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Abstract Cancer pain is most commonly classified as

nociceptive (somatic or visceral) or neuropathic. Different

types of pain or pain syndromes are present in all phases of

cancer (early and metastatic) and are inadequately treated

in 56% to 82.3% of patients. Percutaneous neurolysis and

neuromodulation are feasible and reproducible, efficient

(70–80% success rate) and safe (& 0.5% mean complica-

tion rate) palliative therapies for pain reduction in

oncologic patients with refractory pain. Percutaneous

neurolysis can be performed either by injection of a

chemical agent (phenol or alcohol) or by application of

continuous radiofrequency or cryoablation. During chem-

ical neurolysis nerve damage is achieved by means of

Wallerian degeneration. A thorough knowledge of neural

anatomy and pain transmission pathways is fundamental to

appropriate patient and technique selection. Imaging

guidance and strict asepsis are prerequisites. The purpose

of this article is to describe the basic concepts of percuta-

neous neurolysis in oncologic patients. Controversies

concerning techniques and products will be addressed.

Finally, the necessity for an individually tailored approach

for the selection of the different techniques and targets will

be emphasized.

Keywords Cancer � Pain � Neurolysis � Percutaneous �
Imaging-guided

Introduction

Pain is one of the most distressing symptoms of cancer,

often having the greatest impact on patients’ quality of life.

The prevalence of pain is estimated at 51–66% of cancer

patients, the majority of these patients remaining under-

treated [1, 2]. The goal of treatment is to minimize

patients’ pain without rendering them incapacitated due to

drug effects, or causing complications which contribute

further to their morbidity in their remaining, often short-

ened lives [3, 4].
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Neurolysis has a role to play in the management of pain

arising from direct invasion of pain-sensitive structures,

and insult as a result of radiotherapy, surgery or

chemotherapy. Patient selection is key and the most com-

monly utilized criteria are: advanced, progressive cancer

and a life expectancy of 6–12 months.

The purpose of this article is to describe the basic

concepts of percutaneous neurolysis in oncologic patients.

Controversies concerning techniques and products will be

addressed. The necessity for an individually tailored

approach for the selection of the different techniques and

targets will be emphasised.

Anatophysiology of the Sympathetic Plexus

The ‘sympathetic axis’ is a pair of ganglionated chains

running from the base of the skull to the tip of the coccyx

which transmits nociceptive visceral pain from sympa-

thetically mediated organs. These ganglia are organized in

cervical (3), thoracic (12), lumbar (4), and sacral (4) gan-

glia groups. Sympathetically-mediated pain may also have

a neuropathic component secondary to direct neural injury

e.g. brachial and lumbosacral plexopathy. Most of the

various plexi and ganglia described are readily accessible

to percutaneous interruption, the most common indication

being the control of pain arising from malignancies of the

abdomino-pelvic viscera.

Types of Agents/Energy Used

Percutaneous neurolysis can be effected using chemical or

thermal means. The two most commonly used agents in

chemical neurolysis are phenol (injected at a concentration

of 3%–20%) and absolute alcohol (95%–100%) which

result in Wallerian degeneration, protein denaturation and

coagulative necrosis of neural tissue [5].

Ethanol acts through immediate endoneural lipoprotein

and mucoprotein precipitation which causes cholesterol,

phospholipid, and cerebroside extraction from the neur-

ilemma; phenol, on the other hand diffuses into axonal and

perineural blood vessels causing denaturation of proteins

[5]. The most frequently used neurolytic injectate consists

of a 6:3:1 ratio of absolute ethanol (95%–100%), bupiva-

caine, and contrast material [6].

When compared to phenol, which has an immediate

local anaesthetic effect, ethanol may cause severe transient

pain; phenol is more viscous than absolute alcohol and is

therefore more difficult to mix with contrast medium;

additionally, the volume of phenol used needs to be

decreased by half to prevent local irritation [6].

Alcohol is preferred to phenol because of longer lasting

pain palliation, but no evidence is available comparing

alcohol to phenol in this setting and the choice is usually

based on clinical judgment and local practice. It is

important to minimize the volumes of contrast medium and

local anaesthetic used so as to avoid dilution of the neu-

rolytic agent and preserve its efficacy.

Thermal neurolysis can be effected by means of heat

[radiofrequency (RFA) and microwave (MWA)] or cold

[cryoablation (CWA)]. When a tumour engulfs the neural

target(s), these methods effect tumour ablation resulting in

additional pain alleviation [7].

