevant structures resulting in pancreatitis, duode-
nal perforation, pancreatic leak, and bleeding.14 The central
retroperitoneal location of the pancreas as well as the mesen-
teric vascular involvement poses a challenge to ablative tech-
niques including decreased efficacy due to heat sink and the
risk for vascular damage or thrombosis. Irreversible electro-
poration (IRE) is a predominantly nonthermal ablative tech-
nique which differs from the aforementioned strategies since
IRE induces cellular apoptosis with preservation of the extra-

cellularmatrix. IRE delivers targetedmillisecond, high-voltage
electrical pulses that induce cell membrane permeability by
generating defects on a nanoscale in the lipid bilayer. This
causes irreversible permeabilization of the cell membrane
resulting in cellular apoptosis.15–17 The ability of IRE to
permanentlydamagesoft tissues and leavestructuralmatrices
and blood vessels intact makes IRE a potentially appealing
option for patients with LAPC and vascular encasement.

NanoKnife (Angiodynamics, Queensbury, NY) is the only
commercially available IRE device at this time. The procedure
is performed under general anesthesia to allow for complete
muscle paralysis and cardiac monitoring (►Fig. 1). The 19-
gauge probes are placed either percutaneously via CT gui-
dance or at open surgery in pairs arranged 1.5 to 2.0 cm apart
to bracket the tumor. The generator delivers short, high-
voltage pulses across the electrode pairs in synchronization
with the R-wave on the electrocardiogram to prevent
arrhythmias. IRE is indicated for tumors less than 4.0 cm
in axial diameter and inclusion of 5 mm of normal tissue is
recommended to ensure a sufficient ablation margin.18

Numerous studies have demonstrated the relative safety of
IRE when used in close proximity to vessels due to the lack of
effect on the extracellular matrix.19 Currently, open surgical
probe placement for IRE is more commonly used than

Fig. 1 Unenhanced computed tomographic images obtained during pancreatic irreversible electroporation. Note two probes traversing bowel
and terminating in close proximity to branches of the celiac axis (a) and the superior mesenteric artery (b). Contrast-enhanced images obtained
immediately following removal of the probes demonstrates normal enhancement of the celiac axis (c) and the superior mesenteric artery
(d) without vascular injury.
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percutaneous placement. The open surgical approach avoids
the challenges of overlying viscera during placement of the
probes andprovides theopportunity to evaluate formetastatic
disease, potentially saving thepatient fromundergoing a futile
procedure. However, given the high perioperative morbidity
associatedwith open surgery, the percutaneous approachmay
be preferable in patients with low performance status. In a
large systematic review, Moris et al reported that significant
toxicities were more common following open or laparoscopic
IRE and the percutaneous approach conveyed lower complica-
tion rates.20Complications of IRE, frequently classified accord-
ing to the Clavien-Dindo classification system, have been
described. Common low-grade complications include anor-
exia, dehydration, gastritis, nausea, vomiting, andpancreatitis.
Severe complications include upper gastrointestinal bleeding,
pulmonary embolus, and bowel perforation. In the PANFIRE
study of 25 cases, 11 patients developed grades I to II and 9
developed grade III complications.21 Huang et al reported
three major complications in 70 patients treated with laparo-
scopic IRE: a bleeding pseudoaneurysm, a pancreatic fistula,
and an intra-abdominal abscess.22 Narayanan and colleagues
reported the following complications following percutaneous
IRE: 23% of patients experienced abdominal pain, 14% devel-
oped pancreatitis, 16% developed a hematoma, 2% developed
duodenal stenosis, and 2% developed PV thrombosis.23 These
results demonstrate that IRE is safe with a relatively low
morbidity rate and most studies demonstrate few grade IV
or V complications.

Evaluating the therapeutic response at imaging of any
nonsurgical treatment for pancreatic cancer is a challenge
since therapies may not result in regression of the malignant
fibrous stroma. IRE shares these limitations, as expected
posttreatment imaging changes are largely unknown. Ani-
mal models using contrast-enhanced CT demonstrate awell-
demarcated hypodense ablation zone following IRE. These
findings have not been validated in human studies. The
desmoplastic changes surrounding pancreatic tumors may
increase the challenges in identifying and quantifying the
ablation zone on CT.24 Early posttreatment contrast-
enhanced CT scans frequently demonstrate edema and fat
stranding, making the ablation zone appear larger thanwhat
is actually achieved.18 This finding can be incorrectly
assumed to represent progression of disease. Stabilization
in size of the ablation zone and the development of granula-
tion tissue typically occurs 6 to 8 weeks after IRE; therefore,
any increase in volume after this period, enhancement, or
new vascular involvement may well represent recurrence.
The limitations of imaging surveillance in the posttreatment
period is best highlighted by Katz et al in 2012, where 122
patients with borderline resectable disease underwent var-
ious neoadjuvant therapies and imaging response was
recorded according to RECIST criteria.25 Using RECIST, 12%
of patients demonstrated partial response, 69% had stable
disease, and 19% had progressive disease. Of the 85 patients
who underwent pancreatectomy, 81 received R0 resec-
tions.25 This study validates the poor correlation of estab-
lished imaging response criteria with pathologic response in
pancreatic cancer.

