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PERIOPERATIVE MEDICINE

ANESTHESIOLOGY | e

Background: Ultrasound-guided percutaneous cryoneurolysis is an anal-
gesic technique in which a percutaneous probe is used to reversibly ablate

= a peripheral nerve(s) using exceptionally low temperature, and has yet to be
Preoperat“’e Ultrasound- evaluated with randomized, controlled trials. Pain after mastectomy can be
difficult to treat, and the authors hypothesized that the severity of surgically o

gl“dﬂd PerGUtaneous related pain would be lower on postoperative day 2 with the addition of cryoan- 3
c = algesia compared with patients receiving solely standard-of-care treatment.

ryoneurOIVSIS for Methods: Preoperatively, participants at one enrolling center received a sin-

H gle injection of ropivacaine, 0.5%, paravertebral nerve block at T3 or T4, and

the Treatment Of Paln perineural catheter. Participants subsequently underwent an active or sham%

ultrasound—guided percutaneous cryoneurolysis procedure of the ipsilateral &

aﬂer MaSteCtomy: A T2 to T5 intercostal nerves in a randomized, patient- and observer—masked%
= P fashion. Participants all received a continuous paravertebral block with ropiv- g
Rand0m|23d, Part'ﬁ'pant' acaine, 0.2%, until the early morning of discharge (usually postoperative day ]

2). The primary endpoint was the average pain level measured using a 0 to 10 %

and Obser\’er'maSked, numeric rating scale the afternoon of postoperative day 2. Participants were &
followed for 1 yr.
Sham-controlled Study e
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Results: On postoperative day 2, participants who had received active cry- 3
oneurolysis (n = 31) had a median [interquartile range] pain score of 0 [0 &
to 1.4] versus 3.0 [2.0 to 5.0] in patients given sham (n = 29): difference §
—2.5 (97.5% Cl, 3.5 to —1.5), P < 0.001. There was evidence of superior %
analgesia through month 12. During the first 3 weeks, cryoneurolysis lowered %
cumulative opioid use by 98%, with the active group using 1.5 [0 to 14] mg of @
oxycodone compared with 72 [20 to 120] mg in the sham group (P < 0.001).
No oral analgesics were required by any patient between months 1 and 12.
After 1 yr chronic pain had developed in 1 (3%) active compared with 5 (17%)
sham participants (P < 0.001).

Conclusions: Percutaneous cryoneurolysis markedly improved analgesia
without systemic side effects or complications after mastectomy.

EDITOR’S PERSPECTIVE (AnesTHESIOLOGY 2022; 137:529-42)
What We Already Know about This Topic

e Percutaneous cryoneurolysis is a nonpharmacologic treatment
used primarily for the control of chronic pain B

reast cancer is the most common malignancy in women,
with more than 1,600,000 new cases and a half-
million deaths identified annually worldwide.! Between

What This Article Tells Us That Is New 36 and 40% of patients diagnosed with breast cancer
undergo mastectomy—approximately 100,000 annually

e The ability of cryoneurolysis to control pain after breast surgery has
not been evaluated

e A randomized trial design was used to compare analgesic require-
ments after breast surgery in those receiving paravertebral anes- i ) 0 -
thetic blocks with those receiving the same blocks plus intercostal ing during the past 2 decades.*” In addition, tens of thou-

in the United States alone—with these numbers increas-

cryoneurolysis sands of women undergo prophylactic mastectomies due
e Patients receiving cryoneurolysis reported less pain on postopera- to either identified cancer in the contralateral breast or
tive day 2, suggesting benefit of this treatment identification of genetic mutations (e.g., BRCA1), both of
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which indicate an elevated cancer risk.*® Pain in the acute
postoperative period is frequently severe and can last for a
month or more.°

Furthermore, mastectomy is one of the four surgical
procedures at highest risk for transitioning from acute to
persistent (chronic) pain,” with up to 57% of patients expe-
riencing pain 6 to 12 months after surgery.® Inadequately
controlled acute pain in the period after surgery is one of the
greatest risk factors for the development of chronic pain.®
It therefore follows that improving postoperative analgesia
could greatly decrease the incidence of persistent postmas-
tectomy pain.'"'? Indeed, single-injection peripheral nerve
blocks lasting less than 1 day have lowered persistent post-
mastectomy pain at 3 and 12 months."*"* Extending the
peripheral nerve block 2 days with a continuous paraverte-
bral nerve block further lowered the incidence of chronic
pain.’

