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ABSTRACT

Pancreatic cancer provokes pain in more than
80 % of patients, resulting in a management of pain
that is often unsatisfactory due to the limited treatment
options and the significant variation in clinical practice,
emphasizing the need for a multidisciplinary approach.
This article has been redacted to review the literature
and summarize the actual evidence of neurolytic pro-
cedures to treat pain caused by pancreatic cancer.
The sources of these of articles have been obtained
by using PubMed and Medline, restricting the search
to randomized control comparative studies, systemat-
ic reviews, prospective and retrospective studies, and
case series presentations. This article shows the actu-
al evidence of the different approaches for the celiac
plexus and splanchnic nerve neurolysis, regarding its
efficacy, risks, adverse effects, and limitations. The final
objective has been to propose an interventional algo-
rithm that might help to improve pain management in
patients suffering from pancreatic cancer.
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RESUMEN

El cancer de pancreas produce dolor en mas del
80 % de los pacientes, con un manejo analgéesico en
ocasiones insatisfactorio debido a las opciones tera-
péuticas limitadas y a la variacion de la practica clinica,
siendo necesario un manejo multidisciplinar. El desarro-
llo de este articulo ha consistido en revisar la literatura y
resumir la evidencia actual de los procedimientos inter-
vencionistas neuraliticos para manejar el dolor visceral
asociado al cancer de pancreas. La fuente de articulos
de esta revision se ha obtenido a través de PubMed y
Medline, limitando la busqueda a ensayos controlados y
aleatorizados, revisiones sistematizadas, estudios pros-
pectivos y retrospectivos y presentaciones de series de
casos. Se muestra la evidencia actual de los diferen-
tes abordajes para la neurdlisis del plexo celiaco y de los
nervios esplacnicos, describiendo su eficacia, riesgos,
complicaciones y limitaciones. El objetivo final ha sido
establecer una propuesta de algoritmo intervencionista
gue pueda mejorar el manejo del dolor en los pacientes
que sufren dolor visceral debido al cancer de pancreas.
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INTRODUCTION

Pancreatic cancer is one of the solid tumors with
the worst prognosis that exists; ductal adenocarcino-
ma affects more than 90% of pancreatic cancer cas-
es. The 5-year survival is only 5-10% and more than
half of the patients do not survive after the first year
(1). This poor prognosis occurs because the symp-
toms usually appear late, causing that only 10-20% of
pancreatic adenocarcinomas are resectable at diagno-
sis. More than 80% of patients will suffer abdominal
and posterolumbar pain throughout their iliness, 50-
70% referring severe pain (2), largely because this
type of cancer has a range of perineural infiltration
of 80-100% (3). It is therefore essential to control
the pain of these patients, since it often presents as
a challenge for doctors due to its high complexity and
its poor evolution.

The presence of any of the following situations im-
plies a contraindication for intent-to-treat surgery in
pancreatic adenocarcinoma (4): Distant metastasis;
absence of the normal fat plane between the tumor
and the celiac trunk; boxing of the superior mesenteric
artery above 180° of its circumference; invasion of the
vena cava and/or aorta, unresectable involvement of
the mesenteric-portal axis; and lymph node involve-
ment outside the standard resection field. WWhen any
of these situations occur and the pain becomes severe
and refractory to medical treatment according to the
guidelines of the World Health Organization (VWHO)
(5), we can use interventional procedures that have
proven to be highly effective and safety profile, with
a low incidence of serious complications. The proce-
dures range from neurolysis of the celiac plexus and
splanchnic nerves, with their various approaches and
imaging techniques, to spinal infusion and neurastimu-
lation. This review tries to clarify the indications, effec-
tiveness, advantages and disadvantages of neurolytic
techniques aimed at relieving visceral pain associated
with pancreatic cancer.

ANATOMICAL TARGETS

The visceral pain of the upper abdomen is collected
by a special set of afferent nerve fibers clustered in
the celiac plexus and splanchnic nerves (B):

The celiac plexus is located retroperitoneally on the
anterior face of the aorta, at the level of T12 and
L1 vertebrae, in front of the diaphragmatic crura.
This plexus is formed by two or more ganglia arranged
around the celiac trunk and the superior mesenteric
artery, receiving sympathetic fibers from the splanch-
nic nerves and parasympathetic fibers from the va-
gus nerve. The ganglia receive the afferents of the
sympathetic fibers of the digestive tract that go from
the distal third of the esophagus to the splenic angle
of the colon, including sympathetic fibers of the liver,
pancreas, gallbladder, spleen, kidneys, proximal ureter
and adrenal glands, as well as the blood vessels that
form the celiac plexus.

The splanchnic nerves are three nerves that are
born from the thoracic sympathetic chain and are ar-
ranged laterally in the spine: 1) The greater splanchnic

nerve is formed by the sympathetic preganglionic fi-
bers from TS to T9, 2) the minor splanchnic is formed
by the fibers from T10 and T11, and 3) the inferior
splanchnic, by the fibers coming from T11 and T12.
All of them converge on the lateral face of the T11
and T12 vertebrae - ideal place for the performance
of a neurolysis - and run parallel until they cross the
diaphragm and join the celiac plexus.

NEUROLYTIC INTERVENTIONAL PROCEDURES

To prescribe neurolysis in a malignant tumor pro-
cess, patient selection is crucial. The most important
variables to consider are: 1) pain severity, 2) persistent
pain despite medical treatment, with chemotherapy or
radiotherapy, 3) mainly visceral pain, 4) pain that can-
not be treated by other less invasive procedures, and
5) a reduced life expectancy of patients.

