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Abstract: Chronic Pain is a serious public health problem both in the United States and globally. Neurolysis therapy with 
radiofrequency, phenol/alcohol, and cryotherapy has been used in pain management for several decades. 
Characteristics of each modality are reviewed in this article including: history, mechanism, clinical indication, 

contraindication, side effects, and efficacy. An extensive literature search has been performed to determine which 
technique has the best efficacy while producing the least amount of adverse effects.  
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INTRODUCTION 

Chronic Pain is a serious public health problem both 

in the United States and globally. The nuisance of 

chronic pain results in serious negative economic 

consequences due to disability and the cost of 

therapies. The treatment of chronic pain is complex 

and includes physical therapy, biofeedback, pharmaco-

therapy, and interventional therapies to name a few. In 

particular, peripheral nerve injection therapy and 

neuroablation therapy, also know as neurolysis, play 

important roles in modern pain management. 

Neuroablative intervention, however, can be a double-

edge sword in that the mode of ablation chosen may 

result in relief that is not permanent and may have 

serious complications.  

 We have extensive clinical experience in the most 

commonly used modes of neuroablative therapy: 

radiofrequency (heat), chemoneurolysis (chemical), 

and cyroablation (cold). However, it has not been 

determined which therapy is superior in achieving the 

goal of abolishing symptoms of pain while preserving 

function to the affected location of chronic pain. The 

goal of this paper is to provide a review of the current 

literature supporting each technique and to discuss 

efficacy and adverse effects of each. We will provide 

an overview of each technique and summarize the 

comparison literature. 

RADIOFREQUENCY 

History of Procedure 

 The initial attempts at radiofrequency were made 

by Harvey Cushing in the early 1920’s. [1]  
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Radiofrequency received its name because high 

frequencies between 300 and 500 kHz were also used 

in radio transmitters. The first commercially produced 

RF generator came onto the market in the late 1950’s. 

Shealy was the first to publish on the technique of 

radiofrequency with his article on denervation of the 

lumbar zygopophyseal joints in 1975. [2] The 

radiofrequency technique has now been applied to a 

wide variety of neuromuscular pain disorders.  

Mechanism of Action  

Radiofrequency (RF) technique consists of an 

electricity generating source applied to an insulated 

electrode. Ions attempt to follow the high-frequency 

change in direction of the alternating current at the tip 

of the needle. [3] Heat is generated in the tissues from 

this high-frequency change in direction. The average 

temperature generated is between 60 and 80 degrees 

Celsius (°C). The size of the lesion produced is 

dependent on the size and diameter of the needle tip 

along with the temperature generated, but independent 

to an increase in time interval. [4] Temperature 

controlled radiofrequency is preferred to voltage 

controlled for creating a reproducible lesion size. [5] 

The traditional radiofrequency probe generates a small 

lesion. In order to create a larger size of lesion, some 

physicians have used a cooled radiofrequency probes 

[6] or bipolar radiofrequency technique. [7] The cooled 

radiofrequency device contains a hollow lumen in the 

probes, which permit continuous cooling of the 

electrode with circulating water [6]. The temperature of 

probe is raised to 40 to 55 °C. The bipolar 

radiofrequency lesions are made by placing the 

radiofrequency probes side-by-side like bricks in a wall 

to traverse the region of the nerves. An example is 

placing the probes between the dorsal sacral foramina 

and the sacroiliac joint line for denervation of the 

nerves entering the joint. However, the large lesion can 
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cause a standby lesion involving the adjacent tissue. 

[7] This can be avoided by precise localization of RF 

probe along the targeted nerve to produce excellent 

pain relief without causing standby lesions to the other 

surrounding tissues. 

Another technique of radiofrequency that has 

evolved is called pulsed radiofrequency. [8] This 

consists of using lower temperatures along with an 

active and inactive phase from the lesion generator. 

Pulsed radiofrequency is thought to cause less 

destruction to surrounding tissues. Podhajsky et al 

confirmed that lesions at traditional temperatures of 80° 

C caused injury consistent with tissue necrosis and 

Wallerian degeneration seven days after the 

procedure. [3] This traditional technique causes basal 

membrane damage and results in the incomplete 

regeneration, intraneural scarring and neuroma 

formation. Conversely, pulsed radiofrequency at 42° C 

caused transient changes including: endoneural 

edema, alterations in the blood-nerve barrier, and 

activation of fibroblasts. The nervous tissue, however, 

returned to normal conditions after approximately 

seven days.  