Cryoneurolysis is an analgesic technique consisting of
the application of exceptionally low temperatures (approx-
imately —70°C using nitrous oxide) to reversibly ablate
peripheral nerves, resulting in prolonged pain relief termed
“cryoanalgesia.”'® Originally, cryoneurolysis was adminis-
tered via a surgical incision in which the target nerve was
surgically exposed for direct treatment with a probe, greatly
limiting applicability.'” However, the development of probes
that may be inserted percutaneously using ultrasound guid-
ance enabled application without surgically exposing the
target nerve(s)."® The procedure is essentially the same as
placing an ultrasound-guided peripheral nerve block; how-
ever, instead of injecting local anesthetic, a gas circulates
through the probe inducing cold at the distal end and freez-
ing the target nerve.'® Nothing remains within the patient,
and there is no external equipment to prepare, manage, or
malfunction—a single administration results in effects mea-
sured in weeks to months without any subsequent patient
or healthcare provider interventions.
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Although multiple case reports of perioperative ultra-
sound-guided percutaneous cryoneurolysis suggest sub-
stantial analgesic and opioid-sparing benefits after painful
surgical procedures,' only a single randomized, controlled
pilot study involving 12 patients having lower extremity
procedures has been published.! We theorized that a single
preoperative cryoneurolysis application would significantly
lower postmastectomy acute and chronic pain, as well as
associated opioid requirements. We therefore conducted
a randomized, controlled study to evaluate the use of this
modality for the treatment of pain after mastectomy to (1)
determine the feasibility of and optimize the study proto-
col for a subsequent definitive clinical trial and (2) estimate
analgesia and opioid reduction within the first postoperative
year. The primary hypothesis tested was that the severity of
surgically related pain would be lower on postoperative day
2 with the addition of cryoanalgesia compared with patients
receiving solely standard-of-care treatment.

Materials and Methods

This study followed Good Clinical Practice and was
conducted within the ethical guidelines outlined in the
Declaration of Helsinki. The protocol was approved by
the Institutional Review Board (University of California,
San Diego, California) and prospectively registered (clin-
icaltrials.gov NCT03578237; Principal Investigator: Brian
M. Ilfeld, M.D., M..S.; initial posting: July 6, 2018). Written,
informed consent was obtained from all participants.

Participants

Enrollment was offered to adult patients at least 18 yr
scheduled for uni- or bilateral mastectomy with a planned
single-injection and continuous paravertebral nerve block
for postoperative analgesia at a single enrolling center.
Patients were excluded for (1) chronic analgesic use, includ-
ing opioids (daily use within the 2 weeks before surgery
and duration of use greater than 4 weeks); (2) pregnancy;
(3) incarceration; (4) inability to communicate with the
investigators; (5) morbid obesity (body mass index greater
than 40 kg/m?); and any contraindication specific to percu-
taneous cryoneurolysis, such as a localized infection at the
treatment site, cold urticaria, cryofibrinogenemia, cryoglob-
ulinemia, paroxysmal cold hemoglobinuria, and Raynaud’s
disease.

Immediately before surgery, participants had a single-
injection paravertebral catheter inserted at T3 (surgery with
anticipated axillary dissection) or T4 (no axillary dissection
anticipated) in either a seated or prone position (patient
preference) using a technique described previously.® Fifteen
milliliters of ropivacaine, 0.5%, with epinephrine, 5 pg/ml,
was injected through the perineural catheter with gentle
aspiration every 3ml. Catheter placement was considered
successful if, within 30min, the patient experienced any
decreased sensation to cold temperature with an alcohol

lifeld et al.
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pad over the approximate level of the ipsilateral third or
fourth thoracic dermatome. Misplaced catheters were
replaced successfully, or the patient was excluded from fur-
ther study participation. For subjects undergoing bilateral
mastectomy, with the use of the same protocol, a catheter
was subsequently inserted on the contralateral side.

Treatment Group Assignment

After confirmation of successful perineural catheter inser-
tion defined by sensory changes in the third or fourth
intercostal nerve distribution, participants were randomly
allocated to one of two treatments: (1) active cryoneu-
rolysis or (2) sham. Computer-generated randomization
lists were used by the University of California San Diego
Investigational Drug Service (San Diego, California) to
create sealed, opaque randomization envelopes enclosing
the treatment group assignment. Randomization was strat-
ified by laterality (unilateral vs. bilateral) in a 1:1 ratio in
blocks of four (Statmate; GraphPad Software, San Diego,
California). The investigator administering the study inter-
vention opened the randomization envelope. Therefore,
investigators, subjects, and clinical staff were masked to
treatment group assignment, with the only exception being
the unmasked individual who performed the procedure
(and did not have subsequent contact with the participant).

Study Intervention

The second to fifth intercostal nerves were treated on the
ipsilateral surgical side (in the final 20 participants, the first
intercostal nerve was also treated for cases with axillary dis-
section). Using a curved-array transducer, the intercostal
nerve was visualized using ultrasound just inferior to each
treated rib immediately lateral to the costotransverse joint.
For the first 18 participants, a handheld cryoneuroly-
sis machine was used (Iovera, Myoscience, Redwood City,
California; before acquisition by Pacira Pharmaceuticals).?’
For subjects randomly assigned to sham, an intravenous
cannula-type hollow-bore introducer was inserted just
through the skin and a 90-mm probe (Iovera Smart Tip,
Myoscience) subsequently inserted for the treatment
duration to simulate a cryoneurolysis treatment. Because
all subjects had a paravertebral block and the intercos-
tal cryoneurolysis approach was via the participant’s back
and outside their line of vision, subjects remained masked
to treatment group assignment. For subjects randomly
assigned to receive cryoneurolysis, the same procedure was
used, only with the introducer inserted deeper toward the
target nerve, the probe situated adjacent to the intercostal
nerve, and nitrous oxide passed through the probe result-
ing in cryoneurolysis. The specific number and duration of
nitrous oxide cycles per treatment is proprietary for this
device, but a light and tone indicate treatment conclusion.
For the remaining 42 participants, the hand-
held device replaced by a