There are factors influencing the outcome of the
procedure, such as: 1) The image used (fluoroscopy,
computerized tomography (CT scan], ultrasound or
endoscopic ultrasound); 2) the volume and concen-
tration of the neurolytic agent, since the increase in
both can improve the effectiveness of the blockage,
but also involves a larger risk of complications (7); 3)
the location of the tumor in the viscera, being neurol-
ysis more successful if the tumor is in the head of the
pancreas (92%) than if it is in the pancreas body or tall
(29%]) (8); 4) the extension of the tumor mass, since if
it infiltrates the celiac plexus (9), somatic areas (peri-
toneum, diaphragm) or produces neuropathic pain,
the success rate can be significantly reduced; and 5)
the previous diagnostic block as a positive predictive
factor, but questionable if it is negative in patients with
terminal cancer (10).

Among the general contraindications for the neu-
rolysis of the celiac plexus and splanchnic nerves are:
coagulation disorders (INR> 1.5, thrombocytopenia
<50000); concomitant treatment with antiplatelet
agents and/or anticoagulants (11); the presence of
intestinal obstruction, due to the sympatholytic effect
of the blockage; the inability of the patient to remain in
supine or prone position depending on the approach;
and the tumor invasion of the celiac trunk when our
target is the celiac plexus.

Considering that our targets are the celiac plexus
and/or the splanchnic nerves, we can distinguish in-
terventional procedures according to the approach in
the space, the imaging technique used, and the type
of percutaneous approach:

According to the approach in the space

Posterior: most commonly used classical approach,
performed by fluoroscopy or CT scan, with the pa-
tient in prone position.

Anterior: it can be performed through endoscopic
ultrasound, percutaneous needle guided by ultra-
sound or CT scan, or intraoperatively by laparotomy.
The anterior percutaneous approach is performed
in supine position and requires antibiotic prophylaxis
due to the risk of perforation of intestinal viscera.
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According to the imaging technique used
Each imaging technique has advantages, disadvan-
tages and indications, which are summarized in Table I.
According to the percutaneous approach
Diaphragmatic crura will determine anatomically

whether the blockade performed represents a true
celiac plexus block or if it is a splanchnic nerves block

(Figure 1). If the tip of the needle is placed after the cru-
ra, the splanchnic nerves will be blocked. The needles
arranged at the level of the vertebral body of T11 will
always be behind the crura. Below this level, the crura
becomes posterior and it is inserted into the vertebral
bodies of T12 and L1. At this level, the needles can be
placed both anterior and posterior to crura. The classic
approach of Kappis (12) of needle positioning at the
anterior edge of the vertebral body usually results in a
retrocrural block, demonstrated in subsequent studies
on dead bodies with CT scan (13). To achieve a true

Fluoroscopy

Computerized
tomography

Magnetic
resonance

DIFFERENCES BETWEEN IMAGING TECHNIQUES FOR NEUROLYTIC

TABLE |

PROCEDURES IN PANCREATIC CANCER

— Simple and fast

- High spatial resolution

— Visualization of anatomical
variants of the celiac trunk
and alterations of the
regional anatomy secondary
to the neoplasm

— Visualization of the diffusion
of the neurolytic agent

- High tissue resolution
- No need of contrast
— Does not produce radiation

- Radiation

— Only visualize bone structures

— Need for radiopaque contrast to
rule out complications

- Risk of serious neurological
complications

- Radiation

- Longer performance time

— Risk of serious neurological
complications

— Expensive and not available in all
centers

- Neurolysis of the
celiac plexus and
splanchnic nerves
(only posterior
approach)

- Neurolysis of
the celiac plexus
and splanchnic
nerves (anterior
or posterior
approaches,
preferring the latter
due to lower risk of
complications)

- Neurolysis of the
celiac plexus and
splanchnic nerves
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Fig. 1. Diaphragmatic crura and its anatomical arrangement
as a boundary between retro and transcrural approaches.

block anterior to crura, the needle must be moved fur-
ther so that it is anterior to the abdominal aorta.

Once this issue is clarified, we can classify percuta-
neous approaches as follows (Figure 2):

Transcrural approach: the most commonly used
for the blockage of the celiac plexus (Figure 3). The
patient is placed in prone position, identifying the
vertebral body L1 and advancing a needle on each
side, approximately 7.5 cm from the midline, until
it crosses the diaphragmatic crura and blocks the
plexus.

Retrocrural approach: an approach that has been
classically described for both the celiac plexus block

TRANSAORTICO

TRANSCRURAL

(at the L1 level) and for the splanchnic nerves. In
the pure retrocrural approach, the patient is placed
in prone position and the vertebral bodies of T11
and T12 are located, advancing the needles to the
anterior third of these bodies and thus blocking the
splanchnic nerves.

Transaortic approach: described by Ischia et al.
(14), it is a unilateral approach with the patient in
prone position, accessing from the left side of the
vertebral body of L1 until crossing the aorta and leav-
ing the tip of the needle anterior to it. Blood output
will be appreciated at the moment in which we cross
the artery, with a posterior cessation as soon as we
are anterior to it. It has been found that the risk of
occult bleeding is low since in this area the aorta is
reinforced by diaphragmatic crura and prevertebral
fascia. However, publications are scarce and studies
of larger scientific evidence are needed. Specific con-
traindications for this approach are the presence of
abdominal aortic aneurysm, mural thrombosis and
calcifications.

Transdiscal approach: it is performed under CT
monitoring through the intervertebral disc T12-L1
until reaching the splanchnic nerves. Although the
literature is scarce, this approach theoretically re-
duces the risk of complications such as paraplegia,
pneumothorax and liver or kidney perforation, since
the needle is inserted closer to the midline, being
very useful in patients with anatomical abnormalities
around of the celiac plexus or in patients with organo-
megalies (15,16).