The absolute survival benefit of pancreatic IRE remains to
be determined. One of the earliest prospective studies eval-
uated the use of IRE in the setting of unresectable cancer. This
study found that IRE in conjunction with chemotherapy or
radiotherapy increased local progression-free survival, dis-
tant progression-free survival, and overall survival when
compared with patients with stage III disease treated with
chemotherapy or radiotherapy alone.26 In 2015, Martin et al
published a 200-patient registry where patients received
chemotherapy or chemoradiation prior to IRE alone (150
patients) or IRE and resection (50 patients). Median overall
survival in this heterogeneous groupwas 24.9 months.27 In a
registry review of 152 patients with LAPC, 144 and 42
patients had neoadjuvant chemotherapy and radiation,
respectively. IRE was associated with a 13% major complica-
tion rate and 2% mortality. Median time to progression,
progression-free survival, and overall survival were 27.3,
22.8, and 30.7 months, respectively.28 The IMPALA study
was not as positive. This single-center prospective cohort
study included LAPC patients undergoing resection or IRE
after neoadjuvant therapy. In this prospective trial, the
median overall survival in patients receiving IRE was similar
to patients receiving palliative care and was less than those
undergoing resection.29 The relative and ultimate role of IRE
for pancreatic adenocarcinoma remains unknown.

Metastatic Disease
Palliative systemic chemotherapy outcomes have improved
over the last decade.9,10,30 For patients with dwindling
systemic options and adequate performance status, abla-
tion or intra-arterial therapy may be performed. Tumor
ablation is performed primarily in the setting of oligometa-
static disease with tumor diameters of 3 cm or less
(►Fig. 2). For larger tumors or more diffuse hepatic metas-
tases, arterial therapy can potentially be used (►Fig. 3).
Importantly, in patients with a disrupted sphincter of Oddi
from either stent placement or surgery, antibiotic prophy-
laxis with moxifloxacin is appropriate to limit the risk of
postprocedural infection (►Fig. 4) related to the colonized
bile ducts.31 Kim et al recently published multicenter out-
comes in 33 patients with metastatic pancreatic adenocar-
cinoma treated with Yttrium-90 radioembolization.32 The
median survival following radioembolization was 8.1
months and grade III or greater complications were
reported in 15% of patients, some of which may have
been related to previous chemotherapy (aphthous ulcer
formation and neuropathy).

Palliative Biliary Interventions in
Nonresectable Patients

Although endoscopy plays a large role in biliary decompres-
sion, interventional radiology is commonly involved in treat-
ing patients who have had previous surgery with Roux-en-Y
anastomosis or in primary tumors when endoscopic stent
placement is unsuccessful. Biliary drainage can increase
neoadjuvant chemotherapy options and relieve symptoms
related to hyperbilirubinemia.33

Seminars in Interventional Radiology Vol. 36 No. 3/2019

Ablative, Endovascular, and Biliary Interventions for Patients with Pancreatic Cancer Hevert et al. 205

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



The approach for percutaneous transhepatic biliary drai-
nage (PTBD) is based on a combination of operator prefer-
ence and patient anatomy. Patientswith obstruction distal to
the confluence of the right and left hepatic ducts typically
require only unilateral biliary drainage for successful decom-
pression.34 In this scenario, there are potential advantages to
starting on either the left or right side. The left approach is
performed via a subxiphoid approach, limiting the postpro-
cedure pain associated with intercostal puncture associated
with right-sided access. The anterior drain position allows for
easier self-care. The right-sided approach decreases the
complexity of angles to manipulate catheters and wires
across the occlusion and also decreases operator radiation
exposure. Anatomically, the right lobe is typically larger than
the left and will allow for more rapid decompression.