Clinical Indications 

 Radiofrequency has been indicated and is being 

used in a variety of pain conditions. The following is a 

list of sites commonly targeted by radiofrequency: 

• Cervical, Thoracic, and Lumbar Zygopophyseal 

Joints (dorsal rami) 

• Dorsal Root Ganglia 

• Sacroiliac Joint 

• Indradiscal Electrothermal Therapy (IDET) 

• Cervicogenic Headaches 

• Sympathetically Mediated Pain  

• Trigeminal Neuralgia 

• Intercostal Neuralgia 

• Peripheral Neuroma 

Contraindications 

 There are no specific contraindications for 

radiofrequency. General contraindications for all three 

of these procedures exist including: local infection, 

sepsis, coagulopathies, neuropathic pain at site of 

injection, and major psychological disorders. This 

includes radiofrequency close to implanted medical 

devises and metal.  

Adverse Effects 

 The usual adverse effects apply as for any 

procedures involving needling including: local bleeding, 

local infection, and damage to local structures. More 

specific to radiofrequency there have been reports of 

transient burning pain, transient numbness, and 

weakness.
 
[9] Skin burns are a risk in the face of 

misused or faulty equipment. Post-denervation neuritis 

has also been reported in the literature and described 

as a sunburn-like feeling which usually resolves weeks 

after the procedure. Overall, complication rates of RF 

are generally low, ranging from 1 to 6.5%.
 
[10-12] No 

long term complications were found in our literature 

review.  

Clinical Effectiveness 

 Results of our literature review on radiofrequency 

produced a wide range of outcomes.  

The pain-free duration after RF was shown to be 

from six months to one year with good patient selection 

and accurate localization.
 

[13, 14] The bulk of the 

literature is directed towards back mediated pain. 

Niemisto, et al performed a Cochrane Database review 

of radiofrequency for neck and back pain.
 
[15] They 

found limited evidence that radiofrequency was 

effective for short-term relief of cervical pain. There 

was conflicting evidence from relief of pain from lumbar 

facet joint origin and limited evidence that IDET was 

not effective for discogenic low-back pain.  

 There have been more recent studies since the 

review that have continued to show mixed results. 

Pevsner et al showed 77 of their 122 patients (63%) 

had good results 12 months after radiofrequency of the 

medial branches. [9] However, van Wijk et al 

demonstrated no difference in outcome between 

radiofrequency denervation of lumbar facet joints vs. a 

sham group in a randomized, double-blinded trial.
 
[16] 

Visual analog pain scale scores improved for both 

groups demonstrating the placebo effect that goes 

along with most of these procedures. Additionally, a 

trial with radiofrequency on the dorsal root ganglia of 

the lumbosacral spine failed to show any advantage 

over a control group with local anesthetics.
 

[17] A 

prospective study on repeat facet radiofrequency 

denervtion for low back pain by Zotti and Osti in 2010 

showed significant sustained relief over a 12 month 



18     Journal of The Analgesics, 2014, Vol. 2, No. 2 Zhou et al. 

period.
 
[18] Comparing the traditional RF to the Water-

cooled RF, there is no significant different outcome in 

the degree of pain relief and duration of pain relief in 

the treatment of sacroiliac joint pain.  

 From this data we surmise that currently there is 

very limited evidence towards the effectiveness of 

radiofrequency therapy. Most studies are of a limited 

patient size and of a limited long-term follow-up. We 

conclude there is a need for further double-blinded, 

randomized trials to further elicit the efficacy of 

radiofrequency neurolysis therapy in the treatment of 

pain. 

Chemoneurolysis 

History of Procedure 

 The development of chemical neurolytic agents 

started in the late 1800’s. In 1906, Levy and Baudouin 

were the first to inject neurolytic agents 

percutaneously.
 
[18] In 1925, the first use of phenol 

was reported in neurolytic procedures. In this era, the 

goal was to treat pain in patients with short life 

expectancies such as cancer pain. Secondary to the 

side effects which will be discussed later, chemical 

neurolysis has fallen out of favor as a choice for lytic 

procedures. 

Mechanism of Action 

 The common agents that are currently used include 

phenol, ethyl alcohol, and hypertonic saline. Phenol is 

a composed of carbolic acid, phenic acid, phenylic 

acid, phenyl hydroxide, hydroxybenzene, and 

oxybenzene. Phenol is mainly insoluble in water. It’s 

typically mixed with glycerol, radio-opague contrast, or 

water, which increases the concentration of phenol. 

Phenol mixed with water will cause more destruction to 

the tissues secondary to a wider amount of spread.  

