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Purpose: Treatment of chronic pain associated with occipital neuralgia (ON) is complex,
and no consensus statement or guidelines have been published for ON management. This
pilot study evaluated the efficacy and safety of cryoneurolysis for management of ON-
associated chronic pain.

Patients and Methods: The study was a prospective, multicenter, nonrandomized cohort
study assessing the degree and duration of clinical effect of cryoneurolysis therapy for
reducing pain in patients diagnosed with unilateral or bilateral ON. The primary outcome
measure was improvement in pain due to ON from baseline to day 7, measured on an 11-
point numeric rating scale for pain. Secondary outcome measures included duration of
treatment effects and safety events, including anticipated observations and adverse events.
Treatment effect was assessed at days 7, 30, and 56 by asking the patient if they were
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continuing to experience a treatment effect, with potential responses of “effect,” “no effect,”
or “no longer effective.” A posttreatment questionnaire evaluated patient satisfaction.
Results: Twenty-six patients (9 men, 17 women) with a mean age of 49.1 years enrolled and
completed the study. A total of 64% (16/25) of participants reported a clinically important
improvement of >2 points in numeric rating scale pain scores at day 7; similar results
persisted to day 30. Treatment effects were reported by 50% (13/26) of participants at day
30, with a continued effect reported by 35% (9/26) of participants at day 56. Overall, ~70%
of participants were satisfied with treatment at 7, 30, and 56 days. No serious anticipated
observations, adverse events, or unanticipated adverse device effects were reported.
Conclusion: Cryoneurolysis provided significant relief from pain associated with ON <30
days after treatment and had an acceptable safety profile.
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management

Plain Language Summary

Occipital neuralgia (ON) is a medical condition that may cause serious, stabbing headache.
Healthcare providers use a variety of treatments for ON, but there remains a need for a long-
lasting therapy for ON that also does not require a major surgical procedure.

In a clinical trial with twenty-six patients, we studied the effect of a medical procedure
called cryoneurolysis. This procedure works by freezing a specific nerve, which may help
improve pain. We studied if cryoneurolysis can improve pain due to ON a week after
receiving treatment. We also examined if this procedure had any side effects.

Sixteen out of twenty-five patients (64%) had less pain a week after treatment, and

similar results were also observed after a month. Nine out of twenty-six patients (35%)
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continued to see a positive effect from the therapy approximately
two months from the treatment. No serious side effects were
reported. Approximately two months from the treatment, twenty-
one of twenty-six patients (81%) said they would recommend the
treatment to a family member and eighteen of twenty-six patients
(69%) said they would be willing to have the treatment again.

In summary, we have observed that cryoneurolysis can pro-
vide meaningful pain relief in patients with ON for up to
a month, and cryoneurolysis appears to be safe.

Introduction

Occipital neuralgia (ON) is a cause of headache that ori-
ginates at the base of the head and spreads to the back,
front, or side of the head, including the area behind the
eyes."” ON can be unilateral or bilateral and is character-
ized by paroxysmal severe pain that is shooting, stabbing,
or sharp in quality in the distribution of the greater or
lesser occipital nerves.' The etiology of ON may be idio-
pathic or structural and can vary from patient to patient.’
For many patients, the etiology is unknown, but some
events associated with the development of ON include
irritation, inflammation, compression, or injury of the occi-
pital nerves.>*

According to the International Headache Society diag-
nostic criteria for ON, diagnosis can be confirmed on the
basis of clinical presentation of pain (ie, episodic stabbing
pain and tenderness over the affected nerve) and
a temporary improvement in pain with local anesthetic
block of the nerve.'** However, occipital nerve block is
not a specific diagnostic criterion for ON, and false-
positive results can occur with cases of migraines and
cluster headaches.® In addition, patients with ON may
experience symptoms similar to migraine or cluster head-
aches, such as photophobia, phonophobia, dizziness, nau-
sea and vomiting, and posterior scalp paresthesia, further
complicating diagnosis.>> ON is often misdiagnosed as
migraine, fibromyalgia, cervical spine arthritis, cervical
disc disease, and cervicogenic headache.>”