Neoadjuvant gemcitabine and irinotecan (part of FOLFIR-
INOX) arebothextensivelymetabolizedby theliver, a potential
issueforpatientspresentingwithbiliaryobstruction.35Hyper-
bilirubinemia increases the risk for hepatotoxicity with these
regimens.35–38 Thornton et al assessed the efficacy of total
serum bilirubin reduction via PTBD and which factors were
most significant in achieving the clinical goal of normalization
(defined as serum bilirubin � 1) in 148 patients.37 A baseline
bilirubinof 9mg/dL or lesswasmore likely tonormalize (55vs.
22%, p < 0.001). Patients with complete liver drainage had a
much higher probability of reaching bilirubin normalization

(hazard ratio, 2.73; 95% confidence interval [CI], 1.56–4.78;
p < 0.001) than thosewith undrained ducts. At 100 days after
intervention, the cumulative incidence of bilirubin normal-
ization was 49% for complete drainage versus only 17% for
incomplete drainage. Patients with elevated international
normalized ratio were much less likely to obtain bilirubin
levels less than 2 mg/dL (p ¼ 0.002).

Stent Placement
Following biliary drainage, a permanent implant to maintain
duct patency helps maintain patients’ quality of life (►Fig. 5).
The first available devices were plastic endoprostheses, but
these were limited by high rates of occlusion and migration.39

The use of metal stents increased potential luminal diameter,
raisingpatency rates anddecreasingneed for reintervention.33

Metal stent patency at 6 months ranges from 43 to 81%.40

Covered stents have improved patency. Randomized pro-
spective trials comparing covered versus bare metal stents
demonstrated superior patency rates with covered stents.
Isayama et al reviewed 112 patients and demonstrated stent
occlusion in 8 patients (14%) after a mean of 304 days in the
covered group, compared with 21 patients (38%) at a mean of
166 days in the bare group.41 Cumulative patency of covered
stents was also significantly higher than that of uncovered
stents (p ¼ 0.0066). Krokidis et aldemonstratedcoveredstents
significantly improved primary patency rates compared with

Fig. 2 A 54-year-old woman underwent a Whipple procedure for pancreatic carcinoma and developed a solitary right liver metastasis 3 months
after surgery (arrow, a). The tumor was treated with microwave ablation and immediate postablation scan (b) demonstrated a minimum 1 cm
margin. At 1-month follow-up imaging, the ablation zone (c, arrow) contracted without evidence of residual tumor. This approach allowed the
patient to remain off chemotherapy until developing a greater metastatic burden.

Fig. 3 A 73-year-old woman with oligometastatic disease from pancreatic cancer (arrows, a). C-arm computed tomography at mapping
angiography confirmed supply to the two tumors from the right hepatic artery (arrows, b). Follow-up scanning after treatment demonstrated a
partial response in the treated masses (arrows, c).
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bare stents (p ¼ 0.007).42 Covered stents are more prone to
migration. In a prospective randomized trial, zero uncovered
and eight (12%) covered stents migrated (p ¼ 0.0061).43

Complications of Percutaneous Transhepatic Biliary
Drainage and Stent Placement
Interventional radiology can manage the vast majority of
procedural complications.33 One of the most common
immediate complications is hemobilia. Most cases are
related to drain sideholes crossing a PV branch. These
patients can be managed by drain repositioning or upsizing.
The drainage of bright red blood and/or hemodynamic
instability should generate heightened index of suspicion
of an arterial bleed.44 Fidelman et al reported arterial injury
in 2.2% of drainage procedures (►Fig. 6). Onset can be
delayed weeks to months following drainage due to tampo-
nade by the drainage catheter.45 At angiography, both the
catheter and groin should be sterilely prepped. The bleeding

site may initially be obscured due to tamponade from the
catheter. Repeat angiography after catheter removal over a
guidewiremay help identify the injured branch and facilitate
embolization.

Interventional Radiology Management of
Postoperative Complications following
Pancreaticoduodenectomy

Pancreatic Leak
The most common postoperative complication following pan-
creatic resection is the development of an abdominal fluid
collection or abscess resulting from a pancreatic, biliary, or
enteric leak. The incidenceof suchfluid collections ranges from
9 to 34% depending on the extent of pancreatic resection.46,47

Thesefluid collectionsmaybemanaged conservatively, though
interventional radiology is consulted if the clinical status of the
patient worsens or surgically placed drains do not adequately

Fig. 4 A 60-year-old man with a large left lobe metastasis from acinar tumor of the pancreas (a). He had previously undergone a Whipple
procedure. Radioembolization was planned but at mapping his lung, shunt fraction was 37% (b). He was treated instead with bland embolization
and developed an abscess which filled the necrotic tumor bed (c, arrow). As the tube continued to have high daily output, contrast injection was
performed which delineated a biliary fistula (arrow, d). This patient was premedicated with moxifloxacin but developed an abscess despite
prophylaxis.
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Fig. 6 A 52-year-old woman status post biliary drainage for pancreatic malignancy reported bright red blood in her drainage bag. Initial
cholangiography revealed communication with the hepatic artery (arrow, a). Emergent embolization was performed and final angiography
demonstrated no further communication (b).

