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Abstract

Purpose In patients with symptomatic osteoarthritis knee
(OAK), cryoneurolysis (CRYO) and cooled radiofrequency
ablation (C-RFA) are reported to be effective and safe;
however, they have not been compared directly. The
objective of this study is to compare CRYO and C-RFA of
the genicular nerve (GN) in terms of efficacy and safety
profile in patients with Kellgren and Lawrence (KL)
grade > 3 OAK.

Methods This single-centric, assessor-blinded, random-
ized, parallel-group, non-inferiority study will include 80
patients with KL grade > 3 OAK. The patients with
> 50% pain relief on diagnostic block of three GNs will be
randomized to one of the two groups, i.e., CRYO (n = 40)
or C-RFA (n=40). The three target GNs for the
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interventions will include: superior medial, superior lateral,
and inferior medial. The primary outcome will be efficacy
of CRYO or C-RFA at 2, 12, and 24 weeks post-procedure
based on the 11-point Numerical Pain Rating Scale. The
secondary outcomes will be functional improvement based
on 12-item Oxford Knee Score and safety of both the
procedures. The study is registered in the Clinical Trials
Registry—India.

Conclusion CRYO and C-RFA provide pain relief and
improve functional outcome by preventing transmission of
pain signals, though by distinct mechanisms. While C-RFA
is an established treatment modality, recent evidence sup-
ports CRYO in patients with OAK. This study intends to
demonstrate non-inferiority of CRYO against C-RFA,
thereby supporting the use of CRYO as an additional
treatment modality in patients with KL grade > 3 OAK.
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Though CRYO & C-RFA act by distinct mechanisms, both provide pain-relief & improve functional outcome. We aim to show non-
inferiority of CRYO over C-RFA, thus supporting use of CRYO as an additional treatment modality in patients with KL grade >3 OAK.
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Cooled radiofrequency ablation - Cryoneurolysis -
Genicular nerves - Osteoarthritis knee - Pain

Introduction

Osteoarthritis knee (OAK) has a global prevalence of
22.9%, and it accounts for about 60% burden of
osteoarthritis [1]. Its management is primarily aimed at
pain relief, improved knee function, and enhanced QoL.
Presently, the conservative management, including life-
style changes, physiotherapy, analgesics, steroidal and non-
steroidal anti-inflammatory drugs (NSAIDs), intraarticular
(TIA) injections (NSAIDs, corticosteroid, hyaluronic acid,
polynucleotides, oxygen-ozone therapy, platelet-rich
plasma, and mesenchymal stem cells), and genicular artery
embolization, is focused on symptomatic relief [2, 3].
However, the relief is short-lived, and there are safety
concerns, including adverse effects on gastrointestinal,
cardiovascular, and renal systems with NSAIDs. Moreover,
they are effective only in Kellgren and Lawrence (KL)
grade 0-2 OAK, do not change the natural history or

disease progression [4], and some of the aforementioned
treatments are chondrite-destructive [5].

Genicular nerve radiofrequency ablation (GN-RFA) is a
minimally invasive procedure, and the consensus panel of
the Society of Interventional Radiology Research suggests
that GN-RFA provides durable improvement in chronic
knee pain relative to conservative therapy, or IA injections
of glucocorticoids or hyaluronic acid derivatives [3]. A
recent meta-analysis concluded that RFA is efficacious and
safe for pain relief and enhancing knee function in patients
with OAK [6]. Compared to conventional RFA and pulsed
RFA (p-RFA), cooled RFA (C-RFA) produces a larger
local neuronal lesion to increase the chances of effective
denervation [7]. However, C-RFA effectively reduces pain
by > 50% in 33% to 65% patients with OAK [8, 9]. Thus,
a substantial proportion of the patients still suffer from pain
following C-RFA of GNs.

In patients with KL grade > 3 OAK, another promising
modality for pain relief and improved knee function is
cryoneurolysis (CRYO). It acts by developing Wallerian
degeneration of the target percutaneous peripheral nerve
through application of cold temperatures (— 20 °C to
— 100 °C) resulting in disruption of nerve function while
maintaining its structure [10]. The greatest advantage of
CRYO is the organized nerve regeneration when Wallerian
degeneration is achieved [11]. Thus, CRYO produces only
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Fig. 1 Study flowchart
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temporary denervation, while C-RFA results in complete
denervation. CRYO is reported to provide significant pain
relief for up to 150 days with no serious adverse events
[12].