Abdominal approach: normally used under ultra-

sound vision by anterior route.

CLASSICAL PERCUTANEOUS
CELIAC PLEXUS NEUROLYSIS

Percutaneous celiac plexus neurolysis consists in the
destruction of the fibers composing the celiac plexus
by injecting a neurolytic agent, the use of alcohol is

TRANSDISCAL RETROCRURAL

Fig. 2. Main posterior percutaneous approaches for the celiac plexus.
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(11:59)

Fig. 3. Fluoroscopy-guided posterior percutaneous neuro-
lysis of the celiac plexus.

preferred due to its lower affinity for blood vessels com-
pared to phenol. The most commonly used classical
approach is the bilateral transcrural posterior, guided
by fluoroscopy or CT.

In recent years, several randomized controlled tri-
als have emerged that have been analyzed in a sys-
tematic review conducted by Mercadante et al. (17),
demonstrating a larger analgesic effectiveness in a sig-
nificant, although minimal, in the groups in which the
celiac plexus neurolysis was performed compared to
the groups treated with systemic opioids. In addition,
they demonstrated a reduction in opioid consumption in
most studies (18-29) and an improvement in the quality
of life in some of them (20,27,29). Complications were
rare for all approaches, although it was not a primary
variable in any study. In spite of these results, the quality
of all the studies, with the exception of two (24,28),
was poor due to important limitations, such as sample
size, allocation concealment or time to evaluate the
effectiveness of the blockage.

Complications derived from celiac plexus neuralysis
have been published, being uncommon in most cases
(30). It is necessary to know how to differentiate the
expected adverse effects of chemical sympathectomy
from the complications derived from the technique.
A total of 20-42% of patients have hypotension due to
vasodilation secondary to neuolysis. Diarrhea has an
incidence of 10-25%, resolving in the first 48-72 hours.
The presence of low back pain has an incidence that
ranges from 5% to 60% depending on the series. Omal-
gia is also described in 1% of cases, due to diaphrag-
matic irritation. Regarding the percutaneous approach,
complications of the technique are rare (2%]), being

neurological deficit (weakness and extra sensations),
hemorrhagic gastritis, duodenitis, pneumothorax, he-
maturia and death described (3.1) %). Paraplegia is
published with posterior approaches (0.15%]), and may
be due to direct needle injury of the spinal cord or due
to spinal infarction secondary to arterial spasm.

PERCUTANEOUS ULTRASOUND-GUIDED CELIAC
PLEXUS NEUROLYSIS

In recent years, ultrasound has made head against
fluoroscopy and CT in interventional pain management.
The first describing the technique on the celiac plexus
was Bhatnagar (31), and it could be performed percu-
taneously at the patient’s bedside and supine, which
gives greater comfort for both the patient and the doc-
tor. However, there are still no randomized controlled
trials comparing abdominal ultrasound neurolysis of
the celiac plexus versus opioid systemic treatment.
The technique is performed using a convex transducer
(2-5 MHz), initially placed just below the xiphoid process
in the transverse plane, to identify structures, such as
liver, stomach, intestine, portal veins, cava and aorta.
With the help of the Doppler, we scanned caudally to
identify the bifurcation of the celiac trunk in the hepatic
and splenic arteries, and more distally in the superior
mesenteric artery. Then we rotate the transducer in
the longitudinal plane, visualizing in the same image the
bifurcation of the aorta in the celiac trunk and in the
superior mesenteric artery with the celiac plexus sur-
rounding these structures. The approach is performed
in plane, transabdominal, through the liver or stomach,
as long as there are no large vessels interfering with
the needle path (Figure 4).

No complications have been reported with the per-
cutaneous ultrasound approach; however, the literature
in this regard is insufficient to draw conclusions (32).

DIFFERENCES BETWEEN PERCUTANEOUS
APPROACHES FOR THE CELIAC PLEXUS
NEUROLYSIS

There are no differences in terms of pain control in
the short and long term. Ischia et al. (33) conducted
a comparative and randomized study, no differences in
the level of analgesia were found when they compared
between three posterior approaches (retrocrural,
transaortic and chemical sclechnicectomy), obtaining
significant pain relief of 70-80% immediately and 60-
75% until death. However, the groups were small and
opioid consumption was not evaluated. The remaining
studies are of poor quality: Tewari et al. (34) showed
superiority with the retrocrural block of the celiac plex-
us over the transaortic block, although the retrocrural
block was probably acting on the splanchnic nerves.
Marcy et al. (35) showed a contral of pain in 27 out of
34 patients with a similar success with the abdominal
ultrasound approach compared with CT-guided (93%
versus 100%]), preferring the path through the liver,
with only minor complications. In another randomized
controlled study comparing the same approaches (36),
the success of the technique and the quality of life of
the patients was similar, but the CT-guided approach
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Fig. 4. Ultrasound image of the celiac plexus of the tran-
sabdominal percutaneous approach. Ao: abdominal aorta,
H: liver, TC: celiac trunk, PC: celiac plexus, AMS: superior
mesenteric artery.

required fewer attempts and repetitions of the block-
age. Therefore, there is not enough scientific evidence
at the moment to choose one percutaneous technique
instead of another.

ENDOSCOPIC ULTRASOUND NEUROLYSIS OF THE
CELIAC PLEXUS

Endoscopic ultrasound offers the advantage of larger
visualization of the celiac plexus at a short proximity,
allowing larger precision and safety in the administra-
tion of the neurolytic agent and avoiding injection into
vascular structures through the use of Doppler (37)
(Figure 5). However, the studies supporting endoscop-
ic ultrasound neurolysis, considered similarly to per-
cutaneous technique as a rescue therapy, are limited
to retrospective uncontrolled studies (38). Pauli et al.
published a meta-analysis that concludes that this tech-
nigue achieves an 80% pain reduction in patients with
pancreatic cancer (39). Some studies show a slight
decrease in opioid consumption, but without strong
scientific evidence.