Fig. 5 A 63-year-old man who had previously undergone a Whipple procedure with a Roux-en-Y anastomosis developed recurrence at the
resection margin with biliary dilation (a, arrows). Percutaneous cholangiography and drainage were performed (b) followed by metal stent
placement (c, arrow) at the anastomosis. Follow-up cholangiography documented stent patency and a mature bilicutaneous tract (arrow, d) and
the tube was removed.
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manage the collection. A large portion of postoperative fluid
collections/abscesses are caused by pancreatic fistulas. Post-
operative pancreatic fistula (POPF) represents a failure of
healing/sealing of a pancreatic-enteric anastomosis or par-
enchymal leak not directly related to ananastomosis.48Clinical
findings include abdominal pain, distension, delayed gastric
emptying, fever, white blood cell count greater than 10,000,
and increasing C-reactive protein. The presence of a POPF is
defined as any fluid collection with an amylase three times or
greater than that of serum on postoperative day 3 or more.48

According to the International Study Group on Pancreatic
Fistulas (ISGPF), POPFs are graded A, B, or C according to the
clinical impact on the patient’s hospital course.49 Grade B
POPF involves radiology simply adjusting existing drain place-
ment, whereas grade C involves new image-guided drain
placement or relaparotomy. Large-bore (up to 24F) catheters
maybeneeded forpurulentdrainage and/or viscouspancreatic
contents.33 Undrained pancreatic fluid collections containing
pancreatic enzymes can erode into blood vessels resulting
in post-pancreatectomy hemorrhage (PPH). Baker et al
reported that percutaneous drainage of abdominal fluid
collections secondary to POPF was the most beneficial adjunc-
tive therapywith 94% of fistula patients being treated success-
fully with only minimally invasive procedures.49 Sohn et al
have reported that only 4.8% of patients undergoing post-
operative abscess drainage later required reexploration.50

Biliary Leak
Postoperative biliary complications, specifically those directly
related to hepaticoenterostomy, remain a major cause of
morbidity to patients. The incidence of bile leakage after
hepaticojejunostomy ranges from 0.4 to 8%.51 Similar to pan-
creatic leaks, the International Study Group of Liver Surgery
(ISGLS) defines bile leakage as bilirubin concentration in drain
fluid that is at least three times the serum bilirubin concen-
tration on or after postoperative day 3 or the need for addi-
tional intervention in associated bilomas.52 Postoperative bile
leakage is graded A, B, or C based on impact on management:
grades B and C involve active intervention without and with
relaparotomy, respectively. Interventional radiology assists in
the treatment of postoperative bile leakage by performing

percutaneous transhepatic cholangiography (PTC) and/or
PTBD. PTBD decreases pressurewithin thebile ducts, assisting
healing at the disrupted anastomosis.49 In a nondilated biliary
system, clinical success is feasible in 65 to 75% of attempts.34

These drainages are more challenging (►Fig. 7) due to the
diminutive nature of nondilated ducts and rapid intraductal
contrast drainage in the absence of a downstream obstruc-
tion.33 In the series published by Baker et al, no patients who
underwent PTC/PTBD required relaparotomy for treatment of
biliarycomplications.However, 56%ofpatientswithPTBDalso
requiredpercutaneousdrainageof additional intra-abdominal
fluid collections.49

Postpancreatectomy Hemorrhage
When comparing the major postoperative complications of
pancreatic resection, PPHhas the lowest incidence (<10%), but
highestmortality (up to 38%).46,53Yekebas et al concluded that
PPH alone was a predictor of increased mortality, as 16% of
patients with PPH died compared with 2.3% without PPH.54