Though both C-RFA and CRYO are safe and effica-
cious, none of the available studies have directly compared
C-RFA with CRYO. We hypothesize that CRYO can cre-
ate a more significant lesion, thus may be more efficacious
than C-RFA. The primary objective of the study is to
compare the efficacy of CRYO and C-RFA of the GNs in
terms of pain relief in patients with KL grade > 3 OAK.
The secondary objectives are to compare CRYO and
C-RFA in terms of the functional improvement and safety
profile.

Material and Methods
Trial Design

This study protocol describes the single-centric, assessor-
blinded, randomized, parallel-group, non-inferiority study

(Fig. 1).
Study Settings

The study will be conducted at the Department of Pain
Medicine, Daradia—The Pain Clinic, Kolkata, West Ben-
gal, India, under Datta Meghe University of Higher Edu-
cation and Research (DMIHER). The study has been
approved by the Institutional Ethics Committee of DMI-
HER, and written informed consent will be obtained prior
to patient enrollment. The study is registered in the Clinical
Trials Registry—India (CTRI/2023/06/053646).

@ Springer

Eligibility Criteria

Inclusion Criteria  Patients aged 50-80 years of either sex
will be enrolled if they have

1. Primary OAK-associated chronic pain for more than
two years diagnosed by NICE clinical criteria [13],

2. Radiological diagnosis of OAK and grade > 3 based
on the Kellgren and Lawrence classification [14],

3. Mean pain score of > 5 based on Numerical Pain
Rating Scale (NPRS),

4. Reduction of pain by > 50% following diagnostic GN
block,

5. Failed conservative management,

6. Unfit or not willing for total knee replacement (TKR),
and

7. Written and oral understanding of Hindi.

Exclusion Criteria Patients fulfilling any of these criteria
will be excluded:

1. Bilateral OAK,
2. Active inflammatory arthritis, such as rheumatoid
arthritis or spondyloarthritis,
3. Post-traumatic knee pain, such as meniscal injury,
Patients with prior exposure to CRYO or C-RFA,
5. IA injection of platelet-rich plasma, corticosteroids,
or hyaluronic acid in the past 3 months,
6. Body mass index > 40 kg/m?,
7. Gross mechanical deformity of the knee joint,
8. Uncontrolled systemic disorders (diabetes, heart
disease, cancer, etc.),
9. Major psychiatric illness,
10. Presence of local or systemic infection,
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11. Bleeding diathesis, and
12.  Any known contraindication of cryoneurolysis, such
as cryoglobulinemia.

Following the diagnosis of OAK, the patients will visit
the Department of Pain Medicine for initial clinical
assessment and diagnostic block of the GNs. The enrolled
patients will be informed about the proposed treatment
options (CRYO or C-RFA) and randomized to either of the
two treatment groups.

Randomization, Concealment, and Blinding

A total of 80 patients with > 50% pain relief on diagnostic
block will be allocated in 1:1 ratio and randomly distributed to
any of the two groups (C-RFA: 40; CRYO: 40) by odd-even
registration number of the patient. Prior to each procedure, a
researcher not part of the study will seal patient details and the
randomized treatment in an opaque envelope and hand over it
to the designated staff nurse. The patients, relatives, investi-
gators, nurses, and all relevant personnel would be blinded to
the treatment. Following patient placement, target knee
preparation, induction of conscious sedation, and readiness of
pain physicians to initiate the procedure, the designated staff
nurse will open the envelope. Both generators of CRYO or
C-RFA would be available to the pain physicians. Once the
envelope is opened, the procedure will be unblinded for all
participants.

Outcome evaluation with NPRS and Oxford Knee Score
(OKS) will be performed, by a researcher, not part of the
baseline evaluation and blinded to the procedure, at 2, 12,
and 24 weeks. Moreover, data analyst will be also blinded
to the procedure. However, if a patient suffers any severe
adverse event (AE), including hematoma, intense pain, and
nerve damage, unblinding will be performed.