To date, no studies have demonstrated an increase
in survival after celiac plexus neurolysis using the endo-
scopic ultrasound technique. There is a retrospective
case-control study, which concludes that neurolysis is
independent from the survival of pancreatic cancer pa-
tients (40), but studies providing more evidence are
needed.

Regarding adverse effects, they are reported in a
limited series of retrospective publications and case
series, being hypotension (11%), diarrhea (18%]), and
transient abdominal pain (1.5 to 8%) described (37).
Theoretically, this technique is safer, with its anterior
approach through the gastric wall and direct passage of
the needle to the plexus visualizing the vessels, without
having to cross the retrocrural space (41). Even so,
fatal complications have also been published with this
technigue. Gimeno-Garcia et al. (42) described the first

Fig. 5. Endoscopic ultrasound imagen of celiac plexus neu-
rolysis. Ao: abdominal aorta, TC: celiac trunk, PC: celiac
plexus, AMS: superior mesenteric artery.

complication of thrombosis and vasospasm of the celiac
artery that produced a multiorganic ischemia and the
death of the patient. Since then, this complication has
been published in 2 other studies, which also ended
in death (43,44). Other adverse effects described are
retroperitoneal bleeding and 2 cases of paraplegia.

Among the contraindications related to this tech-
nique the following are found: the presence of gastric or
esophageal varix - since they increase the risk of bleed-
ing-, an unstructured anatomy, direct tumor invasion of
the plexus, and congenital malformations of the celiac
trunk or of the superior mesenteric artery.

PERCUTANEOUS OR ENDOSCOPIC ULTRASOUND
APPROACH OF THE CELIAC PLEXUS?

There are no studies that directly compare the two
approaches in pancreatic cancer patients. There are
only two randomized controlled trials comparing the
percutaneous approach - one with CT and the other
with fluoroscopy - versus the endoscopic ultrasound
approach, but in patients with chronic pancreatitis
(45,48), demonstrating larger effectiveness in pain
control for the endoscopic ultrasound procedure, but
only in the first 4 weeks, without differences at 8 or 12
weeks, and without differences regarding adverse ef-
fects, consistently with the systematic review of Nobre
Moura et al. (47). In addition, these studies did not use
neurolytic agents but local anesthetics and corticoste-
roids, since they were patients with benign pathology.

SPLANCHNIC NERVES NEUROLYSIS

The splanchnic nerves are located in the anterolater-
al face of the vertebral bodies from T9 to T11, above
the insertion of the diaphragmatic cruras, constituting
an important barrier for situations that may increase
the failure of a celiac plexus neurolysis (variables or an-
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atomical changes, fibrosis, adhesions or tumor infiltra-
tion) (16). In these cases, splanchnic nerve neurolysis
can be very useful, and it can be performed surgically
or percutaneously.

Surgical technique

The surgical technique is performed through tho-
racoscopy with the patient in prone position. The ad-
vantages of this technique include the possibility of
performing the neurolysis bilaterally by insufflation
of CO, and insertion of the two trocars at the same
time, and the high precision in the identification of the
splanchnic nerves, being able to target TS to T12.
It can be performed without selective pulmonary ven-
tilation, although a high percentage of surgeons pre-
fer it because it facilitates the technique and reduces
surgical time. The disadvantages to highlight are the
presence of pleural adhesions that difficult the proce-
dure and the risks associated with general anesthesia.

Literature is limited to prospective studies and case
series (48). In a study comparing between patients
with pancreatic cancer and patients with chronic
pancreatitis, Bhutiani (49) showed a larger analge-
sic effectiveness with lower opioid consumption and
hospitalization in the cancer group than in the chronic
pancreatitis group.

Percutaneous technique

The percutaneous technique is performed using a
retrocrural posterior approach, usually guided by flu-
oroscopy (Figure B). The lesions can be performed by
conventional radiofrequency or using neurolytic agents
as in the celiac plexus.

Conventional or thermal radiofrequency of the
splanchnic nerves

It consists of the production of a high-frequency
electric current at the tip of the needle, generating
heat around it and producing tissue destruction if the
45-50 °C and 20 seconds of temperature stabiliza-
tion are exceeded, influenced also by other factors,
such as the gauge of the needle and the length of the
active tip (50). For splanchnic nerves, usually needles
of 18 to 206G are used, with a minimum active tip of
10 millimeters, establishing lesions of 80 °C and 90
seconds per needle (51).

Conventional radiofrequency of the splanchnic
nerves is widely documented in the literature with stud-
ies that have demonstrated its effectiveness in pain
associated with chronic pancreatitis, but not in pancre-
atic cancer. This is due to the more predictable radio-
anatomy of the splanchnic nerves and the lower rate
of severe complications, since the technique allows a
previous sensory and motor stimulation to avoid injury
to other nerves, and does not necessarily require neu-
rolytic agents that can disseminate and affect other
structures (51,52). Regarding pancreatic cancer, a
retrospective study conducted in 56 patients showed
a significant decrease in the visual analog scale (VAS)

Fig. 6. Fluoroscopy-guided posterior percutaneous neuro-
lysis of splanchnic nerves, at T11 and T12 levels.

and in opioid consumption, with an improvement in the
quality of life of patients up to six months, being the
effect more extended than with the use of neurolytic
agents (53). However, randomized controlled studies
are needed to achieve relevant conclusions.