was cryoneurolysis

Percutaneous Cryoneurolysis for Mastectomy

console (PainBlocker, Epimed, Farmers Branch, Texas).
Cryoneurolysis probes are available for the console that
either (1) pass nitrous oxide to the tip inducing freez-
ing temperatures or (2) vent the nitrous oxide at the
base of the probe so that no gas reaches the probe tip,
resulting in no temperature change. Importantly, these
probes are indistinguishable in appearance and audi-
ble cues; therefore, investigators, participants, subjects,
and all clinical staff were masked to treatment group
assignment (with the exception of the treating phy-
sician performing the cryoneurolysis). The introducer
was inserted beneath the ultrasound transducer and
directed until immediately adjacent to the target nerve.
The appropriate probe (active vs. sham) was inserted
through the introducer and the cryoneurolysis device
was triggered using 3 cycles of 2-min gas activation
separated by 1-min defrost periods.?!

Of note, it is impossible to mask the individual per-
forming the cryoneurolysis procedure because the ice
ball forming at the distal end of the probe—with active
treatment—is clearly visible by ultrasound; and the lack of
an ice ball for placebo subjects is equally clear (fig. 1).%
It is essential to continuously visualize the probe and tar-
get nerve throughout the freeze/thaw cycles to ensure that
(1) the entire nerve diameter is adequately treated and (2)
the ice ball remains relatively motionless to prevent it from
tearing surrounding tissue. This cannot be achieved if the
ultrasound is turned off during nitrous oxide administration
to mask the provider, and we prioritized patient safety over
provider masking.

For all participants, the process was repeated for each
treated intercostal nerve. For bilateral mastectomies, the
entire process was repeated on the contralateral side with
the same probe. Participants received a general anesthetic
with intravenous propofol or inhaled volatile anesthetic in
nitrous oxide and oxygen. Intravenous fentanyl was admin-
istered for cardiovascular responsiveness to noxious stimuli
at the discretion of the anesthesia provider.

Postoperative Treatments

All participants received oral acetaminophen (975 mg
four times daily) and a perineural infusion initiated
before recovery room discharge: ropivacaine, 0.2%, at
8ml/h, 4-ml bolus, and 30 (unilateral) or 60 (bilat-
eral) min lockout. Administration of rescue analgesics
for breakthrough pain was determined by pain sever-
ity using the numeric rating scale: oxycodone 5mg
(numeric rating scale less than 4) or 10 mg (numeric
rating scale greater than or equal to 4). While the subject
was hospitalized, pain was reassessed 30 min later and
intravenous morphine (2 to 4mg) was repeated every
30min until the numeric rating scale was less than 4.
Nonsteroidal anti-inflammatory drugs, gabapentin, ket-
amine, and other analgesics, were not permitted per

Anesthesiology 2022; 137:529-42
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Fig. 1. Ultrasound images of percutaneous cryoneurolysis of an intercostal nerve.

the surgical service for the first postoperative month.
Subjects remained hospitalized one to three nights
and were subsequently discharged home after catheter
removal by healthcare providers at approximately 6:00
AM the morning of discharge. Subjects and their caretak-
ers were provided with contact information of an inves-
tigator available at all times and prescriptions for their
outpatient oral medications that did not differ from the
oral analgesics provided in the hospital.

Unmasking

Observers were masked to treatment group assignment. After
the full year of data collection for the first 30 participants,
the treatment allocation of these individuals was unmasked
exclusively for the principal investigator. Although not ana-
lyzed statistically, aggregated data were included as pilot
data for a federal grant proposal (W81 XWH-21-PRMRP-
CTA). After study conclusion, the remainder of the group
allocations were unmasked for the principal investigator
who subsequently provided the dataset to the statistician
for analysis in a masked fashion, with participants combined
into unidentified “Treatment A” and “Treatment B” groups.
After the completion of analysis, the study results were pro-
vided to each participant electronically and/or through the
U.S. Postal Service.

Anesthesiology 2022; 137:529-42
Copyright © 2022, the American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.

Outcome Measurements (Endpoints)

We selected outcome measures that have established reli-
ability and validity, with minimal inter-rater discordance,
and are recommended for pain-related clinical trials by the
World Health Organization and the Initiative on Methods,
Measurement, and Pain Assessment in Clinical Trials
(IMMPACT) consensus statement.” Qutcomes were evalu-
ated at baseline (before treatment) and on postoperative days
1,2,3,4,7, 14, and 21, as well as months 1, 3, 6, and 12.
Baseline data and outcome measurements during hospital-
ization were collected in person, whereas all subsequent out-
comes were collected by telephone. Staft blinded to treatment
group assignment performed all measures and assessments.

