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HISTORY

 Hippocrates (460-377 BC): use of ice for pain relief and applied to wounds for pain relief

 Avicenna of Persia (980-1070 AD) an early physician, described the use of cold 

for peri-operative analgesia

 Jean Larre’, Napoleon’s Surgeon General: half-frozen soldiers in the Moscow 

battle were able to tolerate limb amputation with little or no pain



HISTORY

• Trendelenberg in 1917 demonstrated that freezing tissues caused severe nerve damage 
and loss of function but noted that the nerves regenerated without neuroma formation

• Modern cryoanalgesia: Cooper (1961) a device that used liquid nitrogen in a hollow tube 
that was insulated at the tip and achieved a temperature of –190° C

• In 1967, the currently used cryoprobe needle was developed, using the Joule-Thompson 
enclosed gas expansion principle and lowering the probe tip temperature to between      
- 50° and - 70°C 



HISTORY

 Cryoablation was superior to other methods of peripheral nerve destruction,

e.g. alcohol, phenol, or surgical lesions, because it is not followed by neuritis or

neuralgia

 Cryoneuroablation popularized in the early 1980’s, but relatively little has

been written on the technique since

 Although the majority of these trials were published in the 1980s-1990s, some

were published as recently as 2008



Cryoablation

 The cryoprobe is a double lumen aluminum tube that connects to a gas source by

flexible tubing, and either nitrous oxide or carbon dioxide is delivered at a pressure of

approximately 42 kg/cm2 to the inner cryoprobe lumen

 The gas under pressure escapes through a small orifice from the inner lumen near the

cryoprobe tip and returns to the console through the outer cryoprobe lumen





Cryoablation

 The drastic drop in the pressure at the probe tip—from 600–800 psi to 10–15 psi—

allows gas expansion and consequent cooling

 Heat absorbed from the tissues surrounding the probe tip lowers the temperature and

creates an ice ball around the probe tip





Cryoablation

 Currently available cryoprobe sizes include a 14-gauge (2-mm) probe that roughly forms

a 5.5-mm ice ball, and an 18-gauge (1.4-mm) probe that forms a 3.5-mm ice ball

 Most currently used cryoprobes are therefore equipped with a built-in nerve stimulator

function that allows both motor (2 Hz) and sensory (100 Hz) testing

 The probe also has a thermistor incorporated in the tip to precisely monitor the target

tissue temperatures

 The console unit is equipped with temperature and gas pressure gauges, and has a gas

regulator switch that allows precise control of gas flow





Cryoablation

 To ensure safe and effective cryoablation, gas flow must be precisely regulated →

inadequate gas flow is ineffective in lowering tissue temperatures below critical levels,

while excessive gas flow may lead to unintended freeze lesions such as skin burns

 The cryoprobe should be withdrawn only after the ice ball has thawed, since

withdrawing the probe with the ice ball still present may cause local tissue injury and

avulsion of a nerve segment



Cryoablation

 A sharp introducer tip facilitates the placement of the less rigid cryoprobe and affords

additional skin protection during cryolesioning of the superficial nerves

 Typically, a 12-gauge intravenous catheter is used for the 2.0-mm probe, and a 14- to

16-gauge catheter is used for the 1.4-mm probe













































Benefits

 Cryogenic nerve injury is not generally associated with:

 Neuroma formation

 Hyperalgesia

 Deafferentation pain

 Typical of neuronal injury caused by surgical nerve sectioning, thermal RF, or chemical neurolysis

 Cryoablation creates reversible lesions with:

 Less risk for increased post-ablation pain

 Less risk for persistent dysfunction

 Less risk for neuritis or deafferentation pain



Mechanism of cryoablation

 Cryogenic nerve injury → damage to the vasa nervorum → endoneural edema →

increased endoneural pressure → axonal disintegration → Wallerian nerve degeneration,

but leaves the myelin sheath and endoneurium intact → Schwann cell basal lamina is

spared and ultimately provides the structure for regeneration

 Although degeneration of the axon occurs, the endoneurium remains intact→ neuroma

formation does not occur, and the nerve is typically able to regenerate at a rate of 1 – 1.5

mm/week → duration of analgesia ranging from weeks to months



Mechanism of cryoablation

 When a peripheral nerve is frozen to –20°C:

 First degree (neurapraxia): neurons failing to conduct impulses for several days to months with

minimal histologic changes

 Second degree (axonotmesis): loss of axonal continuity without breaching the endoneurium

(goal of cryoneuroablation)

 Third, fourth, and fifth degree (neurotmesis) are associated with neural and stromal destruction

 Autoimmune response triggered by the release of sequestered neural elements has

also been implicated in the long-term effects of cryoablation



Mechanism of cryoablation

 The critical temperature required to cause such disintegrative nerve changes has been

shown to be minus 20°C

 The extent of the freezing:

 The proximity of the probe to the nerve

 The size of the cryoprobe

 The size of the ice ball formed

 The rate and duration of freezing

 The temperature of the tissues in proximity to the probe



Mechanism of cryoablation

 Repeat freeze decrease the temperature at sites further from the probe, increasing the

size of the ice ball

 The use of saline with epinephrine in proximity to the intended nerve may decrease the

“heat sink” of the nearby warm blood flow and at the same time potentially decrease

bruising from the placement of the probe



Technique

 The technique requires precise localization of the target nerve

 Sterile prep and drape → local anesthetic infiltrated subcutaneously → 1 mL of saline

with freshly added epinephrine 1:200,000 is infiltrated for hemostasis → an IV introducer

is then advanced to the target area → stylet is removed and the cryoprobe is then

advanced → withdrawing the catheter into the subcutaneous tissues → sensory

stimulation (100-Hz), first at 2 volts, and then as low as 0.5 v→motor stimulation (2-Hz)



Technique

• Use bone as the “backstop”, allowing the nerve to be “pinned” against the bone

• Gas flows: 10-12 L/min (for the 2.0 mm probe) or 8-10 L/min (for the 1.4 mm probe) →

2-3 min freezes with 30 s defrosting between each cycle → probe is withdrawn from the

catheter and 1 mL of 0.5% bupivacaine is used to infiltrate

 Freeze cycles longer than 3 minutes do not result in any additional benefit



Technique

 Patients must be warned of the risks of depigmentation, hyperpigmentation or alopecia

at the cryolesion sites especially at the eyebrow

 Alternatives:

 Surgical resection→ associated with postoperative neuroma formation

 Alcohol and phenol→ neuroma formation

 Pulse RF→ long-term results are not available

 Contraindications:

 Uninformed patient

 Bleeding diathesis

 Infection (local or systemic)



CLINICAL USES

 “You cannot treat what you cannot diagnose”

 It is critical that a precise diagnosis be made prior to an attempt to freeze any nerve

 Use of a nerve stimulator as well as fluoroscopic or ultrasound guidance

 There is no evidence of permanent neurologic damage as a result of multiple

cryoneuroablation procedures

 Success of cryoanalgesia is directly related to patient selection, accurate probe

placement and the post procedure rehabilitation process

 Informed consent is as important for this technique

 This should not be a painful procedure → Minimal, if any, sedation should be used, it is

critical that the patient be awake enough to respond to the stimulation



CLINICAL EFFICACY

 There are 3 trials comparing epidural analgesia with cryoablation

 The results of one trial → epidural analgesia had significantly better pain scores than

cryo

 Other two trials → cryo comparable to epidural analgesia, but increased the incidence

of post-thoracotomy neuropathic pain

 Overall, of the 11 available controlled studies for the relief of post-thoracotomy pain,

only 3 favored its use → attributed to visceral pleura and the large thoracic wall muscles,

such as the latissimus dorsi and serratus anterior



CLINICAL EFFICACY

• In one RCT, cryo to the tonsillar fossa after tonsillectomy → statistically significant

reduced postoperative pain without evidence of serious complications

• 3 RCT cryo for postoperative pain after herniorrhaphy (ilioinguinal nerve):