In addition to diagnostic difficulty, management of ON
can be complex, and there is currently no consensus treat-
ment for ON.* Management of ON typically starts with
physical measures such as posture correction, anti-
inflammatory medications, medications effective for neu-
ropathic pain (eg, anticonvulsants, antidepressants), and
opioids. Additional therapeutic approaches include botuli-
num toxin, local nerve blocks and corticosteroid injec-
tions, radiofrequency ablation, and neurostimulation. In
difficult-to-treat cases with presumed nerve entrapment,

surgical decompression is considered.>* Each strategy
offers varying relief of symptoms, duration of action, and
invasiveness. However, there remains a need for novel
nonsurgical, minimally invasive, and long-lasting
approaches to ON pain management.6

Cryoneurolysis is a form of thermal neurolysis invol-
ving the application of cold temperature to peripheral
sensory nerves to achieve a long-lasting nerve block.
When nitrous oxide is used, cryoneurolysis occurs at tem-
peratures of —20°C to —100°C.” In this temperature range,
the affected nerve will undergo Wallerian degeneration, in
which the nerve axon is targeted but the nerve sheath is
preserved, allowing for axonal regeneration.””’
Advantages of cryoneurolysis over neurolytic modalities
such as chemical neurolysis and radiofrequency ablation
include less damage to tissue architecture and adjacent
tissues and a reduced risk of neuroma.”™'" Although cryo-
neurolysis has been previously investigated for cervico-
genic headache,'? studies evaluating the potential benefit
and safety of cryoneurolysis for treatment of chronic head
pain secondary to ON are needed.

The investigated cryoneurolysis device in the current
study was precursor to a class 2 medical device cleared by
the US Food and Drug Administration (Pacira Cryotech,
Fremont, CA)."? Both devices deliver liquid nitrous oxide
within a closed-end probe to apply freezing temperatures as
low as —88°C to target nerves, resulting in reversible
Wallerian degeneration.” In addition, both systems include
an integrated skin warmer, which may protect the skin and
hair in the treatment area from subdermal or follicular
necrosis.” Previous results from a multicenter, randomized,
double-blind, sham-controlled study demonstrated that
cryoneurolysis via the newer-generation device was a safe
and effective approach to treating pain and symptoms asso-
ciated with osteoarthritis of the knee.'* Other studies have
suggested that cryoneurolysis via the newer-generation
device prior to total knee arthroplasty can reduce knee
symptoms, shorten length of hospital stay, and reduce
opioid consumption compared with standard of care.'>'¢

Use of cryoneurolysis or cryoablation (which uses
colder temperatures than cryoneurolysis) to treat unilateral
or bilateral occipital neuralgia with other devices has been
described previously.”'”'® However, additional safety and
efficacy data are required to validate the approach more
using the moderate temperature range produced by nitrous
oxide, which enables nerve regeneration. This was a proof-
of-concept pilot study designed to provide initial evalua-

tion of the efficacy, safety, and duration of clinical effect
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with cryoneurolysis in patients with ON, which may help
inform the direction of future controlled studies.

Patients and Methods
Study Design and Population

This was a prospective, multicenter, single-arm, pilot
study to assess the safety and effectiveness of cryoneur-
olysis for pain due to ON (NCTO01753765). Patients were
treated between November 2012 and December 2013.
Individuals were eligible for inclusion in the study if
they were aged >18 years, had a confirmed diagnosis of
unilateral or bilateral ON, had a mean numeric rating scale
(NRS) pain score of >4 during the 7 days leading up to the
study, and were not pregnant at the time of treatment;
patients on medication before starting treatment were
required to maintain a stable medication schedule, as
determined by the physician, prior to treatment.
Individuals were excluded if they had a current diagnosis
of fibromyalgia, chronic back pain, or chronic migraines;
history of cerebrovascular accident, head trauma, stroke,
or bone deformity; severe pain for any reason other than
ON; any clotting disorder and/or use of anticoagulant
within 7 days prior to start of treatment; injections for
pain relief or neuromodulation to the upper trunk or head
within 3 months prior to start of treatment; anesthetics or
steroids within 30 days prior to start of treatment; or

previous surgery in intended area of treatment.