Days 1 to 21

The numeric rating scale is a highly sensitive measure of
pain intensity with numbers ranging from 0 to 10, zero
equivalent to no pain and 10 equivalent to the worst imag-
inable pain;and is a valid and reliable measure for evaluating
analgesic interventions.”* Additionally, numeric rating scale
scores correlate well with other measures of pain inten-
sity, and demonstrate high test—retest reliability.®® These
numeric rating scale characteristics led to World Health
Organization and the Initiative on Methods, Measurement,

lIifeld et al.
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and Pain Assessment in Clinical Trials consensus recom-
mendations for use of the 10-point numeric rating scale
of pain intensity for pain trials.” Participants were asked
to rate the “worst” (maximum) pain level they had expe-
rienced in the previous 24 h, as well as the “average” level
of pain as measured using the numeric rating scale. The
“average” pain score queried the afternoon of postoperative
day 2 was designated as the primary outcome measure. If
a patient responded with a range, the average of the range
was recorded (e.g., “two to three” was recorded as 2.5).
Participants were also asked if they had difficulty sleeping
due to pain (binary response: yes or no) and the number of
awakenings due to pain the previous night. Last, participants
were asked if they had experienced nausea rated on a 0 to
10 scale, with 10 equivalent to vomiting.

Months 1 to 12

The primary instrument was the Brief Pain Inventory
(short form) that assesses pain and its interference with
physical and emotional functioning.”” The instrument
includes three domains: (1) pain in the surgical site, with
four questions using an numeric rating scale to evaluate

99 ¢

four pain levels: “current,” “least,” “worst,” and “average”;
(2) percentage of relief provided by pain treatments with
one question; and (3) intetference with physical and emo-
tional functioning using a 0 to 10 scale (0 = no interfer-
ence; 10 = complete interference). The seven interference
questions involve general activity, mood, walking ability,
normal work activities (both inside and outside the home),

>7 These seven

relationships, sleep, and enjoyment of life.
functioning questions can be combined to produce an
interference subscale (0 to 70).The use of both single items
(e.g., mood) and the composite scores is supported by the
Initiative on Methods, Measurement, and Pain Assessment
in Clinical Trials consensus recommendations for assessing
pain in clinical trials.** In addition, phantom pain—pain
in a part of the body that no longer exists—and nonpainful
phantom breast sensations during the previous 72h were
recorded for average intensity using the numeric rating
scale, incidence, and average duration. Last, analgesic use
for surgical area pain was recorded for both opioids and
other medication classes.

Adverse events were recorded and reported to the
Institutional Review Board. No compensation was pro-
vided to subjects for study participation.

Statistical Analysis

The sample size estimation was centered around the hypoth-
esis that cryoneurolysis lowers the incidence and severity of
postmastectomy pain in the week after surgery. To this end,
the primary outcome measure was the average numeric rat-
ing scale (as administered as part of the Brief Pain Inventory)
queried on the afternoon of postoperative day 2. The dif-
ference in the distribution of numeric rating scale between

Percutaneous Cryoneurolysis for Mastectomy

groups was assessed using the Mann-Whitney U test. The
investigators approximated power using the two-sample ¢
test. Assuming a SD of 2.25 points on the numeric rating
scale, and a minimum clinically meaningful difference of
two points on the numeric rating scale,® n = 30 patients
per group provided 86% power with a two-sided o = 5%.

The f test approximation was confirmed by simulating
integer-valued numeric rating scale scores in the range 0
to 10. One group was simulated by rounding normally
distributed data with mean 1.5 and SD 2.5 (resulting in
median of 2 and interquartile range O to 3); and the other
with mean 3.5 and SD 2.5 (resulting in median of 4 and
interquartile range 1 to 5).° When 10,000 trials were sim-
ulated under these assumptions, the Mann-Whitney U test
provided 89.5% power, and Type I error was maintained
at 4.85%.

Baseline characteristics of the randomized groups
were summarized with means, standard deviations, and
quartiles. Balance between groups was assessed following
the approach described by Schober ef al.® Specifically,
standardized differences were calculated using Cohen’s
d whereby the difference in means or proportions was
divided by the pooled SD estimates. Any key variables
(e.g., age, sex, height, weight, body mass index, etiology,
laterality, and lymph node dissection) with an absolute
standardized difference greater than 1.96x+/2/n = 0.506,

3 was noted

where n is the target sample size per group,
and included in a sensitivity analysis with a generalized
linear model (e.g., logistic regression for incidence rates or
linear regression for pain severity numeric rating scale) to
obtain an estimate of the treatment effect adjusted for the
imbalanced covariate(s). If key model assumptions were
violated (i.e., homoscedasticity or Gaussian distribution
for linear models), data transformations and/or alterna-
tive generalized linear models were applied, as appropriate
(Supplemental Digital Content, http://links.lww.com/
ALN/C881).The primary analytic approach for this study
included unadjusted two-sample Mann-Whitney U test
or chi-square test for two proportions, as appropriate. No
multiplicity adjustments were performed for this study. Cls
associated with the Mann-Whitney U test are provided by
normal approximations with continuity correction.” All
tests were two-sided and P < 0.05 was considered statis-
tically significant.