Chemical neurolysis of the splanchnic nerves

Recently, the administration of neurolytic agents in
the splanchnic nerves has again gained interest due to
its lower anatomic variability in relation to surrounding
structures and its greater percutaneous accessibility
(54-56). However, so far there is no superior evidence
of chemical neurolysis compared to conventional ra-
diofrequency in patients with pancreatic cancer.

Amr et al. (57) conducted a comparative study in
patients with pain associated with pancreatic cancer
and other neoplasias of the upper abdomen, compar-
ing the chemical neurolysis of splanchnic nerves with
conventional radiofrequency. The decrease in VAS was
more important in the group treated with radiofre-
qguency, with a decrease in opioid consumption and
with an improvement in quality of life similar in both
groups, without the presence of serious complications.
This is a small study and more studies offering more
scientific evidence are needed.

Complications in the approach to splanchnic nerves
are uncommon. Similarly to neurolytic blocks, radiofre-
guency can also cause neuritis that usually disappears
within a few weeks. Hypotension and diarrhea are
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self-limited and derive from sympatholysis, although
less frequently than with the celiac plexus block. As in
all thoracic procedures, it is necessary to be alert of
the possible pneumothorax, recommending a subse-
qguent radiographic control. The sensation of dyspnea
that patients sometimes present may be due to an-
esthetic blockage of the phrenic nerve, resulting in
an elevation of the hemidiaphragm. Other rare com-
plications reported in the literature are thoracic duct
lesion, suspicious when yellowish and cloudy fluid is
aspirated through the needle, or intradiscal and intra-
vascular injection, which should always be previously
verified with radiopaque contrast. Paresthesia may
appear if there is needle contact with thoracic dorsal
roots (58). The use of radiofrequency in the splanchnic
nerves should avoid the risk of paraplegia (51), but the
results have been poorly studied.

Among the specific contraindications for the de-
struction of splanchnic nerves we found the follow-
ing: the existence of an abdominal aortic aneurysm,
respiratory failure, unilateral pneumothorax and the
presence of pleural adhesions.

NEUROLYSIS OF THE CELIAC PLEXUS OR
NEUROLYSIS OF THE SPLANCHNIC NERVES?

The vast majority of studies published to date on
the interventional management of pain associated
with pancreatic cancer have focused on the chemical
neurolysis of the celiac plexus, including the two with
the highest scientific quality (24,28), demonstrating
its superiority over pharmacological therapy. The first
comparative study between the celiac plexus neuroly-
sis - through a transaortic approach - and splanchnic
nerve neuralysis in pancreatic cancer patients was
conducted by Ozyalcin et al. (59), showing statistically
significant differences in favor of splanchnic neurolysis,
and surprisingly a lower survival rate for the group
treated on the celiac plexus. Then, Shwita (56) pub-
lished another similar comparative study, with a larger
number of patients and 2 years of follow-up, although it
included different oncological pathologies of the upper
abdomen, showing a similar analgesic effectiveness
for both groups in the first weeks, with better opioid
management of the pain and better quality of life in the
splanchnic neurolysis group from the fourth month.
The decrease in opioid consumption was similar in
both groups.

Plancarte et al. (54) described the chemical neu-
rolysis of splanchnic nerves as an alternative to ce-
liac plexus neurolysis when anatomic changes are
present in the area. This was the first paper pub-
lished in PubMed explaining the transdiscal approach
to these nerves. Their observational study included
1089 patients with malignant upper abdominal pain
and showed a decrease in VAS score and opioid use,
with sustained clinical improvement until one year of
follow-up or patient death, and without technigue-re-
lated serious complications. Subsequently, Ahmed et
al. (56) performed a small retrospective study that
included patients with different abdominal neoplasms
(biliary, gastric, pancreatic), and obtained results sim-
ilar to those of Plancarte et al. (54).

Marra et al. (60) presented a series of 150 cas-
es undergoing chemical neurolysis of the celiac plexus,
splanchnic nerves, or both, through an anterior approach
guided by CT, obtaining better results in patients undergo-
ing splanchnic nerve block and combined block compared
to those undergoing only the celiac plexus block.

Regarding thoracoscopic procedure of the splanch-
nic nerves, some studies compare the effectiveness
of videothoracoscopy against the neurolysis of the
celiac plexus. Stefaniak et al. (27) investigated the
severity of pain, quality of life and consumption of
opioids in 35 patients treated with celiac plexus neu-
rolysis and 24 patients treated with unilateral tho-
racoscopic splanchnicectomy, concluding that both
procedures provided similar effectiveness, preferring
celiac plexus block because it is less invasive and it
improved the quality of life of patients more than the
videothoracoscopy. Furthermore, Johnson et al. (61)
compared the effectiveness of the bilateral neuraolysis
of the celiac plexus, thoracoscopic splanchnicectomy
and medical opioid therapy in 65 patients with upper
abdominal cancer pain, with a two-month follow-up.
The conclusions of this study, in contrast with the oth-
er studies, is that the two interventionist approaches
did not obtain sufficient decrease in pain or opioid
consumption compared to the group treated only with
opioids.

NEUROLISIS WITH ALCOHOL OR WITH PHENOL?

Alcohol and phenaol are the two agents used for
the chemical neurolysis of the sympathetic chain (62).
Ethyl alcohol is a colorless and hypobaric solution com-
pared to plasma, diluting it to 50-70% to obtain a
sympatholytic effect. Phenol is not marketed in Spain
and it must be previously prepared in the hospital phar-
macy. Phenol is unstable at room temperature and its
half-life is 1 year when it is kept cold and away from
light. It is usually used at concentrations of 6-10% for
sympathetic blockages, since below 2% it only produc-
es an anesthetic effect and above 20% it can destroy
somatic nerves. The chemical properties and differ-
ences between both agents are summarized in Table Il

Studies comparing alcohol with phenol in sympa-
thetic blockages are scarce. Koyyalagunta et al. (63)
published a retrospective study of 93 abdominal can-
cer patients undergoing chemical neurolysis of the
splanchnic nerves, assessing the effectiveness, dura-
tion of blockage and adverse effects of both agents.
They found no differences in pain relief or the incidence
of complications. Tumor infiltration of the celiac trunk
and previous radiotherapy did not interfere with the
effectiveness of the procedure, which is why the re-
searchers chose the splanchnic nerves as the target.