The International Study Group of Pancreatic Surgery grading
system (A, B, or C) for PPH is based on three factors: onset,
location, and severity.46 Time of onset is broken up into early
and late PPH. Early PPH occurs less than 24 hours postopera-
tively and is often caused by stump insufficiency due to
technical failureofGDAligationorperioperativecoagulopathy.
Late PPH occurs greater than 24 hours postoperatively. Late
PPH is caused by complications from the operation, including
the following: intra-abdominal abscess, ulceration at the
anastomosis, erosion of a vessel secondary to pancreatic
fistula, or a pseudoaneurysm. The location of PPH is classified
as either intraluminal (ILH) or intra-abdominal/extraluminal
hemorrhage (ELH). Findings of ILH include hematemesis,
bloody nasogastric tube aspirate, andmelena. ELH can present
with hemorrhage via surgical drains. Initial management of
ILH is usually endoscopic, while ELH is more commonly
managed by interventional radiology. It should be noted that
a scenario of false ELH can occur secondary to ILH with
coexisting anastomotic disruption. The severity of PPH is
classified as mild (<3 g/dL hemoglobin decrease with no
clinical decompensation) or severe (decrease in hemoglobin
> 4 g/dL and/or need for reintervention).46

Fig. 7 A 44-year-old woman with bilious output from her surgical drain following a Whipple. The ducts were nondilated, and after access was
successfully achieved, cholangiography demonstrated primary output into the bowel via the drain (arrow, a). The draining jejunal limb was able
to be accessed (arrow, b) and the leak healed after several weeks of drainage (arrow, c).
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Fig. 8 A 55-year-old man with postsurgical pancreatitis resulting in hematocrit drop and sanguineous output via his surgical drain. Computed
tomography revealed a sizable pseudoaneurysm in the splenic artery (arrow, a). Angiography (b) demonstrated significant outflow and the distal
splenic artery was catheterized and coiled (c). Ethyl vinyl copolymer was injected to fill the pseudoaneurysm and feeding artery (arrow, d). Final
angiography was performed via the superior mesenteric artery and demonstrated occlusion of the pseudoaneurysm with downstream perfusion
of the spleen (arrow, e) via collaterals.

Fig. 9 An 81-year-old man following a Whipple with pancreatic leak and a pseudoaneurysm arising from the superior aspect of the proximal superior
mesenteric artery (arrow, a, b). This was crossed and a balloon expandable covered stent was placed (c). Follow-up imaging demonstrated persistent filling
(arrow, d) and a type 1 endoleak was suspected. A microcatheter was advanced alongside the covered stent (e) and ethyl vinyl copolymer was injected.
The proximal stent graft was dilated and the leak resolved.
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Interventional radiologist participates in the diagnosis and
treatment of PPH via embolization or potentially endovascu-
lar-covered stent placement (►Fig. 8). Prior to angiography,
computed tomographic angiography (CTA) is typically
obtained which characterizes the cause, site, and nature of
bleeding. Unenhanced, arterial, and venous phases in the CTA
are imperative to accurately localize the source of bleeding.53

PPH can be preceded by a sentinel bleed that usually presents
as low-volume bleeding without hemodynamic instability.
This clinical scenario is an indication for immediate angiogra-
phy, as there is a 76% incidence of PPH within 14 to 85 hours
from the sentinel bleed.54,55 The most common site of major
PPH is the GDA stump. However, the common hepatic artery
(CHA), superiormesenteric artery (SMA)branches, and splenic
artery/vein can all be a source of PPH. Even in the setting of an
unidentifiable source on CTA, catheter angiography of the
celiac axis and SMA is a reasonable next step, given the high
associated mortality. Vasospasm and vessel irregularity are
indirect signs of bleeding sources and empiric embolization is
often reasonable.53 Embolization as a definitive therapy has a
success rate ranging from 77 to 88%.33 Covered stents are used
for defects in the common hepatic or superior mesenteric
arteries to preserve distal flow (►Fig. 9). Involvement of the
CHAorothermajor largebloodvessels can result inmore rapid
extravasation with associated morbidity and mortality. If a
pseudoaneurysm persists after embolization, direct thrombin
injection from a percutaneous approach may be attempted if
the site is appropriately accessible.56 The use of a multidisci-
plinary approach to treat PPH can greatly reduce patient
morbidity and improve outcomes. In fact, a series published
bySanjayet al showednopatient required a relook laparotomy
for uncontrolled bleeding after interventional radiology was
successful in stenting or embolization. This is of great signifi-
cance, considering relaparotomy in this patient populationhas
a mortality rate of 13 to 60%.57

Conclusion

Interventional radiology plays an integral role in managing
surgical complications following attempted curative resec-
tion of pancreatic adenocarcinoma. There may be further
growth opportunities in CT-guided IRE based on the lower
toxicity compared with open ablation, although the optimal
utilization of this technology needs further research. Arterial
and ablative approaches have a role in treating appropriately
selected patients with liver metastases or oligometastatic
disease elsewhere.
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