For radiofrequency neurolysis, a 22 gauge Radiofre-

quency electrode with a 5 mm active tip is inserted to the

target and thermocoagulation performed at 80 degrees for

60 s; the number of heat lesions required to coagulate the

target nerve depending on the size of the tip of the elec-

trode. Despite some documented advantages over

radiofrequency with regards to tumour ablation, Micro-

wave is rarely used to effect neurolysis, as the volume of

ablation and the heat sink effect are not major issues in

neurolysis [8–11].

The main advantage of cryoablation is the visibility of

the ablation zone on peri-procedural imaging, facilitating a

predictable and reproducible ablation shape. In addition,

given its relative analgesic effect, the procedure itself is not

particularly painful [7].

In the setting of neurolysis, the cryoablation protocol is

still not well established as, in order to obtain only neu-

rolysis, a single freezing cycle may be sufficient provided

temperatures of - 140 degrees centigrade are reached

effecting irreversible loss of axon continuity, followed by a

2 min thawing cycle allowing the needles to become ‘un-

stuck’ and safely removed. A bilateral approach, using 1 or

2 small cryoprobes at each side of the targeted plexus

seems sufficient. However, due to the high cost of cry-

oprobes the technique is rarely used for neural ablation.

When tumor ablation is needed, the more classical protocol

is used. In most centres the procedure is performed under

conscious sedation allowing real time neurologic control

when ablation is done in the vicinity of sensitive structures.

Because of the relative cost of the technique, cryoablation

is reserved for patients for whom the risk–benefit ratio of

chemical neurolysis appears excessive due to potential

unpredictable diffusion of alcohol, or where there is bulky

tumor involvement indicating formal ablation.

For all of these techniques, there are a number of rela-

tive contraindications, specifically those increasing the risk

of significant haemorrhage in the event of inadvertent

vascular puncture namely, coagulopathy, thrombocytope-

nia, or anticoagulant therapy. Coagulation parameters

should be normalised and anticoagulants discontinued pre-

procedure, and particular care is required when the anat-

omy is pathologic or variant e.g. disrupted by tumor.

Location specific contraindications will be described in

their relative sections below.
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Anatomic Locations/Neurolysis Targets

Stellate Ganglion

The principal ganglion measures approximately

0.5–2.0 cm and lies near the anterior aspect of the head of

the first rib. The goal of treatment is to deliver the drug/

device as close to the ganglion without damaging sur-

rounding structures (lung, carotid and vertebral arteries,

brachial plexus).

Stellate ganglion neurolysis is indicated in the man-

agement of nociceptive and neuropathic pain secondary to

malignancies affecting the upper limb, thoracic viscera and

head and neck, including iatrogenic plexopathy and post-

mastectomy pain [12–18].

Other symptoms, such as hot flashes in breast cancer

patients also respond favourably [19].

A 22–25G spinal needle is directed to the head of the

first rib and withdrawn 0.25 cm (Fig. 1). Chemical neu-

rolysis is typically effected using the recipe above with the

addition of 80 mg of Methylprednisolone to render the

after-effects of the procedure less painful and to dampen

post-neurolysis inflammation which may be very uncom-

fortable. A successful blockade is evinced by an increase in

the ipsilateral hand skin temperature and a Horner’s syn-

drome comprising ptosis, pupillary miosis and facial

anhydrosis [20, 21].

The procedure has been described under ultrasound

guidance; however, the majority of the cases and series

described are in patients with benign disease [14, 22–24].

Radiofrequency neurolysis has been performed under

both CT and ultrasound guidance for both benign and

malignant conditions [25–27]. A single trial comparing

conventional radiofrequency and pulsed mode RF in the

treatment of post-mastectomy neuropathic pain has been

performed, demonstrating superiority of the conventional

mode at early and delayed (6 month) follow-up. No sig-

nificant difference was demonstrated in the patients’

quality of life or functional capacity [28]. In refractory

Type 1 chronic regional pain syndrome (CRPS), CT-gui-

ded radiofrequency neurolysis has been shown to be more

effective than chemical neurolysis [29–31]; however, to

our knowledge, this comparison has not been performed in

the oncologic population.

In addition to the general relative contraindications

described above, contralateral pneumothorax or major

pulmonary dysfunction contraindicates the procedure, as

pneumothorax would result in severe respiratory compro-

mise. Similarly, in the presence of recognized unilateral

vocal cord paralysis, the expected cord paralysis on the

treated side would result in complete airway obstruction.

Cardiac compromise contraindicates the procedure as the

sudden change in sympathetic tone may be too great a

challenge for a compensated heart [32, 33].