Initial Assessment

The baseline assessment will include the demographic
details (age, sex, and body mass index), clinical charac-
teristics (including comorbidities, duration of pain, use of
analgesics, and prior interventions of the knee joint),
radiological classification with standing antero-posterior
and lateral knee joint X-rays, clinical evaluation using the
NPRS, and the OKS. The NPRS is a 11-point scale,
ranging from O to 10, with O suggesting no pain and 10
suggesting worst imaginable pain. The OKS is a 12-item
patient-reported outcome score, especially designed to
evaluate function and pain following TKR [15].

Medications

For 10 days before the screening/baseline visiting, patients
will be instructed to stop taking any analgesics, vitamins,
chondroprotective medications, and other alternative
treatments for OAK. During the follow-up period, patients
will not be allowed to receive any additional treatment for
OAK, including viscosupplementation, steroid injections,
or analgesics, other than rescue therapy. Use of rescue
medication will be recorded. Occurrence of serious local
complications from either C-RFA or CRYO will result in
study discontinuity; however, such patients will be inclu-
ded in the analysis. The patients will be assured that further
treatment would be continued if the pain is not relieved.
They will be given a WhatsApp number to report to the
investigators at any time. Moreover, if pain relief is inad-
equate in either group and the patient is willing to undergo
TKR, then such patient will be discontinued.

Concomitant Care and Interventions

Patients will not be allowed to take rescue therapy, acet-
aminophen  (maximum 3 g/day), or etoricoxib
(120 mg/day) as rescue therapy without permission. Res-
cue analgesics would be given if the pain score exceeds 5
on an 11-point NPRS or when patients request it.

Protocols for Unexpected Outcomes

A multidisciplinary team of doctors comprising anesthesi-
ologists, critical care specialists, psychiatrists, and internal
medicine specialists’ will be formed and will be informed
in case of any unexpected outcome.

Diagnostic Genicular Nerve Block

All the procedures will be performed by an experienced
pain physicians with more than five years of experience. In
a sterile operating room, patients will be positioned supine
with the knee supported with a bolster and flexed at about
30°. During the diagnostic block, three branches of GN,
superior lateral (SLGN), superior medial (SMGN), and
inferior medial (IMGN) will be targeted. With genicular
arteries as the landmarks, three GNs will be targeted with
ultrasound (US) [16], and 2% lidocaine (2 ml) (Neon
Laboratories Ltd, Mumbai, India) will be injected.

The patient will be monitored for one hour, and the pain
will be measured with NPRS, while executing ambulation,
squatting, and other activities that usually elicit pain in the
hour preceding the clinical examination. Patients with
> 50% pain relief will proceed to the next phase, while
those with < 50% pain relief will be excluded from the
study.

@ Springer



512

G. Das et al.: Cryoablation Versus Cooled Radiofrequency Ablation...

Interventional Procedure

In the operating room, patients will be positioned supine
with their knees flexed to around 30° with the support of a
bolster. A single antibiotic dosage (third-generation
cephalosporin) will be administered to prevent infection
after the target knee has been draped and sanitized
according to the standard procedure.

Throughout the procedure, the patients would be mon-
itored and administered conscious sedation with midazo-
lam (1-2 mg IV) and/or fentanyl (25-100 mcg IV) and
supplemental oxygen. Based on the commonly reported
procedures [17-19], US will be used to locate the nerves.
The technique described by Lash et al. [20] would be used
to spot the GNs and perform accurate ablation.

C-RFA Group

Under US guidance, 2-3 mL of 1% lidocaine will be used
at each target site to anesthetize the skin and subcutaneous
tissues prior to inserting the cannula. Subsequently, a
50-150-mm 17G introducer needle will be positioned to
ablate the nerves. Prior to ablation, 1 mL of 2% lidocaine
will be given through the introducer needles. Following
introducer needle placement, an 18-G, internally cooled
4-mm active-tip RFA electrode (COOLIEF, Avanos Med-
ical Inc., GA, USA) will be inserted into the introducer
needle, and the position will be confirmed with US. The
introducer will be connected to COOLIEF* Cooled RF
Advanced Generator. Motor nerve activity will be excluded
by testing at 2 Hz and 1 mA. The C-RFA probes will be
advanced, and ablation will be completed with lesion set-
tings at 60 °C for 2.5 min.

CRYO Group

Under US guidance, 2-3 mL of 1% lidocaine will be used
to anesthetize the skin and subcutaneous tissues prior to
inserting the probe. As described above, an 18G CRYO
probe (Metrum Cryoflex, Poland) will be inserted in the
proximity of the three target points. Metrum CRYO-S
Painless (Metrum Cryoflex, Poland) will be used, which
employs carbon dioxide and achieves a temperature of
— 78 °C. A single freeze cycle will be used during the
treatment; 3 min of freezing and 1 min of active thawing
will be used following each freezing cycle.

