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EDITOR’S PERSPECTIVE

What We Already Know about This Topic

•	 Intercostal nerve blocks can reduce pain, opioid consumption, and 
pulmonary dysfunction after rib fracture

•	 Percutaneous cryoneurolysis, which has been used as an alternative 
to perineural deposition of local anesthetics, can provide longer- 
lasting blockade through localized nerve structure disruption

What This Article Tells Us That Is New

•	 This small, randomized, single-blinded clinical study in 20 patients 
with rib fractures compared treatment with an ultrasound-guided 

peripheral nerve block with 3 ml 0.5% ropivacaine (n = 9) versus 
ultrasound-guided percutaneous cryoneurolysis (n = 11)

•	 Cryoneurolysis was associated with greater improvement in lung 
volumes at 24 h after treatment

•	 Both immediate pain and pain at several timepoints out to 3 months 
after the block were also lower in the cryoneurolysis group, as was 
opioid consumption

Ultrasound-guided 
Percutaneous 
Cryoneurolysis for the 
Treatment of Pain after 
Traumatic Rib Fracture: 
A Randomized, Active-
controlled, Participant- 
and Observer-masked 
Study
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Allison E. Berndtson, M.D., Laura Haines, M.D.,  
Jay J. Doucet, M.D., Laura Adams, M.D.,  
Jarrett E. Santorelli, M.D., Jeanne Lee, M.D.,  
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ABSTRACT 
Background: Traumatic rib fractures are associated with pain lasting 
weeks to months and a decreased ability to inspire deeply or cough to clear 
secretions. Ultrasound-guided percutaneous cryoneurolysis involves revers-
ibly ablating peripheral nerve(s) using exceptionally low temperature with a 
transdermal probe, resulting in a prolonged nerve block with a duration mea-
sured in months. The authors hypothesized that cryoneurolysis would improve 
analgesia and inspired volume after rib fracture.

Methods: Adults with one to six traumatic rib fractures were randomized to 
either active cryoneurolysis and sham peripheral nerve block or sham cryo-
neurolysis and active peripheral nerve block in a participant/observer-masked 
fashion. The primary endpoint was the maximum inspired volume the day after 
the procedure as measured with an incentive spirometer.

Results: The day after the procedure, the unadjusted median [interquartile 
range] maximum inspired volume for participants who received cryoneurol-
ysis (n = 11) was 2,250 ml [1,500, 2,500 ml] versus 1,300 ml [750, 2,500 
ml] for peripheral nerve block (n = 9, mean difference, 496; 95% CI, –428 
to 1,420; t test P = 0.269). When adjusted for covariates (e.g., baseline lung 
volume), the cryoneurolysis group had an estimated 793 ml greater mean 
volume than peripheral nerve block (95% CI, 273 to 1,312 ml; analysis of 
covariance P = 0.005). Improvement from baseline in maximum inspired 
volume for cryoneurolysis was 1,000 ml [1,000, 1,375 ml] versus 300 ml [0, 
1,000 ml] for peripheral nerve block (t test P = 0.002). This was equivalent 
to an improvement over baseline of 100% [90%, 188%] for cryoneurolysis 
versus 30% [0%, 50%] for peripheral nerve block (t test P = 0.003). Average 
daily pain scores were generally lower for the cryoneurolysis group through-
out the first month. Total cumulative oxycodone equivalents were 5 mg [0, 13 
mg] for cryoneurolysis versus 45 mg [43, 135 mg] for peripheral nerve block 
(t test P = 0.013).

Conclusions: Ultrasound-guided percutaneous cryoneurolysis improves 
maximum inspired lung volume while concurrently decreasing pain and opioid 
consumption after traumatic rib fracture. These results should be considered 
preliminary, requiring confirmation with a trial including a larger sample size.
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Percutaneous Cryoneurolysis for Thoracic Trauma