A degree of brachial plexus infiltration is expected,

leading to transient arm anaesthesia/weakness; however,

more serious and potentially fatal complications have been

described, including pneumothorax and tracheal and

oesophageal perforation. Bleeding severe enough to result

in leading to significant haematoma and airway compro-

mise has been described [34, 35].

Other complications that may occur, common to all

neurolytic procedures include: dysaesthesia, neuritis or

neuroma formation, failure to relieve pain and early return

of pain (secondary to CNS plasticity, axonal regrowth or

tumour progression). In the event of an early return of pain,

neurolysis may be repeated.

Thoracic Plexus

The sympathetic chain in the thorax runs alongside the

spine. At T2, the ganglion lies on the 2nd rib neck, between

T3 and T6 levels, the ganglia lie on the rib heads. Between

T7 and T10 levels, the ganglia are located at the level of

the costovertebral joints, whilst at T11–T12 levels the

ganglia are located anterolateral to the vertebral bodies.

Neurolysis of the thoracic plexus is indicated in upper

limb and thoracic pain of sympathetic origin caused by

Fig. 1 Computed tomography-guided Stellate ganglion chemical

neurolysis in 2 different patients: A contrast medium (white arrow)

dispersion anterior to the head of the first rib (black arrow). B trans-

thyroidal approach for stellate ganglion neurolysis—final position of

the needle (thick white arrow) is anterior to the head of the first rib

(thin white arrow)
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paravertebral gutter neoplasms with vertebral association

and in patients with phantom limb pain [36]. Relative

contraindications are similar to other neurolytic techniques.

The procedure is most commonly performed under CT

guidance; the needles advanced under sequential scanning

and the correct (extravascular) final position verified with

injection of 1-3 ml of contrast (Fig. 2). After a positive

diagnostic block with local anaesthetic, one proceeds with

the neurolytic technique of choice [37]. Bed rest and

observation are necessary post-procedure.

Celiac Plexus–Splanchnic Nerves

Celiac plexus (CPN) and splanchnic neurolysis (SNN) are

the most commonly performed sympathetic neurolytic

procedures. The celiac plexus is the largest visceral plexus

and is retroperitoneal but antecrural, at the anterolateral

aortic surface next to the celiac axis and the superior

mesenteric artery origins (at the level of the T12-L1 ver-

tebrae); the greater (T5–T9), the lesser (T10–T11) and the

least (T12) splachnic nerves consist of presynaptic sym-

pathetic fibers traversing over the anterolateral vertebral

aspect. Both of these techniques are effective in minimis-

ing afferent pain transmission from abdominal viscera.

Although initiated over a century ago by Max Kappis

(1914) and routinely used to treat pain arising from upper

abdominal cancers [38] and metastases, the literature

remains controversial regarding the indications, technical

considerations, results and even complications of this

technique [39].

CPN or SNN are indicated for visceral (versus somatic

or neuropathic) pain in patients with imaging confirmation

of visceral (mainly pancreatic, gastric, biliary, colon or

adrenal) and/or sympathetic chain involvement. CPN and

SNN are recommended for chronic pain, refractory to

opioids or to decrease their use because of adverse side-

effects, [38, 40, 41].

Earlier use, at the initial timing of pain appearance in a

patient’s disease course has been evaluated with promising

results [41–43]. Tumoural vascular involvement, intra-ab-

dominal infection and bowel obstruction are considered

specific contra-indications.

Neurolysis is always performed using image guidance,

either percutaneously or under endoscopic ultrasound

(EUS). When the percutaneous route is preferred, CT is the

most frequent image guidance used to reach the plexus.

There is a growing interest in the use of Cone-beam CT

with fusion and guidance software. MRI-guidance has been

described [44]. Fluoroscopy is not recommended as it lacks

adequate anatomic precision.

The posterior paravertebral ante-crural approach

requires either bilateral needle placement in the peri-aortic

fat on both sides of the celiac trunk origin or a trans-aortic

path with the 22G Chiba bevelled needle tip placed just

between the aorta and the celiac trunk (Fig. 3). A posterior

trans-intervertebral disk approach can be used for patients

at an increased risk of haemorrhage, when the anatomy is

distorted by tumour or the presence of an aortic aneurysm

or when the paravertebral approach is not feasible due to

obstruction by ribs, transverse processes or large osteo-

phytes [6]. The use of an anterior approach using a single

injection site (theoretically facilitating better diffusion of

the neurolytic agent) is limited because of the risk of gut

and visceral organ injury and the difficulty performing

SNN concurrently.