Secondary analyses included longitudinal linear model
fit by generalized least-squares method controlling for any
imbalanced covariates. Residuals were assumed to have an
unstructured correlation and heterogeneous variance per
time point. If estimation under those assumptions failed
to converge, simpler assumptions were attempted, namely
compound symmetric heterogeneous and finally com-
pound symmetric with a power variance function of time.*

R version 3.4.4 (R-project.org) was used for sample size
calculations and simulations. R version 4.1.1 (August 10,
2021) was used for analysis.

Anesthesiology 2022; 137:529-42
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Results

Between August 2018 and March 2021, a total of 60 par-
ticipants were enrolled, had successful paravertebral block
administration and catheter insertion, and were randomly
assigned to either active (n = 31) or sham (n = 29) cryoneu-
rolysis (fig. 2). Among baseline characteristics (table 1), only
the lymph node dissection rate was imbalanced between

the two randomized groups with an absolute standardized
difference of 0.557 (greater than an imbalance criterion
of 0.506) and was adjusted for in sensitivity analyses. Age,
height, weight, body mass index, laterality, and lymph node
dissection exceeded the conventional absolute standardized
difference threshold of 0.1 and were adjusted for in a second
set of sensitivity analyses. One patient who had received
cryoneurolysis withdrew from the study on postoperative

Assessed for Eligibility (n=117)

A

y

Excluded (n=57)
+ Not meeting criteria (n=38)
 Declined participation (n=19)

Hmﬁnmd

! ( Allocation ]

A 4

Allocated to eryoneurolysis (n=31)
+ Received active intervention (n=31)
« Did not receive cryoneurolysis (n=0)

Allocated to sham (n=29)
+ Received sham intervention (n=29
+ Did not receive sham (n=0)

v

(Analysis, Primary Outcome (Day 2)]

v

Primary end point
* Included (n=30)
« Could not contact (n=1)

+ Included (n=29)
+ Excluded (n=0)

+ [ Analysis (Days 1 -21) ] l,

Allincluded, with these exceptions:
« Day 14 (n=1, withdrew)
« Day 21 (n=1, withdrew previously)

All included, with this exception:
+ Day 14 (n=1, could not contact)

) J
Primary end point J

+ [ Analysis (Months 1 - 12) ]

mnth 1 \

* Included (n=30)

+ Withdrew previously (n=1)
Month 3

* Included (n=30)

+ Withdrew previously (n=1)
Month 6

* Included (n=30)

+ Withdrew previously (n=1)
Month 12

* Included (n=30)

+ Withdrew previously (n=1)

- /

Fig. 2. Consolidated Standards of Reporting Trials diagram.
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Table 1. Population, Procedural Information, and Day of Discharge.

Percutaneous Cryoneurolysis for Mastectomy

Cryoneurolysis Sham (Placebo)
(n=31) (n=29) Absolute Standardized Difference

Age, yr 43 (35-54) 42 (36-59) 0.135
Female, % 100% (31) 100% (29) —
Height, cm 163 (160-169) 163 (157-165) 0.235
Weight, kg 62 (55-67) 66 (55-76) 0.204
Body mass index, kg/m? 23 (21-26) 25 (22-29) 0.345
Primary indication 0.030

Malignancy 84% (26) 83% (24)

Prophylactic 16% (5) 17% (5)
Laterality 0.426

Unilateral 35% (11) 48% (14)

Bilateral 65% (20) 52% (15)
Lymph node dissection 12 (39%) 19 (66%) 0.557
Day of discharge’ P=0.39

1 3% (1) 3% (1)

2 94% (29) 86% (25)

3 3% (1) 10% (3)

Values are reported as median (interquartile range) or percentage (number of subjects). Any variable with an absolute standardized difference greater than 0.506 was considered

imbalanced.
“Totals not equal to 100% due to rounding error.

day 7 (she did not want to receive data collection phone
calls). All patients were contacted and all outcomes were
successfully collected with the exception of the one patient
who withdrew (data missing for day 14 to month 12), one
participant in the treated group at month 6, and 3 partici-
pants in the control group at month 12.

