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Abstract

Radiofrequency ablation (RFA) of pancreatic neoplasms
is restricted to locally advanced, non-resectable but non-
metastatic tumors. RFA of pancreatic tumors is nowa-
days an ultrasound-guided procedure performed during
laparotomy in open surgery. Intraoperative ultrasound
covers the mandatory role of staging, evaluation of fea-
sibility, guidance and monitoring of the procedure. Dif-
ferent types of needle can be used. The first aim in the
evaluation of RFA as a treatment for locally advanced
pancreatic ductal adenocarcinoma, in order of evalua-
tion but not of importance, is to determine the feasibil-
ity of the procedure. The second aim is to establish the
effect of RFA on tumoral mass in terms of necrosis and
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cytoreduction. The most important aim, third in order of
evaluation, is the potential improvement of quality of life
and survival rate. Nowadays, only a few studies assess
the feasibility of the procedure. The present paper is an
overview of RFA for pancreatic adenocarcinoma.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Ductal adenocarcinoma is the most common primary ma-
lighancy of the pancreas, and represents 80% of malignant
pancreatic tumors! . Pain, anorexia and weight loss are
common symptoms, even in eatly stages. Tumors of the
pancreatic head frequently cause obstruction of the com-
mon bile duct and present with jaundice. Tumors of the
body/tail of the pancreas may grow to a large size before
obvious symptoms appearm. Macroscopically, pancreatic
ductal adenocatcinoma is a white/yellow and firm mass

with infiltrating epithelium that recapitulates ductal struc-
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tures. Microscopically, it is composed of infiltrating glands
surrounded by dense and reactive fibrous tissue'. Highly
aggressive adenocarcinomas are characterized by the pres-
ence of intratumoral fibrosis and necrosis, typically with a
reduction of the microvascular density and perfusionm.

Diagnostic imaging aims to correctly detect and chat-
acterize the tumor, thus playing an important role in the
management of pancreatic ductal adenocarcinoma. Con-
ventional ultrasonography (US) is often the initial noninva-
sive imaging modality chosen for the first evaluation of the
pancreas, as it is inexpensive, easy to petform and widely
available"”. The detection of a solid hypoechoic mass
should be considered to be a ductal adenocatcinoma until
proven otherwise. Contrast-enhanced US can better char-
acterize and stage pancreatic tumors already detected by
US™, thus differentiating between solid and cystic lesions
and influencing the choice of further examinations. A solid
hypovascular pancreatic mass has to be considered a ductal
adenocarcinoma until proven otherwise and requires com-
puted tomography (CT) confirmation and staging, more
than 95% of cases, pancreatic ductal adenocarcinoma is
diagnosed at an advanced stage[sl, with locally advanced
(presence of perineural and vascular invasion) or metastatic
disease (commonly in the liver, lungs, peritoneum and
adrenal glands) 2367, Prognosis and treatment approach de-
pend on the resectability or non-resectablility of the lesion
at presentation[()]. Thus, only 10%-20% of patients are can-
didates for surgery', whereas in most cases, there is worse
survival™ and only palliative therapies are feasible.

Palliative therapies for advanced pancreatic adeno-
carcinoma consist of chemotherapy to give both local
and systemic effect and radiotherapy for local effect.
Endo-prosthesis positioning, biliary and pancreatic anas-
tomosis, or ethanol ablation of the celiac plexus for pain
relief represent further palliative procedures.

Radiofrequency ablation (RFA) of pancreatic ductal
adenocarcinoma builds on its positive experiences in the
liver. In fact, ablation therapy petformed on the liver, usu-
ally minimally invasive through a percutaneous approach,
provides extremely favorable results ™', Thus, the first
aim in the evaluation of RFA as a treatment for locally
advanced pancreatic ductal adenocarcinoma, in order of
evaluation but not of importance, is to determine the fea-
sibility of the procedure. Nowadays, only few studies that
are mainly concerned with the feasibility and complica-
tions of the procedure have been reported“z’m. The sec-
ond aim is to establish the effect of RFA on tumoral mass
in terms of necrosis and cytoreduction. This is the same
endpoint of radiotherapy, but with a possible better effect
in terms of extent and type of tumor necrosis for RFA,
even if performed during open surgery. The most impoz-
tant aim, third in order of evaluation, is the improvement
of quality of life and survival rate.

INDICATIONS

RFA of pancreatic neoplasms is restricted to locally ad-
vanced, non-resectable but non-metastatic tumors. The
resectability of a lesion represents an absolute exclusion
criterion, because surgical resection is the treatment of
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choice. The presence of metastatic spread again repre-
sents an exclusion criterion. At preoperative imaging, the
eligibility is related to the presence of a locally advanced,
non-resectable pancreatic solid mass in the absence of any
sign of metastatic spread, including ascites.