@ Springer

Outcomes
Primary Outcome

The primary outcome would be the efficacy of CRYO or
C-RFA. It is based on the NRPS and evaluated at 2, 12, and
24 weeks post-procedure.

Secondary Outcomes

The secondary outcomes will be functional improvement
based on 12-item OKS, evaluated at 2, 12, and 24 weeks
post-procedure. Moreover, expected AEs (e.g., numbness,
bruising, swelling, erythema, and/or inflammation) related
to percutaneous nerves access and use of local anesthesia
will be evaluated at each follow-up visit and recorded
separately. The CIRSE classification system for compli-
cations will be used, and AEs occurring during the study
will be graded from 1 to 6 [21].

Sample Size

Based on the previous literature, at 24 weeks, Davis et al.
[22] reported that 74% patients had at least 50% pain relief
with CRYO, and Fogarty et al. [23] reported that 62%
patients had similar pain relief with RFA. Assuming a
power of 90%, significance level of 5%, and non-inferiority
limit of 20%, a sample size of 36 patients in each group
was calculated. Considering 10% drop-out, 40 patients
each would be required in both the groups. Sample size was
calculated with SampSize (https://app.sampsize.org.uk).

Statistical Analyses

The data will be analyzed with SPSS (IBM, Armonk, NY,
USA) version 23.0. The categorical and continuous data will
be expressed in terms of frequency (percentage) and mean
(standard deviation), respectively. The association between
categorical and continuous data will be evaluated with Chi-
square and independent sample ¢ test, respectively. Within
group, analysis will be performed with repeated measures
ANOVA followed by post-hoc analysis with Bonferroni’s
multiple comparison test. A two-tailed p value of < 0.05 will
be regarded as statistically significant.

Discussion

Conservative therapy for varying OAK grades raises safety
concerns [24], and KL grade > 3 patients often undergo
TKR, leading to increased morbidity and costs [25-27].
Non-pharmacological therapies, such as CRYO and
C-RFA, aim to alleviate pain, enhance function, and
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improve QoL [28, 29]. With these objectives, CRYO and
C-RFA have been explored and reported to have excellent
safety profile and provide significant improvement in
patients with OAK [8, 12, 22, 30-35].

Recently, Nygaard et al. [10] proposed a two-arm, par-
allel-group RCT, where 94 patients will be randomly
allocated (1:1) to a CRYO + standardized education and
exercise (CRYO group) or a Sham + standardized educa-
tion and exercise (Sham group). The target nerves would be
infrapatellar branch of the saphenous nerve and anterior
femoral cutaneous nerve, and the primary outcome will be
the change in NPRS at 2 weeks. Moreover, Panagopoulos
et al. [36] proposed a prospective, single-blind RCT, where
70 patients will be randomly allocated to a CRYO group
(n = 35) or C-RFA (n = 35). The target nerves would be
SMGN, SLGN, IMGN, and medial genicular branch from
vastus intermedius, and the primary outcome will be effi-
cacy of C-RFA or CRYO at 2, 4, 12, and 24 weeks post-
procedure based on NPRS. In the present study, both
CRYO and C-RFA groups will be treated in similar man-
ner, and SMGN, SLGN, and IMGN would be targeted.

Strengths and Limitations

The strengths include non-inferiority design, inclusion of
sufficient number of patients to depict statistical signifi-
cance of 90%, and similar target nerves for both the pro-
cedures, while the limitations include assessor-blinded
nature of study, thereby leading to performance bias. Both
procedures produce pain relief by different mechanisms,
and this difference might decrease the risk of AEs with
CRYO; it might also reduce the treatment effect, and thus
long-term pain relief might differ. Moreover, though both
the procedures will be US-guided, the treatment effect
would rely on the experience of the pain physician to
precisely spot the GNs.

Conclusion

CRYO and C-RFA prevent pain transmission in different
ways. In the present study, both the procedures will cause
spherical nerve lesion, target similar GNs, and evaluated
with similar outcome measures. The findings of the study
will result in additional treatment modality in patients with
KL grade > 3 OAK.
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