A

Greater occipital
nerve

Third occipital
nerve

Lesser occipital
nerve

Posterior auricular
nerve

Procedures and Treatments

The treatment target was the greater occipital nerve
(Figure 1). Because the anatomical landmark technique
used for identifying the treatment area could not reliably
differentiate the greater occipital nerve from the lesser
occipital or the third occipital nerves, any of these nerves
may have been targeted by treatment. The nerves were
accessed by locating adjacent landmarks with ultrasound
and/or percutaneous nerve stimulation. Local cutaneous
anesthesia was administered via subdermal injection of
local anesthetic. Treatment was performed by inserting
the cryoprobe in a linear fashion, with subsequent treat-
ments to block the nerve path at the location identified by
the investigator. Each treatment cycle consisted of a 15-
second pre-warming cycle, a 60-second treatment delivery,
and a 10-second warming period after treatment. After the
treatment cycle was completed, the cryoprobe was
removed and reinserted to form a treatment line intersect-
ing the predicted nerve path. Patients with a bilateral indi-
cation could receive treatment unilaterally or bilaterally at
the discretion of the investigator.

End Points and Assessments

The primary outcome measure of the study was improve-
ment from baseline in pain due to ON at day 7 as mea-
sured on an 11-point (scale of 0 to 10) NRS for pain,
where 0 represents no pain and 10 represents very severe
pain. Pain NRS scores were also assessed before

B

Figure | Nerve map of intended treatment area, including greater occipital nerve and lesser occipital nerve (A), and anatomical dissections of the treatment area (B).
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treatment, immediately post treatment, and at 30 days post
treatment.

Secondary endpoints included duration of treatment
effects and safety, including adverse events (AEs).
Duration of treatment effect was assessed at days 7, 30,
and 56 by asking if patients were continuing to experience
a treatment effect; potential responses included “effect,”
“no effect,” or “no longer effective.” Patients who reported
a treatment effect at day 56 were monitored via phone
follow-up at 4-week intervals up to day 112 for as long as
they were experiencing a treatment effect. This assessment
was also completed via phone at days 84 and 112, and at
4-week intervals thereafter.

On the basis of known risks associated with cryoneur-
olysis devices, several treatment-related AEs (TRAEs)
were defined a priori and reported. Predefined TRAEs
were bruising, tingling, erythema, swelling, itching, local
pain/tenderness, erosion/ulceration, crusting, dimpling,
hyperpigmentation, and hypopigmentation. These antici-
pated TRAEs do not typically require medical intervention
and are transient in duration. Any AE that exceeded the
expected response to treatment in severity or in duration
was separately reported. To assess safety, the treatment
area was examined during each visit for TRAEs. All AEs
were reported. AEs, serious AEs (SAEs), and unantici-
pated adverse device effects (UADESs) were also assessed
at all visits.

To assess patient satisfaction, a posttreatment question-
naire was administered that included 4 yes/no questions:
one question regarding whether the patient would recom-
mend the treatment to a family member, one regarding
whether the patient would take the treatment again, one
regarding the occurrence of anticipated observations (ie,
safety signals), and one regarding pain from study treat-
ment. If the patient answered “yes” to the occurrence of
anticipated observations and/or pain, he or she was asked
to report the impact of anticipated observations on their
daily routine and/or determine the severity of pain from
study treatment on a scale of 1 to 5.

This postmarketing study was approved by an
Institutional Review Board (IntegReview Ethical Review
Board, now Advarra, Columbia, MD, USA) and was con-
ducted in accordance with the general principles set forth
in the International Council for Harmonisation Guidelines
for Good Clinical Practice and the Declaration of Helsinki.
All patients provided written informed consent before
enrollment in the study.

Statistical Analysis

NRS pain scores were analyzed for response rates, clini-
cally important differences, and statistically significant
improvements from baseline (ie, preprocedure day 0) at
each follow-up visit. NRS pain score changes from base-
line were calculated by subtracting the score at post-
treatment, Day 7, and Day 30 from the NRS pain score
reported at baseline, and these differences were analyzed
for statistical significance using a null hypothesis (e,
difference from baseline of 0). A paired, two-tailed #-test
was used to account for the possibility of patients worsen-
ing over the course of the study and had a significance
level of P<0.05. Duration of treatment effect was analyzed
for the number of responders at each follow-up point.