There is a large literature variety about what type
of agent to use and how much volume to administer,
basically depending on the target chosen, the percu-
taneous approach, and the imaging technique we use.
For blockages performed transcrurally, about 15-20
ml of neurolytic agent is recommended on each side,
with alcohol being preferred because of its lower af-
finity for blood vessels. For the abdominal ultrasound
approach, 8-10 ml of alcohol is sufficient. For the
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TABLE |l
DIFFERENCES BETWEEN ALCOHOL AND PHENOL AS NEUROLYTIC AGENTS

50-70 % Alcohol

6-10 % Phenol

Physical properties

Low water solubility

Water soluble if exposed to air

Room temperature Stable

Unstable, keep cold

Diluent

None, cannot be added to
radiological contrast

Glycerin, can be added to
radiological contract (denser,
needles > 20 G)

Relation compared to plasma Hypobaric

Hyperbaric

Affinity Somatic nerves

Blood vessels

Injection feeling Painful Not painful, warmth
Total effect of neurolytic action 1 days 3-5 days
Theoretical duration of neurolysis 3-4 months 2-3 months

neurolysis of the splanchnic nerves, 6-8 ml of phe-
nol is recommended, due to its lower affinity for the
somatic nerves. If we use the endoscopic ultrasound
technique, the volume is also low. LeBlanc et al. (64)
found no differences between the endoscopic ultra-
sound administration of 20 ml versus 10 ml of alcohol.

NEED A PREVIOUS DIAGNOSTIC BLOCK?

The usual procedure for any percutaneous inter-
ventional technigue producing tissue destruction is
to perform a diagnostic block. However, regarding
incurable oncological diseases, this algorithm can be
discussed. Yuen et al. (10) published a retrospective
study comparing patients with abdominal cancer un-
dergoing celiac plexus neurolysis after a positive diag-
nostic block compared to patients in whom neurolysis
was performed directly. They concluded that a positive
response to the diagnostic block was positively cor-
related with the neurolytic block, but the diagnostic
block was a poor predictor when the response was
negative. Therefore, its clinical role may be question-
able in patients with terminal cancer, although more
comparative studies are required to support this con-
clusion.

Moreover, no diagnostic block is performed prior
to the endoscopic ultrasound neurolysis, probably be-
cause it is a more invasive procedure, but it is favored
because it obtains a better visualization of the struc-
tures and of the neurolytic agent.

UNILATERAL OR BILATERAL NEUROLYSIS?

Unilateral neurolysis consists of a single injection
at the base of the celiac trunk, but involves the risk of
inadequate exposure of the plexus, considering that it
is located slightly to the left of the aorta; and if we use
endoscopic ultrasound, in most cases it is between
the celiac trunk and the left adrenal gland. Bilateral

neurolysis consists in the administration of the neu-
rolytic agent on both sides of the celiac plexus, either
by a posterior percutaneous approach or by rotating
the ultrasound endoscope on each side of the celiac
trunk (37). P Although the bilateral approach could be
associated with a higher risk of complications, it has
been shown to have better results in the reduction
of pain in patients even in the duration of the neurol-
ytic block, with an incidence of complications similar
to that of the unilateral approach, for both classical
percutaneous technique and endoscopic ultrasound
(64,65). In a recent meta-analysis (66), no differences
between the unilateral or bilateral endoscopic ultra-
sound technique are found, but a decrease in the need
for postoperative analgesics in the bilateral neurolysis
group is shown. In any case, it must be considered
that most meta-analyzes are performed with the bi-
lateral approach, for both the classical percutaneous
procedure and the endoscopic ultrasound (67).

Ultrasound-guided percutaneous neurolysis has also
been published in a randomized study (68), comparing
the unilateral paramedial versus bilateral approach in
patients with abdominal oncological pathology, with-
out finding differences in pain relief and its duration
of up to 3 months, but with larger discomfort of the
patient using the bilateral approach. The limitations
of this study were that it was not a double blind - the
patient was awake during the technique - and, to date,
there are no studies demonstrating the superiority
of abdominal ultrasound compared to other imaging
approaches and techniques.

CENTRAL NEUROLYSIS

Central neurolysis consists of the direct injection
of the neurolytic agent in the celiac plexus ganglia,
being possible only by endoscopic ultrasound, thanks
to the technological development of the last years.
There are prospective studies showing the ability to de-
tect ganglia between 81 and 89% of cases (69, 70).
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There is a randomized controlled trial comparing the
unilateral endoscopic ultrasound neurolysis with the
central neurolysis, demonstrating larger pain relief in
the central neurolysis group (75% versus 45.5%]), but
there are no trials comparing the bilateral approach
with the central approach (71). Central neurolysis of
the celiac plexus is dependent on the technology of
the instrumental equipment and it is also presumable
that when the neuroclytic agent is injected into the
ganglion, the drug can diffuse beyond its target and
destroy other non-visible ganglia. Therefore, bilateral
neurolysis remains the main approach in patients with
pancreatic cancer.