 An injection into tissues with phenol will cause 

nonselective destruction of nervous tissue. At 

concentrations less than 5%, phenol causes protein 

denaturation; concentrations greater then 5% cause 

protein coagulation, nonspecific segmental 

demyelization and Wallerian degeneration.
 

[18] 

Commonly, a range of 5% to 10% concentration is 

used for chemical neurolysis. However, concentrations 

of 5% - 6% produce destruction of the nocioceptive 

fibers with minimal side effects. Phenol injections have 

an analgesic effect when first injected and are less 

painful then injections with ethyl alcohol.  

 Ethyl Alcohol has a similar mechanism of action to 

phenol. Alcohol produces a nonselective destruction of 

nervous tissue by precipitating cell membrane proteins, 

extracting lipid compounds, demyelination, and 

Wallerian degeneration.
 
[18] Injections with alcohol will 

cause an initial burning along the nerve distribution, 

which is followed by numbness along the same 

distribution. The common concentration of ethyl alcohol 

used for chemoneurolysis ranges from 30% to 100% 

solution.  

Clinical Indications 

• Cancer Pain for patients with short life expectancy 

• Spasticity Management 

• Chronic Pain intractable to other modalities 

• Sympathetic mediated pain intractable to other 

modalities 

Contraindications 

 A relative contraindication with the use of ethyl 

alcohol is to make sure patients are not taking 

medications which inhibit alcohol dehydrogenase. 

These medications including: metronidazole, oral 

hypoglycemic agents, beta-lactam antibiotics, etc. They 

inhibit alcohol dehydrogenase and patients can 

experience a disulfiram like reaction with injections of 

ethyl alcohol. Symptoms include flushing, vomiting, 

sweating, marked hypotension, and dizziness. Patients 

should be taken off these medications in a safe manner 

before these elective neurolytic blocks are performed.  

Adverse Effects 

 The most common reason physicians shy away 

from chemical neurolysis is postneurolytic neuritis. The 

incidence has been reported as high as ten percent in 

some studies. The proposed theory is an incomplete 

destruction of somatic nerve and then painful 

regeneration of that nerve. Injections with these 

chemical neurolytic agents are difficult to control and 

thus unwanted spread to surrounding healthy tissues 

occurs. The patient may experience dysesthesias and 

hyperesthesia after the procedure. Often times the 

dysesthesias are worse than the patient’s original pain. 

Most cases will subside within a few months with 

conservative analgesics. However, a small population 

will have persistent dysesthesias and require more 

invasive techniques such as sympathectomy or 

rhizotomy.  

 Other complications include cardiac rhythm 
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disturbances, hypotension, skin and non-target tissue 

necrosis, and CNS excitation. Also reported are 

temporary hypesthesia and anesthesia in a 

dermatomal distribution of the nerve roots.
 
[18] This is 

rare and usually short lived. Paralysis is possible if the 

injected alcohol causes spasm of the artery of 

Adamkiewicz.
 
[19] Again, as noted above, injections 

with alcohol have the potential to cause a disufiram like 

reaction if the patient is on an alcohol dehydrogenase 

inhibitor.  

Clinical Effectiveness 

 The clinical literature on chemical neurolysis is very 

deficient of well-constructed studies. Most evidence is 

of anecdotal observations. In general, blocks using 

phenol tend to be less intense and of shorter duration 

than those using alcohol. In 2001, Furlan et al 

performed a literature review studying chemical 

neurolysis for the treatment of neuropathic pain.
 
[20] 

They found that 44% of their patients reported 

meaningful pain relief. Nineteen percent reported no 

pain relief and 37% had no conclusion to therapy 

secondary to poor reporting in the studies. Cleary, this 

study demonstrates the mixed results with 

chemoneurolysis.  

 An area where these techniques have seen some 

success is in the treatment of cancer related pain. 

Eisenberg et al in 1995 demonstrated a 91-94% 

success rate in relieving abdominal pain from 

pancreatic cancer with a celiac plexus block.
 

[21] 

These blocks also appear to have short-term effects, 

with significant pain reduction for less than two months. 

Patients with short life expectancies who are not 

expected to survive past the duration of the pain relief 

are the best candidates. For the purposes of this paper, 

we did not investigate the literature on chemical 

neurolysis for the treatment of spasticity.  

Cryoanalgesia  

History of Procedure 

 Cyroablation has been used for thousands of 

years. The modern cryoanalgesia started in 1961 after 

Cooper developed a hollow tube filled with liquid 

nitrogen.
 