Results
Patient Disposition and Baseline

Demographics

Overall, 26 patients were enrolled in the study, including 17
patients who received bilateral treatment and 9 patients who
received unilateral treatment, for a total of 43 treatment areas.
All patients completed the study and were included in the final
analysis. The majority of the patients (n=17; 65%) in the study
were female, with a mean (standard deviation [SD]) age 0f49.1
(13.0) years and mean (SD) baseline NRS pain score of
6.3 (1.5).

Efficacy
NRS Pain Scores

NRS pain scores decreased immediately after treatment and
remained lower than baseline scores through at least day 30
(Supplemental Figure). For the primary outcome measure,

84% of patients (21/25) reported a >1 point improvement in
NRS pain scores at day 7. When NRS pain scores were
assessed immediately post treatment and at day 30, 92%
(24/26) and 78% (18/23) of patients reported a >1 point
improvement, respectively. A clinically important improve-
ment in NRS pain scores has been previously defined as an
improvement of 1.3 on a scale of 0 to 10."” Because this
study only included NRS responses on a whole-number
scale, an improvement of >2 points was considered clinically
meaningful, which was experienced by 88% (23/26), 64%
(16/25), and 74% (17/23) of patients immediately post treat-
ment, at day 7, and at day 30, respectively. Moreover, mean
(SD) NRS improvements of 2.8 (2.1), 3.8 (2.3), and 3.6 (2.4)
exceeded the clinically important threshold immediately
posttreatment, at day 7, and at day 30, respectively (Table 1).
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Table 1 Mean Improvement in NRS from Baseline

Parameter Baseline (n=26) Posttreatment (n=26) Day 7 (n=25)* Day 30 (n=23)
Mean (SD) NRS score 6.3 (1.5) 2.8 (2.1) 3.8 (2.3) 3.6 (24)
Mean (SD) point improvement - 3522 2.5 (2.5) 2.7 (2.2)
Mean (SD), % improvement - 55 (31) 35 (42%) 43 (35)
P value (change from baseline) - <0.0001 <0.0001 <0.0001
Note: *NRS was not assessed for | patient at day 7.
Abbreviations: NRS, numeric rating scale; SD, standard deviation.
Duration of Treatment Effect Table 3 Patient Satisfaction
The proportion of patients reporting a treatment effect at Parameter, n/N (%) Day 7 Day 30 Day 56
each follow-up was calculated both as a proportion of the
. . ] Would recommend to | 18/26 (69) | 19/23 (83) | 21/26 (81)
total study population and as a proportion of the patients family member
with data at each respective follow-up visit (Table 2).
. . Would have treatment 18/26 (69 16/23 (70 18/26 (69
At day 30, 50% of patients (13/26) reported a continued again ©9) 70 (©9)

effect from treatment, and at day 56, 35% (9/26) reported
a continued effect. Treatment effects were reported at up to
112 days after cryoneurolysis in some patients.

Patient Experience

The responses to the questionnaire on patient satisfaction
are shown in Table 3. At day 7, 69% of patients (18/26)
indicated that they would recommend the treatment to
a family member; this number increased to 81% (21/26)
at day 56. When asked whether they would be willing to
have the treatment again, 69% of patients (18/26)
responded “yes” at days 7 and 56.

A total of 54% (14/26), 4% (1/23), and 0 patients reported
treatment-related pain on days 7, 30, and 56, respectively.
Patients who reported pain were asked to rate the pain on
ascale of 1 to 5 (1 =not at all painful, 5 = very painful); only
one patient at day 7 reported treatment-related pain as a 4,
and all other pain scores were <3.

Safety

Anticipated Treatment-Related Adverse Events

At day 7, 77% (20/26) of patients reported anticipated
TRAES, but this proportion decreased at subsequent fol-
low-up visits (Table 4). Most patients who reported any

anticipated TRAEs indicated these events had little to no
impact on their daily routine.