Within the United States each year, more than 240,000 
individuals—10% of all trauma patients—expe-

rience thoracic trauma with one or more rib fractures.1–3 
Fractures frequently result in severe pain that is exacerbated 
with every breath—approximately 20,000 daily—which 
may last more than 2 months.4,5 Importantly, pain from tho-
racic trauma is not just a symptom5 but a significant contrib-
utor to morbidity: pain is associated with decreased ability 
to cough, clear secretions, and inspire deeply,6 increasing 
the risk of pulmonary complications (33% incidence),2 
mechanical ventilation, and mortality (incidence up to 
12%).6,7 Reflecting the considerable health consequences 
of even uncomplicated fractures, the guidelines from the 
Western Trauma Association (Batavia, Illinois) recommend 
that older patients (older than 65 yr) with just three rib 
fractures be admitted to an intensive care unit for close 
monitoring.8 Furthermore, inadequately controlled acute 
pain in the weeks after fracture is the greatest risk factor for 
the development of chronic pain and disability at 6 months 
(incidence, 28%).9

Accordingly, multimodal analgesia in patients with trau-
matic rib fractures has received increasing attention, but 
few systemic options are effective.3,10 In contrast, local anes-
thetic–based regional anesthetics can provide potent anal-
gesia and improve pulmonary function.11–13 For example, 
intercostal nerve blocks with local anesthetic have been 
shown to improve pain scores, peak expiratory flow rates, 
sustained maximal inspiration lung volumes, and arterial 
oxygen saturation on room air.14–16 Unfortunately, single- 
injection peripheral nerve blocks, even with ultralong- 
acting liposomal bupivacaine,17,18 provide thoracic analgesia 

for less than 24 h.19–21 Continuous paravertebral nerve blocks 
and epidural infusions extend these benefits and are also 
associated with decreased delirium, days of intubation, and 
mortality.10,12,13,22–25 Yet paravertebral infusions are still ordi-
narily limited to a few days,22,26–29 and epidurals12 are usually 
contraindicated in trauma patients receiving most forms of 
prophylactic anticoagulation due to the risk of an epidural 
hematoma.30 Furthermore, epidurals are limited to hospital-
ized patients due to the risks of hypotension and infection. 
Thus, local anesthetic nerve blocks are only temporizing 
measures for a small fraction of the multiple-month healing 
process after thoracic trauma, leaving most patients depen-
dent upon opioids due simply to a lack of options.

One alternative is percutaneous cryoneurolysis, an analge-
sic modality consisting of the application of exceptionally low 
temperatures to reversibly ablate peripheral nerves.31 The pro-
cedure is essentially the same as placing an ultrasound-guided 
peripheral nerve block; however, instead of injecting local 
anesthetic, a gas circulates through the probe, inducing cold 
at its distal end and freezing the surrounding tissue, includ-
ing the target nerve.31 Nothing remains within the patient, 
and there is no external equipment to prepare, manage, or  
malfunction—a single administration results in effects that 
lasts for months without any subsequent patient or healthcare 
provider interventions. A case report32 and short series33 sug-
gest that cryoneurolysis may have substantial analgesic-based 
benefits after traumatic rib fractures.

We therefore conducted a randomized, active- 
controlled pilot study hypothesizing that cryoneurolysis 
would improve analgesia and inspired volume after rib frac-
ture to a greater extent than a ropivacaine intercostal nerve 
block of the involved intercostal nerves.

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, La Jolla, California) and prospectively registered 
(clinicaltrials.gov NCT04198662; principal investigator, 
Brian M. Ilfeld, M.D., M.S.; initial posting, December 13, 
2019). Written, informed consent was obtained from all 
participants.

Participants

Enrollment was offered to adult patients of at least 18 yr 
of age with a total of one to six traumatic rib fractures 
at least 3 cm distal to the costo-transverse joint sustained 
within the previous 3 days (bilateral fractures acceptable, 
but the total number of fractured ribs could not exceed 
six). Patients were excluded for (1) chronic analgesic use 
including opioids (daily use within the 2 weeks before 
injury and duration of use more than 4 weeks); (2) preg-
nancy; (3) incarceration; (4) inability to communicate with 
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the investigators; (5) morbid obesity (body mass index 
greater than 40 kg/m2); (6) possession of any contrain-
dication specific to percutaneous cryoneurolysis such as 
a localized infection at the treatment site, cold urticaria, 
cryofibrinogenemia, cryoglobulinemia, paroxysmal cold 
hemoglobinuria, and Raynaud disease; (7) inability to 
correctly use an incentive spirometer; (8) any degree of 
decreased mental capacity as determined by the surgical 
service; (9) flail chest; (10) a chest tube; (11) fracture of the 
first rib on either side as there is no intercostal nerve ceph-
alad to the first rib and thus the intercostal nerves above 
and below the fracture could not be treated; and (12) any 
moderate or severe pain (numeric rating scale greater than 
3, unrelated to a rib fracture). No compensation was pro-
vided to subjects for study participation.