ENDOSCOPIC ULTRASOUND RADIOFREQUENCY
ABLATION OF THE CELIAC PLEXUS

Recently, radiofrequency ablation of the celiac gan-
glia by endoscopic ultrasound has emerged as another
alternative to alleviate pancreatic cancer pain. There
is a randomized controlled study comparing the en-
doscopic ultrasound-guided celiac ganglion radiofre-
guency ablation radiofrequency with the celiac plexus
neurolysis (72), with larger pain management and
quality of life of patients treated with radiofrequency,
although the sample size was small and the follow-up
was only 4 weeks, so more comparative studies on
this subject are needed.

EARLY OR LATE NEUROLYSIS?

Celiac plexus neuralysis is not recommended before
surgery due to the risk of fibrosis and other complica-
tions. For unresectable tumors, the potential advan-
tage of an early neurolysis is to prevent and minimize
the progression of pain and tolerance to opioids. How-
ever, it seems that the analgesic effect usually disap-
pears after 8 weeks and in most patients the pain
recurs at 3 months (73). After this period, the celiac
plexus neurolysis could be repeated without increasing
the risk of complications, but with an effectiveness
rate that can drop to 30%, as shown by the study of
McGreevy et al. (74).

Some studies question the algorithm proposed by
the World Health Organization (WHO) on the use of
invasive methods only when the third step fails. In a
comparative study, Amyr et al. (75) showed a larger
pain management at 2 months, associated with a bet-
ter quality of life and lower consumption of opioids, in
a group of patients with pancreatic cancer undergoing
neurolysis after treatment with systemic opioids com-
pared to another group of patients undergoing neuroly-
sis before starting with opioids. Interestingly, the same
researchers concluded in a subsequent study conduct-
ed in 109 patients with abdominal and pelvic cancer
(78), a statistically significant increase in responders
to sympathetic neurolysis when performed before the
second step of the WHO compared to another group
that followed the normal algorithm, with a larger de-
crease in adverse effects and opioid consumption of
up to 12 months in the first group.

Regarding the doses of opioids, De Oliveira et al.
(29) found no significant differences in neurolytic block-
ade of patients with high doses of morphine (> 90 mg/
day of oral morphine) compared to those with low dos-
es (<S0 mg/day of oral morphine). There is a prospec-
tive study on the early percutaneous ultrasound-guided
approach for pain management in gastrointestinal and
pelvic malignancies (31) that included a total of 44
patients undergoing celiac plexus neurolysis, superior
hypogastric and ganglion impar: To be considered an
“early neurolysis ”, the inclusion criteria of the patients
should be having a VAS > 7 or being under treatment
with oral morphine > 30 mg/day in the month prior
to the blockage. VAS was significantly reduced, with
only 11.4% of patients needing oral morphine after
the procedure, although the follow-up was only for two
months.

Regarding the endoscopic ultrasound technique,
there is published a randomized controlled trial that
compares early endoscopic ultrasound neurolysis with
systemic analgesia, being more significant pain relief
in the neurolysis group, with a follow-up of up to 3
months, but with a less significant difference in opioid
consumption between both groups, influenced also
by if patients received chemotherapy or radiotherapy
(28).

DISCUSSION

Unlike other abdominal-pelvic cancer pain, visceral
pain associated with pancreatic cancer has the advan-
tage of having well defined anatomical targets in which
to act on the sympathetic axis, with studies demon-
strating pain relief in more than 70-S0% of patients,
showing a slight superiority compared to systemic drug
treatment and a lower incidence of adverse effects.
However, there are still controversies about which ap-
proach and which imaging technique are more suitable
for these patients. The ideal intervention procedure
would be that which complies with the following char-
acteristics: 1) be minimally invasive, 2) be associated
with a minimal risk of serious complications, 3) achieve
significant pain relief, 4) improve the quality of life of
patients, 5) extend the survival of patients and B6) pro-
duce a decrease in opioid consumption.

To date, the studies with larger scientific evidence
have been conducted on the celiac plexus (level of
evidence 2 A+ with grade of recommendation Il B)
(77,78), most of them using the posterior percuta-
neous approach although almost all of them had im-
portant limitations. According to the results of the
study conducted by Mercadante et al. (17), it can be
concluded that the celiac plexus neurolysis has a high-
er effectiveness than systemic opioid treatment, being
minimal, but with much less frequent adverse effects,
something that is important for patients. Another im-
portant fact found in the same review is that no signif-
icant differences were found in VAS after 2 months of
follow-up, although there were only 2 studies assess-
ing pain up to 3 months after neurolysis (24,26). The
decrease in opioid consumption was significant in all
studies but only up to 2 months of follow-up, and only
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one study continued finding this decrease 3 months
after neurolysis (26). Therefore, these results reflect
that the effect of neurolytic blockade can last between
2 and 3 months (73), something important to consid-
er when deciding on the appropriate time to perform
the technique.

Neurolytic blockage of the celiac plexus could the-
oretically extend the survival of pancreatic cancer
patients. Ductal adenocarcinoma has neurotrophic
characteristics, and as tumor growth follows the path
of the nerves, the destruction of the nerves could be
advantageous. However, there is only one randomized
controlled trial showing a larger survival in patients
receiving celiac plexus neuraolysis compared to a group
receiving saline (19), although this study was conduct-
ed in patients undergoing exploratory laparotomy, with
in situ diagnosis of unresectable tumor and direct in-
jection of the chemical agent by the surgeon. Staats et
al. (22) published a study showing an increase in sur-
vival after celiac plexus neurolysis, but this result could
not be reproduced in subsequent retrospective studies
(79), so there is not enough evidence supporting that
the neurolytic blockade affects disease progression.