 One RCT→ reduced postoperative analgesic usage

 2 RCT→ no statistically significant difference in pain scores

 But in one RCT reported an increased incidence of sensory disturbances



SIDE EFFECTS AND COMPLICATIONS

 Despite reduced risk of neuroma formation, the most frequently reported significant

adverse effect of neuropathic pain characterized by hypersensitivity and allodynia

 Patients may report numbness in the territory of the involved nerve

 At the lesion site alopecia and depigmentation or hyperpigmentation have also been

reported





















CLINICAL APPLICATIONS 
IN CRANIOFACIAL PAIN

 The painful head, neck, and facial conditions treated with cryoablation included TN, postherpetic

neuralgia, atypical facial pain, and various postsurgical neuralgias

 Supraorbital Neuralgia (frontal headache often associated with blurred vision, nausea and

photophobia / cosmetically important area → Entry of the catheter and probe should be below or

above the eyebrow line)

 Infraorbital Neuralgia (maxillary pain worsened by smiling / cosmetically important)

 Mandibular Neuralgia (referred pain to the teeth)

 Mental Neuralgia (pain in the chin, lower lip and gum line / cosmetically important)

 Auriculotemporal Neuralgia (temporal pain associated with retro orbital pain)

 Trigeminal Neuralgia (the ophthalmic portion of the trigeminal nerve can sometimes be avoided)

 Posterior Auricular Neuralgia





CLINICAL APPLICATIONS 
IN CRANIOFACIAL PAIN

 Glossopharyngeal Neuralgia

 Appropriate for postoperative pain relief for tonsillectomies as well as for cancer

related throat and neck pain, or to break the reflex cycle of intractable hiccups

 The usual site for cryoneuroablation is at the tonsillar fossa (at the inferior portion

of the tonsillar pillar)

 Cryoneuroablation at the styloid process is not recommended, since the carotid

artery is directly behind the target



CLINICAL APPLICATIONS 
IN CRANIOFACIAL PAIN

 Clinical Effectiveness:

 Intractable face pain from a variety of causes may be treatable with cryoneuroablation

 Bernard, Lloyd and Glynn (21 patients with intractable facial pain)→ All the nerves were

treated

 Barnard, Lloyd, and Evans (54 patients with chronic facial pain)→ The mean duration of

sensory loss was 60 days



CLINICAL APPLICATIONS 
IN CRANIOFACIAL PAIN

 Clinical Effectiveness:

 No PHN patients had relief for greater than 1 year

 Nally (112 patients with paroxysmal TN) → 68% nerves treated remained pain free over

52 months and if and when the pain returned, it was at a lower pain level

 Nally (211 patients over a 22-year period on paroxysmal TN) → concluded that

cryotherapy offered significant long-term relief



CLINICAL APPLICATIONS 
IN CRANIOFACIAL PAIN

 One RCT (cryoanalgesia in paroxysmal TN)

 475 cases / 45 months follow-up: 145 cryo, 265 RF, 65 microvascular decompression

 Morbidity:

 RF→ prolonged sensory loss (88%), anesthesia dolorosa (8%), and eye problems (15%)

 Decompression→ cranial nerve problems in 11% of the patients and a 1% mortality rate

 Cryotherapy→morbidity was low, none of patients developed anesthesia dolorosa

 Sensory loss:

 Was small in cryo

 In the RF patients it sometimes extended across all three divisions of the trigeminal nerve, and 62% of these patients felt the

sensory loss affected their life



CLINICAL APPLICATIONS 
IN CHEST WALL PAIN

 The reported use of cryoablation in the literature is most prevalent for the treatment of

post-thoracotomy pain (intercostal nerve intraoperatively)

 From 1 to 2 segments above the upper limit of the incision to 1 to 2 below the lower

limit of the incision or the chest drain → significant and long-lasting postoperative

analgesia

 The percutaneous technique can provide excellent analgesia





CLINICAL APPLICATIONS 
IN CHEST WALL PAIN

• Other chronic pain of the chest wall: postop neuroma formation, costochondritis,

postherpetic neuralgia, and rib fractures

• One RCT (45 patients randomized into 3 groups: IM morphine postop, cryoanalgesia,

morphine infusion)→ requests for analgesics was less for the cryoanalgesia

• Green (43 patients with post herpetic neuralgia or intercostal neuralgia):