The anatomical complexity of the pancreatic and peri-
pancreatic regions in which the pancreatic ductal adeno-
carcinoma grows makes the procedure of RFA different
from that in other regions. In fact, independent from
tumor size, the necrotic area must not overcome the le-
sion owing to the required safety margins in respect to the
contiguous main vascular and digestive structures. There-
fore, RFA has become a palliative treatment and could be
included in a combined therapeutic plan.

The indications depend on the different clinical pre-
sentations related to the site of the obstructive or non-
obstructive tumors. Non-obstructive tumors are usually
located in the body/tail of the pancreas. These neoplasms
do not need immediate surgical treatment and neoadjuvant
chemotherapy represents the first choice. The absence of
distant metastases and a good local response to therapy
are expected at the post-treatment restaging evaluation.
Resectable masses are treated surgically, whereas RFA can
be performed in cases of non-resectable tumor. Obstruc-
tive tumors are usually located in the pancreatic head and
frequently cause obstructive jaundice that promptly requires
endoprosthesis positioning or derivative treatment and sub-
sequent neoadjuvant chemotherapy. The presence of a re-
sectable mass leads to surgical treatment, whereas RFA can
be performed in cases of inveterate non-resectable tumor.

RFA TECHNIQUE

RFA of pancreatic tumors is nowadays an ultrasound-
guided procedure that is performed during laparotomy in
open sutgery (Figure 1). Intraoperative ultrasound (IOUS)
covers the mandatory role of staging, evaluation of feasibil-
ity, guidance and monitoring of the procedure (Figure 2).

The malignant nature of the lesion has to be con-
firmed pathologically before the procedure. Then, pre-
surgical imaging staging needs confirmation. In particular,
metastatic spread in the peritoneum (under inspection
and extemporary histology of suspicious lesions, eventu-
ally present) and liver (under IOUS with extemporary
cytology of doubtful lesions, eventually present) must
be excluded. RFA will not be petformed if the lesion is
found resectable at IOUS, or if metastatic liver lesions are
detected. The occurrence of very small lesions or those
that envelop the main vessels without a true mass is a con-
traindication for the procedure. However, the possibility
of RFA must be at first evaluated at preoperative imaging.

IOUS has to confirm the safety and feasibility of the
RFA procedure without any tisk of damage to the contig-
uous vascular and digestive structures, especially the duo-
denum. Tumor shape and diameters technically influence
the procedure (approach, choice of needle and opening
of the electrodes).

Two main types of needle are now available. In a
needle with expandable electrodes, the electrodes can be

opened from the top (Figure 3A) or the back (Figure 3B)
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Figure 1 Radiofrequency ablation procedure. Ultrasound-guided radiofrequency
ablation performed during laparotomy in open surgery.

Figure 2 Intraoperative ultrasound monitoring. A: Needle with expandable
electrodes is opened in the pancreatic hypoechoic mass under intraoperative
ultrasound guidance; B: During radiofrequency ablation, the ablation zone be-
comes hyperechoic.

of the needle. In the first case, the tip of the needle has
to stop immediately prior to the lesion and electrodes
(up to nine) open up and widen into the lesion. It is also
possible to treat small tumors because the device can be
opened at different degrees in relation to the size of the
requested ablation zone. However, the flexibility of the
electrode is not a negligible disadvantage in the treatment
of very hard tumors. In the second case, by using a needle
with electrodes coming from the back during the opening
procedure, the electrodes (usually four) open up at about
2 cm behind the tip and move towards the outside. After
complete opening, the electrodes arrive at the same level

1494
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Figure 3 Needle with expandable electrodes. The electrodes can be opened into
the lesion from the top (A) or from the back (B) of the needle.

Figure 4 Needle with single electrode. Single elec-
trode of the needle in the lesion.

as the central needle tip. As a consequence, for correct
positioning, the needle has to pass completely through the
lesion, and the presence of the central needle for at least
2 cm within the mass assutes the electrodes enter the neo-
plastic tissue. The central needle crossing throughout the
mass and the stiffer electrodes guarantee excellent stability,
even in the presence of hard tumor. On the other hand,
the required introduction of the needle throughout the
lesion for at least 2 cm can represent a disadvantage with
respect to the dimensions and location of the tumor.

In a needle with a single electrode (Figure 4), the length
of the area that has to be treated depends on the uncovered
portion of the electrode. The width of the treated area
depends on both the length of the uncovered portion and
the time of ablation. The first type of needle produces a
spherical/ovoid necrotic atea, with a diameter ranging from
2 to 5-6 cm, depending on the needle and the electrode
opening. The second type produces a cylindrical necrotic
area ranging from 1 to 3 cm, depending on the extension
of the uncovered metallic portion of the needle.