Anticipated TRAEs were assessed per treatment area
across all patients (Table 5). No severe anticipated TRAEs
were reported in the study. The most frequently reported
anticipated TRAE was crusting at the insertion site. Crusting
was reported as mild in 23/43 (53%) treatment areas and
moderate in 4/43 (9%) treatment areas at day 7; all crusting
resolved before the assessment on day 30. Redness/inflam-
mation, local pain, swelling, itching, and hyperpigmentation
were all reported in over 20% of the study population at day
7. Twelve percent of patients reported mild tingling at day 7,
and all cases of tingling resolved by day 30; however, 2
additional reports of tingling were reported at day 56 in 2
patients who had not previously reported any tingling.
Anticipated TRAEs were less prevalent beyond day 7; red-
ness/inflammation, local pain, itching, hyperpigmentation,
and tingling were reported in <10% of patients on days 30
and 56. No new cryoneurolysis treatment risks were docu-
mented in the study population.

A total of 6 AEs reported by 5 patients (19%) were
unanticipated in either type, severity, or duration, of which

Table 2 Patients Reporting Continued Treatment Effect Over Initial Follow-Up Period

Population Day 7 Day 30 Day 56 Day 84 Day 112
Patients with treatment effect in study population, n/N (%) 16/26 (62) 13/26 (50) 9/26 (35) 4/26 (15) 3/26 (12)
Patients with treatment effect in completed population,* n/N (%) 16/26 (62) 13/23 (57) 9/21 (43)° 4/8 (50) 3/4 (75)

Notes: *Calculated as proportion of patients with treatment effect out of the total number of patients with treatment effect data at each respective follow-up visit. ®One
study site (including 5 patients) did not assess treatment effect at the day 56 follow-up visit.
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Table 4 Patient-Reported Anticipated TRAEs

Parameter Day 7 Day 30 Day 56
Patients with any anticipated TRAE, n/N (%) 20/26 (77) 4/23 (17) 3/26 (12)
Impact of anticipated TRAE on daily routine®
| (very negative impact) 0/20 (0) 0/4 (0) 0/3 (0)
2 1/20 (5) 1/4 (25) 0/3 (0)
3 4/20 (20) 0/4 (0) 1/3 (33)
4 6/20 (30) 3/4 (75) 0/0 (0)
5 (no impact at all) 9/20 (45) 0/4 (0) 2/3 (67)

Note: *Only includes patients who reported any anticipated TRAEs.
Abbreviation: TRAE, treatment-related adverse event.

2 AEs (pain in treatment area and increased pain in neck
area) were considered possibly treatment related. Both
events were considered moderate in severity and did not
require an intervention. No serious AEs, discontinuations
due to AE, or unanticipated adverse device effects were
reported during the study.

Discussion
Cryoneurolysis provided rapid and meaningful relief from
pain associated with ON. A total of 88% of patients experi-
enced clinically important improvement in pain scores (=2
points) on the day of the treatment. The NRS scores also
significantly improved from baseline by mean 3.5 points on
the day of treatment, representing an average of a 55%
improvement in pain scores from baseline. Significant reduc-
tions in pain scores were consistently observed through day
30, and the mean reduction in NRS score exceeded the clini-
cally important improvement threshold at day 30. The effects
of cryoneurolysis lasted up to 8 weeks in 35% of patients.
Diagnostic challenges due to resemblance of ON man-
ifestations to other disorders’® and lack of consensus

Table 5 Reported Anticipated TRAEs by Treatment Area®

guidelines make managing ON difficult. Over-the-counter
pain medications have short-term effects on pain asso-
ciated with ON and may have increased risks with long-
term use.**' Occipital nerve blocks using local anesthetics
with or without steroids can produce short-term relief of
symptoms, but their limited duration of action may restrict
their use as long-term management.* Although botulinum
toxin has had success in management of migraines,”” use
of botulinum toxin to manage pain associated with ON has
not been consistently helpful.* Pulsed radiofrequency
treatment has demonstrated short- to intermediate-term
pain control for patients with ON,* but important prospec-
tive evidence on the effectiveness of pulsed radiofre-
More

neurostimulation has been shown to provide symptom

quency treatment is  lacking. recently,
relief in patients with ON, but it requires an implanted
electrode and, in most cases, an implanted pulse generator
for long-term use.*** Use of cryoneurolysis within the
moderate temperature range produced by nitrous oxide to
associated with ON

a minimally invasive, effective, and safe alternative for

manage pain could provide

Anticipated TRAE, n (%)? Day 7 (N=43) Day 30 (N=37) Day 56 (N=29)°
Mild Moderate Severe Mild Moderate Severe Mild Moderate Severe