The intervention is usually performed under local

anaesthesia and conscious sedation. Patients should be

advised of the potential risks and that their pain will be

alleviated but not eradicated, with a concomitant reduced

opioid requirement. Careful planning and prior hydration

with 0.5–1 L of saline (in order to alleviate potentially

severe post-treatment orthostatic hypotension) are manda-

tory pre-procedure. Having placed the needles, contrast is

injected to exclude an intravascular location and to predict

the pattern of diffusion. Bupivacaine is injected as a

diagnostic test and to decrease the pain related to neurol-

ysis. Then, chemical neurolysis is performed with the

recipe as described above. Prior to removing the needles,

they should be purged with 1 ml of saline, and the stylet

reinserted to avoid agent spillage in the needle tract.

SNN is usually performed during the same procedure or

to palliate unsatisfactory diffusion of the neurolytic agent

during CPN (Fig. 4), [45, 46]. When the bilateral posterior

Fig. 2 Computed tomography-guided thoracic plexus chemical neu-

rolysis: needle (thick white arrow) is advanced via a posterolateral

approach to the target anterolateral to the vertebral body. Contrast

medium injection (thin white arrow) illustrates the desired dispersion
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approach is used, the same needles are pulled back to a

retrocrural location and the steps repeated as for CPN [47]

the main difference being in the volume of neurolytic agent

needed: 5–10 mls of alcohol at both sides is sufficient.

When combining both techniques, a total of 30 mls of

absolute alcohol can be used (20 ml for CPN and 10 mls

for SNN). Specifically for SNN, thermal ablation (RFA,

MWA, or CWA) looks promising as an alternative to

chemical neurolysis [27, 48].

Endoscopic Ultrasound guided Coeliac Plexus Neurol-

ysis (EUS-CPN) is increasingly performed; however, no

comparative study has shown an advantage over the per-

cutaneous approach [49]. Good visualisation of the target,

real time imaging and the opportunity to perform CPN very

early in the disease course (potentially at the time of

diagnosis) are the advantages of this technique [6], the

principle disadvantages being limited availability and the

difficulty targeting the celiac plexus in cases of massive

tumor infiltration.

Whichever technique is used, most series of CPN and

SNN report a pain decrease lasting several months in 70%–

90% of patients [50], and a significant reduction in opioid

medication and opioid-related side effects [51–53]. This

has translated in some studies to quality of life improve-

ment and in some, an increased overall survival [54].

The complication rate is below 2% [46]; the most

common being transient post-neurolysis hypotension, and

diarrhoea [55], the most feared being neurological injury

[46, 50].

Lumbar Plexus

The lumbar sympathetic chain consists of multiple inter-

connected autonomic ganglia lying anterolateral to the

lumbar second, third and fourth vertebral bodies and sup-

plies the lower abdominal viscera, perineum and lower

limbs. Lumbar Sympathectomy (LS) is indicated in the

palliation of pain related to lower abdominal visceral and

perineal cancers [14, 15, 56, 57]. There are no absolute

contraindications to LS; however, the relative contraindi-

cations apply, as above.

The procedure has been most commonly described

under fluoroscopic guidance [13, 58]. The patient is placed

prone on the procedure table and the chain targeted on each

side using osseus landmarks at L2, L3 and L4 via a pos-

terior approach with ipsilateral oblique angulation of the

C-arm (Fig. 5). At each level, a 22G 15–20 cm needle is

advanced inferior to the transverse process to hit the

anterolateral vertebral wall and then ‘‘stepped-off’’ anteri-

orly. Craniocaudal spread of injected contrast confirms an

extravascular and extramuscular needle tip location prior to

neurolytic injection.

Imaging techniques with multiplanar reconstruction

capabilities (CT or CBCT) permit direct visualization of

the needle tip, conferring greater confidence prior to

definitive ablation [59, 60]. In one study [61], where flu-

oroscopic guidance alone was used, psoas muscle injection

Fig. 3 Computed tomography-guided celliac plexus chemical neurolysis in 2 different patients: A postero-lateral trans-aortic approach.

B postero-lateral trans-crural approach. In both cases injectate (thin white arrow) surrounds the origin of the celiac trunk

Fig. 4 Computed tomography-guided splachnic nerve thermal neu-

rolysis: RF electrode is advanced via a posterolateral approach to the

target anterolateral to the T12 vertebral body
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occurred in 21.3% (46/216), and intravascular injection

occurred in 12.5% (27/216). Of the latter, 5% showed

contrast spread in the typical craniocaudal pattern in

addition to intravascular injection and only 7% showed

intravascular spread only. The aspiration test was shown to

be poorly sensitive for an intravascular location of the

needle tip (40.7%), static radiography post-injection per-

forming better, but still relatively poorly at 70% [62].