Primary Outcome

On postoperative day 2, participants who had received
active cryoneurolysis had a median [interquartile range]
pain score of 0 [0 to 1.4] versus 3.0 [2.0 to 5.0] in patients
given sham: difference 2.5 (97.5% CI, -3.5 to —1.5), P <
0.001. Results were similar when adjusting for lymph dis-
section in a linear model (2.7 more points with sham, 95%
CI, 1.8 to 3.6; P < 0.001) and a proportional odds model
(odds of worst average pain on day 2 with the sham is 17.9,
95% CI, 5.6 to 57.1; P < 0.001).” The effect of lymph node
dissection was not significant in either model. Results were
also similar adjusting for all covariates with absolute stan-
dardized difference greater than 0.1 (2.5 more points with
sham, 95% CI, 1.6 to 3.5; P < 0.001) or 18.7 odds of worse
pain with sham (95% CI, 5.6 to 62.7; P < 0.001).

Secondary Outcomes

Worst (maximum) and average pain scores were lower for
the active treatment group at each time point from days 1
to 21, as well as various other time points through month
6 (fig. 3). Post hoc analysis found that one participant in the
cryoneurolysis group (3%) was discharged a day later than
normal due to pain versus 3 (10%) in the control group (P =
0.346). Participants who had received active cryoneurolysis

reported a complete absence of pain at a higher percentage
than controls at each time point through month 12 (fig. 4).
Post hoc analysis revealed that 48% of the treatment group
experienced solely mild pain (numeric rating scale less than
4) throughout the entirety of the first year, compared with
10% of controls (fig. 5); and the highest pain score reported
at any time point was a median (interquartile range) of 4.0
(2.8 to 5.3) for the treatment group, versus 7.0 (5.0 to 8.0)
for controls (fig. 5). Thirteen percent of the cryoneurolysis
group experienced no pain whatsoever during the year after
surgery, versus none in the sham group (P = 0.045). No par-
ticipant who had received cryoneurolysis reported phantom
breast pain at any time point, compared with 10%, 17%,
13%, and 19% of the sham group reporting phantom pain
(numeric rating scale more than 0) at months 1, 3, 6, and
12, respectively (P = 0.11, P < 0.02, P < 0.04,and P = 0.01,
respectively). Results were similar in longitudinal models of
pain outcomes adjusted for lymph node dissection.

Similarly, opioid consumption was lower for the active
treatment group at each time point for days 1 to 14 (fig. 6).
Post hoc analysis revealed that, during the first 3 weeks, cryo-
neurolysis lowered cumulative opioid use by 98%, with the
treated group using 1.5 [0 to 14] mg of oxycodone compared
with 75 [20 to 120] mg in controls (P < 0.001). Results were
consistent in longitudinal models of opioid use adjusted for
lymph node dissection. There was no opioid or other anal-
gesic used for surgical pain by patients between 1 and 12
months. Fifty percent of the treatment group was opioid-free
during the entire postoperative course (fig. 7), compared with
only 14% of participants receiving sham (P < 0.001).

Pain’s interference in physical and emotional function-
ing as measured with the Brief Pain Inventory (Interference

Anesthesiology 2022; 137:529-42
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Average Pain Worst Pain
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Numeric Rating Scale

7 14 21 28 90 180 365
Postoperative Day Postoperative Day

3 4 7 14 21 28 90 180 365 1 2 3

Fig. 3. Effects of percutaneous cryoneurolysis on pain in the first year after mastectomy. Includes pain severity at the surgical site (excludes
phantom breast pain) and was measured using a numeric rating scale with 0 equivalent to no pain and 10 being the worst imaginable pain.
Data expressed as median (dark horizontal bars) with 25th to 75th (box), 10th to 90th (whiskers), mean (diamonds), and outliers (circles).
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Fig. 4. Effects of percutaneous cryoneurolysis on the risk of experiencing any pain (numeric rating scale more than 0) at each time point in
the year after mastectomy. Post hoc analysis results expressed as the percentage of each treatment group experiencing any pain (surgical
or phantom) at each time point.

Protocol Deviations and Adverse Events

subscale) was very low in each group: median (interquar-
tile range) for both groups of 0 (0 to 0) at all time points. ~ The only protocol deviation was the study withdrawal on
Cryoneurolysis improved sleep quality and lessened the  postoperative day 7 of one participant who had received

number of awakenings due to pain during the first 3 post- cryoneurolysis due to an intolerance for the data collec-
operative weeks (table 2). tion phone calls. One participant experienced an anxiety
536 Anesthesiology 2022; 137:529-42 lIifeld et al.
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Percutaneous Cryoneurolysis for Mastectomy

Maximum Pain Experienced Over Entire Year

[
o
]
H

Numeric Rating Scale
o = N W ~ U 60 N 00 W
1

P <0.001

Severe Pain (> 7)

Moderate Pain (4-7)

Mild Pain (< 4)

©

Sham Cryoneurolysis

T T

Sham Cryoneurolysis

Fig. 5. Effects of percutaneous cryoneurolysis on the maximum pain level experienced in the year after mastectomy. Pain severity was
measured using a numeric rating scale with 0 equivalent to no pain and 10 being the worst imaginable pain. Post hoc analysis results (Left
Panel) expressed as median (dark horizontal bars) with 25th to 75th (box), 10th to 90th (whiskers), mean (diamonds), and outliers (circles);
and (Right Panel) categorized as mild (numeric rating scale less than 4), moderate (numeric rating scale 4 to 7), and severe (numeric rating

scale more than 7) pain.

attack when roused from her sedation after administration
of her paravertebral nerve block and a sham study inter-
vention. She subsequently underwent the surgical proce-
dure and had an uneventful recovery. A different participant
who had received a sham study procedure succumbed to
metastasis-related complications and died between the 6th
and 12th postoperative months. Neither adverse event was
deemed related to study participation.