Furthermore, the evolution of the work teams to-
gether with the specialization of the medical operators
have motivated the development of new interventional
techniques, such as the endoscopic ultrasound neu-
rolysis (level of evidence B with grade Il A) (79) and
the ultrasound-guided percutaneous neuralysis of the
celiac plexus. These procedures improve the visibility
of the anatomy around the plexus and the precision
when injecting the neurolytic agent, and can reduce re-
lated complications. Ultrasound-guided percutaneous
neurolysis can also be conducted at the patient’'s bed-
side, reducing surgical time and stress of the patient.
However, no studies with sufficient scientific quality
supporting these procedures over the previous ones
are available to date. No sufficient evidence supporting
neurolysis of the splanchnic nerves (level of evidence
2 B+ with grade of recommendation Il B+) (78) com-
pared to the celiac plexus, although the few published
studies suggest similar analgesic effectiveness, with
a better quality of life of patients and a potential more
extended pain relief if we use conventional radiofre-
guency, waiting for more comparative studies to be
published to obtain more accurate conclusions.

There are still controversies about the appropriate
time to perform the neurolysis. Some studies suggest
an early intervention (20-22,29,33), while others,
such as De Oliveria et al. (29), showed no significant
differences between patients treated with high dos-
es of opioids compared to others treated with low
doses. It should be clarified that the level of opioid
consumption should not reflect in any case the stage
of the disease. Amr and Makharita (75) obtained bet-
ter results with celiac plexus neurolysis if pain was
controlled priorly with systemic medication. To decide
when we can perform the neurolysis, the main factors
to consider are the duration of the effectiveness of the
blockage, the tumor evolution and the life expectancy
of the patient. However, postponing this intervention
greatly entails the risk that the tumor will end up infil-
trating other non-visceral structures and that exces-
sive consumption of opioids produces tolerance and

uncontrollable adverse effects, drastically reducing the
success of the techniques. Therefore, patient surviv-
al should not be a limiting factor for sympatholysis,
since it is often not very clear and depends on more
factors. Neurolytic blockade can achieve a reduction
in opioids and their secondary effects and, in many
cases, improve the quality of life of patients during the
period that its effect lasts, without thereby significantly
increasing the complication rate serious.

PROPOSAL FOR INTERVENTIONAL ALGORITHM

Pain management associated with pancreatic can-
cer should be, as in any other type of cancer pain,
a multidisciplinary management. This requires a close
collaboration between the services of Medical Oncology,
Radiotherapeutic Oncology, Surgery, Digestive, Pallia-
tive Care and Pain, since the evolution of the disease
causes these patients to undergo different tests and
treatments that can influence the decision making. Ul-
trasound endoscopy may be necessary not only at the
time of diagnosis, but also in other situations through-
out the disease, such as, for example, to diagnose com-
plications. Therefore, a teamwork is needed to take
advantage of this technique and to perform the neuroly-
sis at that time if indicated in order to avoid further suf-
fering to patients with more unnecessary interventional
technigues. Other considerations to take into account
are that some chemotherapeutic treatments can cause
alterations of hemostasis, to be taken into account for
the selection of the percutaneous approach, and that
the use of radiotherapy can improve cancer pain, an-
other reason to perform a multidisciplinary and orderly
management. Finally, a psychological assessment of pa-
tients is advisable to control factors that may decrease
pain threshold, such as associated distress, anxiety or
depression, since they can influence on the VAS assess-
ment and on the final decision of the neurolytic block.

Following the conclusions of the previously described
publications, an interventional treatment algorithm for
patients with visceral pain associated with pancreatic
cancer can be established (Figure 7). The standard pro-
cedure would be the posterior approach of the celiac
plexus (classical approach), since today it continues be-
ing the one with the greatest scientific evidence, pref-
erably transcrural and guided by fluoroscopy, due to its
simplicity and speed. Ultrasound endoscopy would be
indicated for neurolysis taking advantage of its diagnos-
tic or therapeutic indication, for situations of inability to
prone position, and as an alternative in case the poste-
rior approach fails. Percutaneous ultrasound neurolysis
would be reserved for selected cases, depending on the
experience of the operator, since it is the technique that
has fewer publications to date. WWe hope that in the
future, studies allowing ultrasound-guided techniques,
whether percutaneous or endoscopic ultrasound, will
be published as the “reference method”, since they al-
low the visualization of surrounding structures with re-
altime injection control. An alternative to the blockage of
the celiac plexus is the conventional radiofrequency of the
splanchnic nerves, indicated when there is tumor infiltra-
tion of the celiac trunk, important anatomical alterations
or if the celiac plexus neurolysis fails. It is also possible
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Fig. 7. Interventional algorithm for the management of visceral pain associated with pancreatic cancer. VAS: visual analog
scale; MEDD: morphine equivalent daily dose.
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Fig. 8. Combined posterior neurolysis of the celiac plexus and splanchnic nerves.

to consider a combined neurolysis - neurolytic blockade
of the celiac plexus associated with neurolytic block or
radiofrequency of the splanchnic nerves -, as reflected
in the study of Marra et al. (60), and as we have been
performing in our usual clinical practice at HM hospi-
tals, with the aim of increasing the success rate and
duration of analgesia without increasing the incidence of
complications. However, no enough comparative studies
supporting this hypothesis are available so far (Figure 8).

Regarding the ideal time to perform the blockade,
our team advocates a neurolysis that is not late despite
the fact that the duration of the effect is limited, since
we find a series of advantages in patients, such as
larger pain management, an improvement in the quality
of life, and a lower tolerance to opioids. As indicated by
one of the main variables to perform the neuralysis, it is
mandatory that the pain is severe, which according to
the WHQO is estimated at a VAS > 7. Patients with pan-
creatic cancer and severe pain who undergo neurolysis
procedures should be previously treated with potent
opioids, being able to establish a morphine equivalent
daily dose (MEDD) above S0 mg to confirm the blockage
decision, or below if the patient present significant side
effects derived from opioids.
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