A diagnostic block with Bupivacaine is performed and

subsequently, 5 ml of absolute Alcohol are injected via

each needle. The needle contents should be cleared by

flushing with a small volume of saline and replacing the

stylet prior to removal. A successful ablation is evinced by

flushing, erythema and increased skin temperature on the

treated side.

In patients with benign disease, single-level injections at

L2 are performed as they have the lowest incidence of

psoas muscle injection and genitofemoral nerve effects.

When single-level and multiple-level needle techniques

were compared, unsurprisingly, a more complete block was

achieved with the multiple needle technique [62], thus this

is the preferred approach in the oncologic population.

CT-guided Radiofrequency neurolysis has been per-

formed with good results [27]. Magnetic Resonance

Imaging was demonstrated as feasible in 91 out of a cohort

of 100 patients using an open 0.2 MR system [63].

Bed rest is required for at least 12 h post-procedure as

there is a risk of profound orthostatic hypotension from

decreased sympathetic tone, occurring in 10%–52% of

patients. To reduce this risk, it is advised not to perform

bilateral injections at the same setting.

40–50% of patients are expected to improve with

reduced pain and opioid requirements. In addition to vis-

ceral pain palliation, LS has had promising results in

managing other cancer-related symptoms such as

tenesmoid rectal pain which can be particularly distressing

for patients and difficult to manage, but in a limited series,

83% of treated patients received sustained complete relief

of their tenesmus, having failed a trial of standard

approaches [57].

A more recently described benefit of LS is that of a

reduction in limb girth, tightness and heaviness in patients

with gynaecology cancer-related lower limb lymphoedema

unresponsive to conservative measures [64].

Complications of LS are not infrequent, and are pre-

sumed to be reduced by the use of CBCT or MDCT. Such

complications can be severe, including intravascular, aortic

wall, muscle and organ injection, renal collecting system

injuries and somatic nerve damage. Lateral femoral cuta-

neous and genitofemoral nerve neuritis are most frequently

described, at L3-4 and L4-5, occurring typically with a

psoas muscle needle-tip location. Transient and permanent

lesions have been described [65].

Ohno and Ohshita described a transdiscal technique at

L2-3 and L3-4 to reduce the risk of genitofemoral nerve

neuritis by avoiding a transpsoas path, with no neuritis

occurring in 14 patients [66, 67].

Haynsworth and Noe demonstrated a lesser incidence of

post-sympathetic neuralgia with radiofrequency denerva-

tion compared to phenol; however, the phenol effect was

longer lasting, 89% with sympathetic blockade after

8 weeks post phenol compared to 12% with radiofrequency

[68].

There are numerous case-reports of pelvicalyceal and

ureteric injuries, particularly in relation to the use of

alcohol and phenol delivered under fluoroscopic guidance,

some of which were thought to result from inadvertent

needle puncture of the renal tract, others from dissemina-

tion of correctly deposited chemical [69–71].

Fig. 5 Lumbar plexus neurolysis: A Schematic showing the location

of the lumbar plexus anterior to the anterolateral margin of the lumbar

vertebra with the patient in the prone position. B Computed

tomography—guided lumbar plexus thermal neurolysis RF electrode

(thick white arrow) is advanced via a posterolateral approach to the

target anterolateral to the L3 vertebral body. C, D Oblique and

postero-anterior fluoroscopy view confirming needle-tip (thick white

arrow) placement level with the anterior margin of the L4 vertebral

body
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Superior Hypogastric Plexus

The superior hypogastric plexus lies anteriorly to the L5-S1

intervertebral disc. Neurolysis is indicated in patients with

pain secondary to pelvic cancer related to uterus, ovaries,

prostate and rectum [72, 73]. The relative contraindications

are similar to other neurolytic techniques.

The procedure is most commonly performed under flu-

oroscopic or CT guidance; approaches include a postero-

lateral or trans-discal route. After a positive diagnostic

block with local anaesthetic, one may proceed to the neu-

rolytic technique (either by alcohol injection or by thermal

energy application). Bed rest and observation are required

post-procedure.

Conclusion

Percutaneous neurolytic procedures are low cost, of short

duration and hospitalisation with low complication rates

(\ 2%), decreasing pain and improving quality of life in

oncologic patients with refractory pain. Sympathetic chain

neurolysis is an effective but often clinically neglected

route for pain management and should be considered for

these patients whose pain is all too often undertreated.
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