Treatment Group Assignment

Participants were randomly allocated to one of two treat-
ments: (1) active cryoneurolysis and placebo peripheral nerve 
block or (2) sham cryoneurolysis and active peripheral nerve 
block (peripheral nerve block group). 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 stratified by laterality (unilateral vs. bilateral) in a 1:1 ratio 
in blocks of four. The investigator administering the study 
intervention opened the randomization envelope. Therefore, 
investigators, subjects, and clinical staff were masked to treat-
ment group assignment, with the only exception being the 
unmasked individual who performed the procedure (and did 
not have subsequent contact with the participant).

The maximum inspired volume was measured using 
a handheld incentive spirometer based on the American 
Association of Respiratory Care (Irving, Texas) clinical 
practice guidelines.34 The best of three measurements was 
recorded as the maximum inspired volume.

Participants were positioned either prone or seated; 
received oxygen via nasal canula or facemask; had standard 
American Society of Anesthesiologists (Schaumburg, Illinois) 
monitors applied; and administered intravenous midazolam 
and/or fentanyl, as needed, while remaining responsive to 
verbal cues. The treatment sites were cleansed with chlor-
hexidine gluconate and isopropyl alcohol. Using the opti-
mal ultrasound transducer for the specific anatomic location 
and subject anatomy (linear vs. curvilinear array), the target 
nerves were identified in a transverse cross-sectional (short-
axis) view. The intercostal nerve of each fractured rib as well 
as the level above and below were treated.

Intercostal Nerve Blocks

Local anesthetic (1% lidocaine) was used to infiltrate the 
skin and underlying muscle at each entry point. A 20-gauge 
Tuohy needle was introduced through the skin and along 

the anesthetized muscle tract. Subjects randomized to active 
cryoneurolysis received a sham nerve block with 3 ml nor-
mal saline injected into the muscle superficial to the nerve; 
for subjects randomized to sham cryoneurolysis, 3 ml ropi-
vacaine 0.5% (with epinephrine) was injected perineurally 
to provide the intercostal nerve block.

Cryoneurolysis of Intercostal Nerves

Cryoneurolysis probes are available for a console neuroly-
sis device (PainBlocker, Epimed, USA) that either (1) pass 
nitrous oxide to the tip, inducing freezing 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. The latter is a sham procedure since without the 
temperature change, no ice ball forms, and therefore the 
target nerve is not affected. An angiocatheter/introducer 
was inserted beneath the ultrasound transducer and directed 
until the probe tip was immediately adjacent to the target 
nerve. The angiocatheter needle was removed, leaving the 
angiocatheter through which the appropriate cryoneurol-
ysis probe was inserted until it was adjacent to the target 
nerve. The device was triggered using two cycles of 2-min 
gas activation (active or sham) separated by a 1-min defrost 
period. For active probes, the nitrous oxide was deployed 
to the tip, where a drop in temperature to approximately 
–70°C resulted in cryoneurolysis. For the sham probes, the 
nitrous oxide was vented before reaching the probe shaft, 
resulting in a lack of perineural temperature change.

Of note, it is impossible to safely mask the individual per-
forming the cryoneurolysis procedure because the ice ball 
forming at the distal end of the probe during active treatment 
is clearly visible by ultrasound, and the lack of an ice ball for 
placebo subjects is equally clear (fig. 1).35,36 It is essential to 
continuously visualize the probe and target nerve through-
out the two freeze/thaw cycles to ensure (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 fractures, the entire 
process was repeated on the contralateral side with the 
same probe. Acetaminophen (975 to 1,000 mg every 4 h 
up to four times each day), oxycodone (5-mg tablets, one 
to two every 4 h), and intravenous morphine (2 to 4 mg 
every 4 h) were permitted as needed. Nonsteroidal anti- 
inflammatory drugs, gabapentin, ketamine, and other anal-
gesics were not permitted. Participants were discharged by 
the blinded surgical service when appropriate. Participants 
and their caretakers were provided with an incentive spi-
rometer, the contact information of an investigator, and a 
prescription for oxycodone that did not differ from the 
hospital regimen.