[22] Amoil developed a hand held device 

achieving a temperature of -70° C. Lloyd, et al. coined 

the term cryoanalgesia for its use in pain management.
 

[22] Since then, cyroanalgesia has been used for 

treatment of lower back pain, neck pain, neuromas, 

trigeminal neuralgia, and intercostals neuralgia.  

Mechanism of Action 

The cryoprobe consists of a hollow tube with a 

smaller inner tube. Expansion of gas or liquid enclosed 

in the cryoprobe results in the Joule-Thompson or 

Kelvin effects; that is, the high pressure coolant 

escapes through a small orifice in the inner tube which 

ultimately expands and cools. The temperatures of the 

cryoprobe are dependent on the characteristics of 

coolants (NO or CO2), pressure of coolant, and 

whether gas or liquid is enclosed. The temperatures of 

the cryoneedle tip range from -20° C to -196° C. This 

forms an ice ball at the tip of the catheter. The cold 

temperature creates neurological dysfunction that 

ranges from temporary conduction block to Wallerian 

degeneration. Effectiveness of the therapy is 

dependent on: proximity of the probe to the nerve, size 

of the probe, size of the ice ball formed, rate and 

duration of freezing, and temperature of the tissues in 

proximity to the probe.
 
[22] 

 The decrease in temperature disrupts the nerve 

structure and creates Wallerian degeneration in which 

there is an initial “dying back” of the proximal axon and 

myelin sheath. There is then subsequent degeneration 

of the distal axon and myelin. Surrounding Schwann 

cells proliferate to form a tubular structure for axon 

sprouting and regeneration of the nerve. The severities 

of cryolesion are dependent on the cryotemperatures:
 

[23, 24] 

• First Degree or Neuropraxia: this is associated with 

minimal damage and disruption of neural function 

for around 2-3 weeks when the temperature of 

cryolesion is above -20° C.  

• Second Degree or Axonotmesis: this involves 

destruction of the axon and myelin sheath. This 

occurs at temperatures of form -60° C to -100° C 

and is the goal of cryoablation therapy. This level 

of pathology creates axonal damage, but leaves 

intact the endoneurium, perinerium, and 

epineurium. Therefore, nerve regeneration has a 

structured environment for re-growth and prevents 

neuroma formation that is common with other 

forms of neurolysis. 

• Third Degree to Fifth Degree or Neuromeis: when 

the temperatures are below - 140° C, the 

cryolesion involves destruction of both neural 

tissues. However, the epineurium and basal 

membrane remain intact. Our previous study 

demonstrated that there was minimal inflammation 

and no neurolitis or neuroma formation.
 
[23, 24] 
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This degree of damage is associated with longer 

duration of analgesia. 

Clinical Indications 

 Cryoablation therapy is indicated for a variety of 

chronic pain syndromes. Indications include:  

• Spinal dorsal ramus mediated lower back pain [25, 

26] and neck pain [27]  

• Chest wall pain (post-thoracotomy pain)
 
[28] 

• Trigeminal Neuralgia 

• Painful Neuromas 

• Peripheral Neuropathies 

• Trigger Points 

• Coccydynia 

Contraindications 

 There are no absolute contraindications to 

cryoanalgesia. Relative contraindications include 

bleeding diathesis and infection. [22] Bleeding issues 

are especially important in regions where it could go 

unnoticed such as the pelvis and thorax regions. 

Needles should never be placed through an infected 

region with any of the neurolytic procedures for fear of 

creating a deeper infection. In addition, caution should 

be used in patients with conditions that leave them 

vulnerable to cold such as Raynaud’s Disease, 

cryopathies (cryoglobulinemia, paroxysmal cold 

hemoplobinuria), and peripheral vascular disease.  

Adverse Effects 

 Adverse effects including post cryoablation neuritis 

are very rare with cryoanalgesia. More common 

adverse effects include frostbite to skin, alopecia, 

depigmentation of skin, and damage to surrounding 

structures. These damages are usually very mild. The 

damage to surrounding structures most often occurs 

when the probe is moved before the probe is thawed. 

The Teflon coated cryoneedle, meticulous skin 

precautions, and careful technique can minimize these 

injuries. There is no neuritis (aggravating pain) after the 

procedure. 

Clinical Effectiveness 

 As with the two previous techniques discussed, 

cyroablation therapy has had mixed results in the 

literature. The most widely studied area has been with 

the application of cryoanalgesia with post-thoracotomy 

pain. In 1980, Katz et al compared cryoanalgesia 

against local bupivacaine blocks in patients undergoing 

a thoracotomy.
 