Crusting 23 (53) 49 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Erythema 17 (43) 3(7) 0 (0) 2 (5) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Local pain 12 (28) 5(12) 0 (0) 2 (5) 0 (0) 0 (0) 1 (3) 0 (0) 0 (0)
Swelling 11 (26) 1 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0(0) 0 (0) 0 (0)
Itching 9 (21) 0 (0) 0 (0) 1 (3) 0 (0) 0 (0) 2 (7) 0 (0) 0 (0)
Hyperpigmentation 8 (19) 1 (2) 0 (0) 2 (5) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Bruising 5(12) 2 (5) 0 (0) 0(0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Tingling 5(12) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (7) 0 (0) 0 (0)

Notes: “Includes 26 patients with a total of 43 treatment areas. bHypopigment,ation, dimpling, and erosion were not reported by any patient at any follow-up visit.
“Anticipated TRAEs were not assessed at day 56 for 8 patients (14 total treatment areas).

Abbreviation: TRAE, treatment-related adverse event.
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these patients. Overall, this pilot study found cryoneuro-
lysis therapy to be safe and tolerable, with no reported
serious AEs, device-related serious AEs, or new cryoneur-
olysis-related risks to patients.

The favorable safety profile of cryoneurolysis may
enable repeated treatments for chronic pain without
increasing risks for patients; however, utility of repeated
treatment requires further study. Cryoneurolysis is not
expected to have a permanent effect on pain, as the
—88°C temperature achieved by the probe investigated
here causes degeneration of the axon yet preserves the
nerve sheath, allowing the targeted nerve to regenerate
and regain function.” Multiple cryoneurolysis treatments
with the device investigated in this study have demon-
that is
predictable,’ extending the potential clinical benefits of

strated nerve regeneration consistent and
this therapy. However, while the NRS pain scores
reported in this study were significantly reduced com-
pared with baseline scores (P < 0.0001), pain was not
completely abolished (ie, NRS pain scores did not
reach 0). The significance of this result is beyond the
scope of the current study, and future studies may help
determine the optimal approach for management of ON-
associated pain.

There were several limitations to this study. The main
limitation of this study was its uncontrolled, unblinded
design, which precludes a comparison of the investigated
treatment with other ON treatments. Although this was
a prospective study, the lack of a control group likens this
pilot study to a case series and introduces potential for
bias. Thus, the efficacy reported in this report should be
interpreted carefully. In addition, the small population size
included in this study limits the generalizability of these
findings. Finally, this study did not include outcome mea-
sures to assess the impact of cryoneurolysis on partici-
pants’ quality of life (eg, PQRST, QISS TAPED).
However, these limitations do not preclude the utility of
this preliminary study in informing future, more rigorous,
clinical trials. While any conclusions drawn from this
pilot study must be limited, the results provide founda-
tional knowledge on the degree and duration of cryoneur-
olysis effect to support larger, controlled studies of this
treatment in patients with ON. Future clinical studies of
cryoneurolysis for treatment of chronic head pain second-
ary to ON should include a comparator group (eg, placebo
or sham procedure, or active control of another ON treat-
ment); a randomized design; more thorough characteriza-
tion of the participant population at baseline, including the

duration of chronic pain associated with ON; and compar-
isons of both NRS pain scores and quality-of-life mea-
sures (eg, PQRST, QISS TAPED) between treatment
groups.

In the majority of patients in this study, cryoneurolysis
therapy provided fast-acting and durable pain management
due to ON, and no serious AEs were reported. The efficacy
and safety observed in this pilot study support further
investigation of cryoneurolysis for relief of chronic pain
associated with ON.
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