Discussion

This randomized, patient- and observer-masked, sham-
controlled study provides evidence that a single preop-
erative application of ultrasound-guided percutaneous
intercostal nerve cryoneurolysis markedly improved anal-
gesia and reduced opioid requirements after mastectomy.
Analgesic benefits continued beyond the expected duration
of the cryoneurolysis treatment at the 3-, 6-,and 12-month
time points, with chronic surgical pain reported in 1 (3%)
treated patient compared with 5 (17%) controls after 1 yr.
Through the entire first year, post hoc analysis revealed that
48% of the treatment group experienced exclusively mild
pain (numeric rating scale less than 4), compared with only
10% of controls. No cryoneurolysis-related systemic side
effects or complications were identified.

Depending on the application, various factors may favor
percutaneous cryoneurolysis over opioid- or local anes-
thetic—based analgesics. First, and most obvious, cryoneurol-
ysis has a duration of action measured in weeks and months
after a single administration.'® Cryoneurolysis avoids the
systemic side effects related to opioid use such as nausea,
sedation, and respiratory depression, and it has no potential
for misuse, dependence, overdose, or diversion.** Unlike
continuous peripheral nerve blocks, cryoneurolysis has no
risk of local anesthetic—induced cardiac/neurologic toxicity,
myotoxicity,” catheter dislodgement, local anesthetic leak-
age, or infusion pump malfunction.”® Cryoneurolysis has a
far lower patient and provider burden without a portable
infusion pump, local anesthetic reservoir, and perineural
catheter to carry, manage, and remove. In more than half a
century of use, there has been only a single (suspected) cry-
oneurolysis-related infection reported,” versus a perineural
catheter infection rate of up to 3%.

A combination of attributes greatly limits cryoneurolysis
application, including its prolonged—and unpredictable—
duration of action, variable sensory, motor, and proprio-
ceptive nerve block, and inability to withdraw or titrate
effects.” However, when applied to intercostal nerves for
mastectomy,” thoracotomy,® rib fracture,*' or many other

Anesthesiology 2022; 137:529-42
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Opioid Consumption
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Fig. 6. Effects of percutaneous cryoneurolysis on opioid consumption in the immediate postoperative period after mastectomy. Data
expressed in oxycodone equivalents as median (dark horizontal bars) with 25th to 75th (box), 10th to 90th (whiskers), mean (diamonds), and
outliers (circles). During this period, cryoneurolysis lowered cumulative opioid use by 98%, with the treated group using 1.5 [0 to 14] mg of

oxycodone compared with 75 [20 to 120] mg in controls (P < 0.001).

acute pain indications involving the thorax and abdomen,
cryoneurolysis is a viable analgesic alternative. An additional
limitation is the time for administration. For the current
study, we used three 3-min cycles (2min freeze, 1min
defrost) for four to five intercostal nerves, totaling approx-
imately 40 to 50 min—doubled for bilateral mastectomies.
Performing ultrasound-guided percutaneous cryoneurolysis
before entering the operating room allows for parallel pro-
cessing of patients and greatly decreases total operative time
compared with intraoperative cryoneurolysis application;
however, this duration is still a limitation of the technique.
The optimal—or even minimal—freeze and defrost dura-
tions as well as the number of freeze-defrost cycles have yet
to be determined.' Decreasing these values would reduce
the time limitation of this modality, and future related
research might increase the applicability of this modality.*
An additional possible limitation of cryoneurolysis has
been suggested by two randomized, controlled trials report-
ing a greater frequency of transient neuropathic pain 3 to 6

Anesthesiology 2022; 137:529-42
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months after open thoracotomy with surgically applied cry-
oneurolysis.** In contrast, the overwhelming majority of
randomized, controlled trials involving surgical application
have not reported similar findings.*” Although a full discus-
sion of this issue is outside the scope of this report, it has
been hypothesized that physical manipulation of the target
nerve before cryoneurolysis produces an afferent barrage that
sets up central sensitization such that, when axonal regenera-
tion occurs after injury, the fiber activity is perceived as dyses-
thetic.' If intraoperative nerve manipulation was the cause of
a possibly higher incidence of transient neuropathic pain, then
ultrasound-guided percutaneous cryoneurolysis should have no
comparable risk. Indeed, to date, no occurrence of neuro-
pathic pain has been associated with percutaneous administra-
tion,* and percutaneous cryoneurolysis has been successful in
treating pre-existing neuropathic pain.* With more than five
decades of clinical use and no published cases of permanent
nerve injury,” this suggests a level of safety far surpassing tra-

ditional local anesthetic—based peripheral nerve blocks. 8454
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Percutaneous Cryoneurolysis for Mastectomy

Requiring Any Opioids
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Fig. 7. Effects of percutaneous cryoneurolysis on the risk of requiring any opioids at each time point in the year after mastectomy. Post hoc
analysis results expressed as the percentage of each treatment group consuming any opioids at each time point.