[28] They found a mean pain score of 

1.8 (cryo patients) vs. 6.0 (bupivaccaine patients) post-

op day #1 from the procedure. Muller, et al found that 

intercostal nerves with cryoneurolysis at -60° C did not 

provide pain relief in all of their patients.
 
[29]Bucerius, 

et al stated that cryoneurolysis of intercostal nerves 

with -80° C significantly decreased post-operative pain 

compared to bupivaccaine intercostal nerve block.
 
[30] 

Pastor et al in 1996 reported in a double-blinded 

prospective study that cryoanalgesia was superior to 

pharmacological management of post-thoracotomy 

pain. [31] However, in a more recent study it was 

concluded that epidural anesthesia led to better pain 

relief and pulmonary function after thoracotomy 

compared to cryoanalgesia.
 

[32] These studies 

demonstrate generally good results with cryotherapy 

for post-thoracotomy pain.  

 Studies on cryotherapy for pain syndromes other 

than post-thoracotomy pain have also yielded mixed 

results. Clinically, outcomes to cryotherapy appear to 

be dependent on the temperature of the probe. 

Barnard, et al. using cryoneurolysis at -60° C, reported 

that 67% of his 43 patients were pain-free at a median 

of 90 days.
 
[33] Zakrzewska, et al. reported that 84% of 

their 39 patients cryolesioned at -120° C experienced 

pain relief for one year.
 
[34] Shao, et al. reported that 

87% of their 1,997 patients experienced immediate 

pain relief with cryotherapy at -100° C to -180° C 

applied to the spinal dorsal ramus for low back pain.
 

[25] Of these patients, 409 who experienced immediate 

pain relief were followed for an average of 2.5 years. 

They reported that 386 (94.3%) continued to achieve 

complete pain relief and were able to return to their 

original occupations.
 
[25] To date, 6000 patients with 

acute and chronic low back pain have been treated 

with percutaneous cryoanalgesia.
 
[26] There were no 

reports of neuroma or neuritis as a side effect. Five to 

twelve (average 8) year followed-up of 680 patients 

with questionnaires reveals a 93% satisfaction rate. 

There continues to be no literature comparing clinical 

outcomes of cryoanalgesia with different probe 

temperatures. 

RELEVANT LITERATURE COMPARING 
NEUROLYTIC TECHNIQUES 

 We performed an extensive literature search 

looking for comparison articles of the three neurolytic 
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techniques discussed above. In 2001, Mailis-Gagnon, 

et al performed a Cochrane Database review of 

radiofrequency ablation vs. chemical ablation in the 

treatment of sympathetically mediated pain.
 
[35] They 

found four studies which met their inclusion criteria of 

which only one was a randomized study. There wasn’t 

enough evidence to show if either technique was 

superior or even effective individually for 

sympathectomy. The only difference they alluded to 

was the increased incidence of post-sympathectomy 

neuralgia with the chemolytic therapies.  

The other study of interest was a randomized trial 

comparing peripheral blocks of cryoablation vs. phenol 

in the management of chronic pain.
 
[36] Significantly 

more patients in the phenol group received 20% or 

greater pain relief at 1, 12, and 24 weeks after the 

procedure. However, only 27% of the patients in the 

study received significant pain relief demonstrating 

poor effectiveness overall.  

Wang performed a randomized double-blind trial to 

compare the outcome of cryotherapy, chemoneuro-

lysis, and lidocaine injection to spinal dorsal rami for 

low back pain.
 

[37] In his study, 60 patients were 

randomized into three groups for cryotherapy, alcohol 

neurolysis and lidocaine injection respectively. In the 7 

days after procedure, there was no difference in these 

three groups. However, in 1, 3, and 6 months, there 

were significant differences of pain relief between the 

cryotherapy group, alcohol neurolysis group, and 

lidocaine injection group. In direct comparison of the 

cryotherapy and alcohol groups, 65% (13/20) of the 

cryotherapy group compared to only 45% (9/20) of the 

alcohol group achieved complete pain relief.  

 In spite of the above studies, we conclude that 

there is no literature that currently demonstrates which 

neurolytic modality can provide better and longer pain 

relief. Although there is some evidence that 

cryoanalgesia may cause less complications of neuritis, 

no head to head comparisons of adverse effects have 

been studied. We see a need for continued 

randomized, double-blinded studies to establish the 

overall effectiveness of these treatments and to 

compare their outcomes against one another.  
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