Copyright © 2025 American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.
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Unmasking

Observers were masked to treatment group assignment. 
After the full year of data collection for the first eight 
participants, the treatment allocation of these individu-
als was unmasked exclusively for the principal investiga-
tor for inclusion as pilot data for a federal grant proposal 
(HT9425-23-2-0013). After the 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 provided to each participant.

Outcome Measurements (Endpoints)

We selected outcome measures that have established reli-
ability and validity, with minimal interrater discordance, 
and are recommended for pain-related clinical trials by the 
World Health Organization (Geneva, Switzerland) and the 
Initiative on Methods, Measurement, and Pain Assessment 

in Clinical Trials (IMMPACT) consensus statement.37 
Outcomes were evaluated at baseline (before treatment) 
and on posttreatment days 1, 2, 7, and 14, as well as months 
1, 1.5, 2, 3, 6, and 12. Baseline data were collected in person, 
while all subsequent outcomes were collected by telephone 
or database retrieval (hospital opioid consumption). Staff 
masked to treatment group assignment performed all mea-
sures and assessments.

Days 1 to 7

The maximum inspired volume was measured using a 
handheld incentive spirometer based on the American 
Association of Respiratory Care clinical practice guide-
lines,34 and the best of three measurements was recorded as 
the maximum inspired volume. The numeric rating scale is 
a highly sensitive measure of pain intensity with numbers 
ranging from 0 to 10, with 0 equivalent to no pain and 10 
equivalent to the worst imaginable pain. Participants were 
asked to rate the worst (maximum), least, and average pain 
levels they had experienced in the previous 24 h, as well 

Fig. 1.  Ultrasound images of percutaneous cryoneurolysis of an intercostal nerve (used with permission from Wolters Kluwer36).

Copyright © 2025 American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.
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as the current level of pain and level while using the spi-
rometer. If a patient responded with a range, the average of 
the range was recorded (e.g., “2 to 3” was recorded as 2.5). 
Participants were also asked the number of awakenings due 
to pain the previous night. Intravenous opioids were con-
verted to oxycodone equivalents and presented combined 
with oral oxycodone consumption.

Week 2 to Month 12

The primary instrument was the Brief Pain Inventory 
(short form), which assesses pain and its interference with 
physical and emotional functioning (time frame: previous 
24 h).38 The instrument includes three domains: (1) pain 
in the surgical site, with four questions using a numeric 
rating scale to evaluate four pain levels: “current,” “least,” 
“worst,” and “average”; (2) percentage of relief provided by 
pain treatments with one question (not used for this study); 
and (3) interference with physical and emotional functioning 
using a 0 to 10 scale (0, no interference; 10, complete inter-
ference). The seven interference questions involve general 
activity, mood, walking ability, normal work activities (both 
inside and outside of the home), relationships, sleep, and 
enjoyment of life.38 These seven 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 IMMPACT consensus recom-
mendations for assessing pain in clinical trials.37 In addition, 
maximum inspired volume and pain during use continued 
to be measured for as long as patients used the incentive 
spirometers.

Statistical Analysis

The primary endpoint was the maximum inspired volume 
the day after treatment as measured with an incentive spi-
rometer. There is no generally accepted minimal clinically 
relevant change in incentive spirometry volume. However, 
the median [interquartile range] of inspired volume for 
patients with rib fracture(s) is 1,250 [750, 1,750] ml, and 
volume less than 1,000 ml measured with an incentive spi-
rometer is associated with an increased risk of acute respi-
ratory failure.39 We therefore used the difference between 
1,250 and 1,000 (250 ml) as the minimal clinically relevant 
difference.

Assuming a normal distribution, the interquartile range 
is approximately 1.35 SDs. Therefore, an interquartile range 
of 250 – 50 = 200 ml corresponds to, approximately, an SD 
of 200/1.35 = 148 ml.40 Assuming this SD of 148 ml, a sam-
ple size of n = 7 per group provided 80% power to detect 
a group difference of d = 250 ml per group with a two-
sided alpha = 5%. However, there is high variability in the 
reported increase in inspired volume with various regional 
analgesic interventions such as continuous intercostal nerve 
blocks41 and serratus plane blocks,40 and we consequently 
increased enrollment to account for an unpredicted increase 

in variability or nonnormal data distribution. We accord-
ingly enrolled 10 subjects per group with an evaluable pri-
mary outcome measure (n = 20 for both groups combined). 
To account for dropouts, we requested a maximum enroll-
ment of 30 subjects from the institutional review board.