As reported above, the shape and dimension of the
tumor influence the choice of the needle. For example, in
the case of rounded lesions, even if located in the head of
the pancreas, the first type have to be chosen, whereas, to
treat ovoid lesions, the second type of needle is preferred.
The latter is also preferable for very small lesions with
patticularly difficult access and/or location; choosing the
needle with a lower caliper (17 rather than 14 gauge) and
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taking advantage of the cool tip for safer placement.

After laparotomy, the gastrocolic ligament is divided
to access the pancreas. For most tumors localized in the
pancreatic head, after Kocher maneuver a cold wet gauze
is placed over the inferior vena cava to protect it from
heat, to reduce maximally the risk of complications. The
duodenum is continuously perfused with cold saline solu-
tion through a nasogastric tube. Simultaneously, instilla-
tion of cool water to the areas around the tumor has to be
performed during ablation.

IOUS guides the ablation procedure, mainly during
the needle positioning and opening of the electrodes into
the lesion (Figure 2A). During treatment, the tip of the
needle and the electrodes must be kept at almost 5 mm
from the sensitive structures such as the duodenum and
peri-pancreatic vessels, as previously reportedm’w]. The
correct needle positioning and electrode opening are fol-
lowed by setting of the parameters for the procedure.
These parameters differ depending on the system used.
The time setting usually ranges from 5 to 10 min. The
power supply affects the temperature directly, and the
treated volume indirectly. Some systems also allow evalu-
ation of impedance, which increases with the develop-
ment of necrosis during the procedure. The temperature
at the tip of each electrode can be monitored, thus as-
suring a more uniform distribution of the temperature in
the mass. The temperature setting depends on the treat-
ment aims. Since protein denaturation begins at 50-60°C,
the higher temperatures used during the procedure
achieve homogeneous necrosis. On the other hand, the
use of too high temperatures (105°C) increases the risk
of complications, without a favorable effect. Hence, dur-
ing the ablation procedure of a pancreatic mass, middle-
range temperatures are usually applied (90°C). During the
procedure, monitored with ultrasound, the tumor gradu-
ally becomes hyperechoic owing to the gas produced
inside the treated lesion (Figure 2B). This sign can be
used to confirm the radiofrequency effect that monitors
the integrity of the sensitive surrounding structures, as
described previously[m]. At the end of the procedure, the
electrodes have to be closed and the needle removed.

The post-treatment IOUS evaluation has to assess the
volume of the resultant hyperechoic treated area. The pres-
ence of incomplete necrosis with a significant hypoechoic
neoplastic remnant can be treated again. When technically
possible, a biliary and gastric bypass is required for pan-
creatic head tumors"”. In particular, Siriwardena ez al'®
have recommended that no patient should undergo lapa-
rotomy simply for ablation, but the procedure should be
used only in patients in whom palliative bypass is required
or non-resectable disease is found at surgery. As a conse-
quence, intraoperative RFA of tumor of the pancreatic
body, which is non-resectable at imaging, seems unac-
ceptable at this time, but it could be justifiable if positive
survival results in large populations are found.

Moreover, in the future, endoscopic or percutaneous
approaches for ablation of these tumors, under local
anesthesia with sedation, ate expected, as occurs in other
regions.
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Figure 5 Pancreatic ductal adenocarcinoma after radiotherapy. A: Longitu-
dinal color Doppler scan of the lesion, with hypoechoic infiltration of the superior
mesenteric artery; B: Longitudinal contrast-enhanced ultrasonography scan of the
hypovascular lesion.

FEASIBILITY AND COMPLICATIONS

Only a few studies have focused on the feasibility and
complications of RFA, and none of these have reported
major intraoperative complications'>'>'*"". Hadjicostas
et al'", based on results obtained in four patients, have
concluded that RFA seems to be a feasible, potentially
safe and promising option in patients with advanced and
non-resectable pancreatic cancer. Girelli ¢/ al™ based on
results obtained in 50 patients, showed that RFA of locally
advanced pancreatic cancer is feasible and relatively well
tolerated, with a 24% complication rate. In a previously
published series of 16 patients, however, a mortality rate
of 25% was reported, with all deaths in patients treated
for pancreatic head tumor and complicated with massive
gastrointestinal hemorrhage!™”. However, the temperature
applied exceeded 90°C and no protective/refrigeration
practices were utilized. On the contrary, in the Girelli
series in which the procedure was performed with protec-
tive/refrigeration practices, the reported mortality rate
was 2%. Moreover, in the same series in the second part
of the study, by using a temperature of 90°C, the compli-
cation rate decreased to 8%!"%.