 50% of the patients noted significant relief of 3 month’s duration

 No patients developed neuritis



CLINICAL APPLICATIONS 
IN ABDOMINAL AND PELVIC PAIN

 Ilioinguinal, Iliohypogastric, Genitofemoral, Subgastric Neuralgia, Sacral Neuralgia

 Its use has been described in many forms for pregnancy-related and postpartum pain in

women:

 Late pregnancy abdominal pain

 Sacral canal pain

 Severe postpartum sacrococcygeal pain

 Pregnancy-associated symphysis pubis and pelvic pain



CLINICAL APPLICATIONS
IN ABDOMINAL AND PELVIC PAIN

 One RCT: Open cryoneurolysis of the ilioinguinal nerve → decrease the analgesic

requirements postoperatively and returned to work faster

 One RCT (36 patients, cryo for post-herniorrhaphy pain) → no significant difference in pain

scores, pulmonary function, or analgesic use

 Post-herniorrhaphy pain might originate from deep muscle layers innervated by nerves other than the ilioinguinal and

iliohypogastric nerves

 Evans (40 patients with intractable perineal pain, cryo of the lower 3 sacral nerve roots) →

78% of the patients at least 30 days of relief of pain

 One RCT (cryolesion to the ganglion impar in a patient with rectal pain) → more than 6

months relief of pain



CLINICAL APPLICATIONS
IN LOW BACK PAIN

 Facet Joint Pain Syndrome

 Schuster (52 patients, cryo on lumbar facet joint) → 47 patients had significant relief of low

back pain after cryoneuroablation during 13 months follow-up

 Ross (23 patients, cryoneurolysis of lumbar MB block ) → 21 patients had complete relief for a

follow-up of 6 months to 2 years

 Pseudosciatica

 Intraspinous Ligament

 Superior Gluteal Nerve

 Sacroiliac Joint Pain

 Obturator Nerve



CLINICAL APPLICATIONS 
IN UPPER EXTREMITY PAIN

 Cryolesioning of the ulnar, median, palmar branch of the median, and digital nerves

has been performed for traumatic nerve injuries and carpal tunnel syndrome

 Suprascapular nerve

 Superficial Radial Nerve

 Wang (12 patients, cryo on ulnar, median, and digital nerves) → 6 patients reporting

relief of one to twelve months’ duration





CLINICAL APPLICATIONS 
IN LOWER EXTREMITY PAIN

 It is used in the intermetatarsal space for the treatment of Morton’s neuroma

 Deep Peroneal Nerve

 Medial and Lateral Calcaneal Nerves

 Wang (12 patients, cryoneurolysis on sural and digital nerves) → 6 patients reporting

relief of one to twelve months’ duration



CLINICAL APPLICATIONS 
IN PERIPHERAL NEUROPATHY

 Patients who have been diagnosed as having peripheral neuropathies may actually have

distal nerve entrapments

 Dellon’s study:

 Possible to restore sensation and relieve pain in 80% of patients with symptoms of

diabetic neuropathy by decompressing of digital, superficial peroneal, and saphenous

nerves have been implicated in all or a vast majority of the foot pain attributed to

peripheral neuropathy

 Surgical decompression techniques had similar results through the use of

cryoneuroablation

 Recommend: Cryoneuroablation on digital, superficial peroneal, and saphenous nerves

in diabetic neuropathy→ restore sensation and relieve pain



CONCLUSION

 Cryoneuroablation is an effective interventional pain management technique, providing

significant analgesia in an outpatient or office based setting

 The effect is routinely reversible, relatively painless, and is not associated with neuroma

formation

 An accurate diagnosis and meticulous localization of the nerve is critical for successful

outcome.

 Remember, “You cannot treat what you cannot diagnose”





Thank You