An important—and somewhat surprising—finding was
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Table 2. Secondary Outcomes. that no participant who had received cryoneurolysis expe-
rienced phantom breast pain within the year after surgery.
Cryoneurolysis Sham PValue In contrast, participants within the control group experi-
(n=31) (Placeho) enced phantom pain at approximately the same incidence as
(n=29) reported in other investigations (10 to 19% between months
Nausea and/or vomiting 1 to 12).>" In a previously published clinical trial performed
POD 1 3% (1) 10% (3) 0.269 at our own institution with the same principal surgeon,
Egg § 83.: Eg; ;:;: g; 3;33 drawing from the same local population, and using a similar
POD 4 0% (0) 0% (0) B paravertebral block and postoperative infusion, participants
POD 7 0% (0) 3% (1) 0.297 reported exactly the same incidence of phantom breast pain
ggg ;‘ g:ﬁ’ Eg; gz;" :g; - at 3 months as in the control group of the current study
Dificulty sleeping due to pain ’ ’ (17%)." However, after 12 months, only 3% of the previous
POD 1 7% () 31% (9) 0.014 cohort reported phantom breast pain versus the 19% in the
POD 2 0% (0) 24% (7) 0.004 sham group of the current study.” Two differences between
POD 3 7% (2) 28% (8) 0.028 the two perineural infusion techniques was the longer
POD 4 0% (0) 24% (7) 0.004 . . . . .
POD 7 3% (1) 24% (7) 0.017 duration (60h) and high concentration of ropivacaine
POD 14 0% (0) 14% (4) 0.032 (0.4%) of the previous study compared with the less than
POD 21 _ - 0% 21%(6)  0.009 48-h duration and ropivacaine, 0.2%, of the current inves-
Awsggn;ngs due to pain (i per subject)o 0.0 000,22 0.004 tigation'.6 "‘Fhelcryoneurolysis group of the cu.rrent study
POD 2 0(0,0) 0(0,1.0) 0.002 had a similar incidence of phantom breast paln—O%—as
POD 3 0(0,0 0(0,3.1) 0.021 the longer-duration, high-concentration ropivacaine peri-
POD 4 0(0,0) 00,12)  0.034 neural infusion of the previous study. This may be evidence
POD 7 0(0,0) 0(0,1.2) 0.025
POD 14 0(0.0) 00,10 0034 that a longer, more-complete neural blockade reduces the
POD 21 0(0,0) 0(0,1.2) 0.009 risk of long-term phantom breast pain. Although requiring

confirmation in a subsequent clinical trial, the findings of

Values are reported as percentage of the group (n), or median (10th percentile, 90th the current study provide additional evidence that preven-

percentile)
POD, postoperative day tive analgesia with a potent regional anesthetic provided
for an adequate duration can lower the risk of developing
lifeld et al. Anesthesiology 2022; 137:529-42 539
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persistent postoperative pain, including both surgical and
phantom breast pain.’

Our trial had features of a pilot study because it was
undertaken to help plan a subsequent randomized trial
by: (1) determining the feasibility of and optimizing the
study protocol; and (2) estimating the treatment effect to
adequately power the future investigation. However, the
current project was powered for the prospectively defined
primary outcome and the label “pilot” in no way lessens
the veracity or validity of the results: what the findings are
used for (e.g., power estimation for an immediately subse-
quent larger trial) does not change the findings themselves.
In fact, the treatment effect was much greater than what we
had anticipated, concurrently reducing opioid consumption
by 98% and pain throughout the entire 12-month study
period. Consequently, the results were highly statistically
significant for most endpoints, and our results thus stand on
their own and indicate that percutaneous cryoneurolysis is
highly effective treating pain after a mastectomy.

Limitations of this study limit the generalizability of
our results and include (1) a limited sample size of 60 par-
ticipants; (2) a single enrolling center; and (3) a secondary
outcome measure that is unvalidated in which we used a
nausea scale of 0 to 10 (0 equivalent to no nausea and 10
equivalent to vomiting). We did not stratify randomization
for axillary dissection because the cryoneurolysis procedure
was performed preoperatively, whereas the determination
to perform an axillary dissection frequently occurs intra-
operatively based on the results of an axillary lymph node
biopsy. The lack of stratification resulted in an imbalance
between groups, although we controlled for this imbalance
statistically during the analysis.

In conclusion, percutaneous cryoneurolysis mark-
edly improved analgesia and concurrently reduced opioid
requirements free of systemic side effects and complications
after uni- and bilateral mastectomy. Our results confirm
the feasibility of a future larger trial and suggest protocol
enhancements.
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