Postoperative observation (clinical surveillance, labora-
tory tests and imaging studies) is mandatory because of
the potential for major or minor, eatly or later complica-
tions. The most frequent complications encountered in
the earlier postoperative period (within 1 wk) are fluid
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collection, pancreatic fistula, duodenal perforation and
vascular damage. At later times, digestive or abdominal
bleeding, infections or abscesses are more common. Se-
vere acute pancreatitis is a rare complication'’: in Girelli’s
study, there was only one case, and none was reported in
Wu’s study' >, Major complications frequently are pres-
ent with RFA of pancreatic head tumors, mainly owing to

the closeness of the duodenum. These lesions are more
difficult to treat, as reported previously!”.

TECHNICAL RESULTS AND
POSTOPERATIVE IMAGING

The necrotic area obtained by RFA is complete. In com-
patison with radiotherapy (Figure 5), the RFA-treated area
(Figure 6) is completely avascular at perfusion imaging,
Immediate ultrasound evaluation is useful for identifica-
tion of possible fluid collections. In the presence of clini-
cal suspicion of major complications, CT is mandatory.
Dynamic studies after the administration of contrast
agents, usually starting 1 mo after the procedure, are per-
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Figure 6 Pancreatic ductal adenocarcinoma
before and after radiofrequency ablation. A:
Axial contrast-enhanced ultrasonography (US)
scan of the hypovascular lesion; B: Axial contrast-
enhanced US scan of the avascular lesion after
radiofrequency ablation.

Figure 7 Pancreatic ductal adenocarcinoma
before and after radiofrequency ablation. A:
Contrast-enhanced computed tomography (CT)
of pancreatic head lesion that appears hypodense
and vascularized at perfusion CT (right side); B:
Contrast-enhanced CT of the lesion after radiofre-
quency ablation, which appears hypodense and
avascular at perfusion CT (right side).

formed to detect the intratumoral necrotic area produced
by RFA.

Postoperative imaging of RFA of the pancreas dif-
fers from that of the liver. With hepatocellular carcinoma,
detection of the ablated area after treatment is immediate
because of the hypervascular nature of the tumor. On the
contrary, ductal adenocarcinoma is markedly hypovascu-
lar, such that after the procedure, the identification of the
necrotic area with respect to residual viable tumor tissue
can be difficult (Figure 7). It is more important to assess
the type and extent of the post-ablation necrotic area,
rather than the presence of remnant tumor. In treating
pancreatic tumors, the presence of residual viable tumor
at the periphery of the treated area is an intrinsic aspect
of the procedure. This is the other important difference
in comparison with RFA of the liver, in which the lesion
must be covered by the necrotic area. On the contrary, in
RFA of the pancreas, the necrotic area must be included
in the tumor (Figure 8).

All these particular features of pancreatic RFA have to
be considered during postoperative imaging. Precise and
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Figure 8 Ablation zone on target lesion. A: Necrotic ablation zone (dotted grey)
must covered the hepatocellular carcinoma (white); B: Necrotic ablation zone (dotted
grey) must be included in the pancreatic ductal adenocarcinoma (grey).

accurate dynamic imaging evaluation, such as contrast-en-
hanced US or perfusion CT (Figures 6 and 7), is necessaty.

CLINICAL RESULTS AND FUTURE VIEW

RFA of locally advanced pancreatic neoplasms is cut-
rently performed under ultrasound guidance in open
surgery during laparotomy, with the palliative aim of
tumor reduction in a combined therapeutic plan. Mini-
mally invasive laparoscopic or percutaneous approaches,
as in other regions, are expected.

The primary endpoint, represented by improvement in
quality of life, has been achieved, given that the treatments
obtain excellent pain relief' >, In particular, in the series
of Wu et al'”, pain relief was reported in 50% of cases, and
in 68% in the series of Girelli"”. Pain relief seems not to
be related to ablation necrotic volume. Girelli ¢z a/' have
reported a decreased of CA 19-9 concentration 7 d after
surgery.

Regarding the more ambitious clinical endpoint, sig-
nificant results about improved survival are still missing,
At this time, only one study has investigated survival in
a group of 25 consecutive patients, which showed a sig-
nificant difference in survival between RFA and control
groups in patients with stage T disease!”. Further studies
are needed to validate the reported preliminary results, to
evaluate a possible correlation with tumor markers even-
tually expressed during the preoperative period, and pat-
ticulatly, to validate the technique.

CONCLUSION

RFA of locally advanced, non-resectable but non-meta-
static, pancreatic tumors is a feasible palliative treatment
that leads to tumor reduction and improved quality of life.
Further studies are needed to validate therapeutic strate-
gies and associations for the best possible results on sut-
vival.
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