Key baseline characteristics were tested between groups 
using two-sample t tests and summarized with Cohen’s d 
for continuous measures and the Fisher exact test for cate-
gorical variables. The Wilcoxon signed-rank test was used as 
a sensitivity analysis. The primary outcome was also submit-
ted to an analysis of covariance with baseline lung volume, 
unilateral versus bilateral fractures, and the total number 
of fractures (as a continuous variable). A mixed model of 
repeated measures with fixed effects for the baseline value 
(where collected for the outcome), time, and time-by-
group interaction was used to assess group differences over 
time. The model treated time as a categorical variable and 
assumed a compound symmetric correlation and heteroge-
neous variance with respect to time. No multiplicity adjust-
ments were applied for secondary analyses, and thus results 
in secondary outcomes require confirmation with a subse-
quent, presumably larger, clinical trial. All tests were two-
sided, and P < 0.05 was considered statistically significant.

R (R-project.org, https://www.r-project.org; accessed 
March 11, 2024) was used for sample size calculations and 
analysis.

Results
Between April 2020 and August 2023, a total of 45 patients 
with diagnosed rib fractures were evaluated, with 20 partici-
pants enrolled and subsequently randomized to either cryo-
neurolysis (n = 11) or peripheral nerve block (n = 9; table 1; 
fig. 2). Immediately after the intervention, participants who 

Table 1.  Population Data

Cryoneurolysis
(n = 11)

Sham 
(Placebo)

(n = 9)

Absolute 
Standardized 

Difference

Age, yr 46 ± 19 57 ± 14 0.671
Female (%) 3 (27%) 2 (22%) 0.026
Height, m 1.7 ± 0.1 1.7 ± 0.1 0.026
Weight, kg 90 ± 19 83 ± 22 0.331
Body mass index, 

kg/m2

27 ± 7 30 ± 6 0.375

Fractured ribs, n 4.1 ± 1.4 3.9 ± 1.5 0.143
 � Left 1.7 ± 1.8 2.0 ± 2.5 0.125
 �R ight 2.4 ± 2.3 1.9 ± 2.1 0.214
Laterality 0.667
 � Unilateral 9 (82%) 9 (100%)
 � Bilateral 2 (18%) 0 (0%)
Inspiratory volume 

at baseline, ml
1,222 ± 551 1,023 ± 564 0.358

Values are reported as mean ± SD or number of subjects (percentage). Any vari-
able with an absolute standardized difference greater than 0.877 was considered 
imbalanced.

Copyright © 2025 American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.
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Fig. 2.  Consolidated Standards of Reporting Trials diagram.

Copyright © 2025 American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.
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had received cryoneurolysis (and sham peripheral nerve 
block) increased maximum inspiratory volume from base-
line a median [interquartile range] of 1,250 ml [1,000, 1,375 
ml] versus 750 ml [250, 1,000 ml] for patients who received 
sham cryoneurolysis and ropivacaine peripheral nerve block 
(t test P = 0.012). This was equivalent to an improvement 
of an increase over baseline of 225% [200%, 283%] for cry-
oneurolysis versus 150% [133%, 188%] for peripheral nerve 
block (t test P = 0.005). Pain scores while using the incen-
tive spirometer went from a median [interquartile range] of 
10 for both groups at baseline before the intervention to 3 
[0, 5] for cryoneurolysis and 5 [2, 6] for peripheral nerve 
block after the intervention (t test P = 0.165).

Primary Outcome

The day after the procedure, the unadjusted median [inter-
quartile range] maximum inspired volume for participants 
who received cryoneurolysis was 2,250 ml [1,500, 2,500 ml] 
versus 1,300 ml [750, 2,500 ml] for peripheral nerve block 
(mean difference, 496; 95% CI, –428 to 1,420; t test P = 
0.269). When adjusted for baseline lung volume, unilateral 
versus bilateral fractures, and the total number of fractures, 
the cryoneurolysis group had an estimated 793 ml greater 
mean volume than peripheral nerve block (95% CI, 273 to 
1,312; analysis of covariance P = 0.005).

Secondary Outcomes

Participants who received cryoneurolysis had a greater 
percentage increase in volume relative to their preinter-
vention baseline compared with patients given peripheral 
nerve block on posttreatment days 1 and 2 (fig. 3). Pain 
scores were lower for the cryoneurolysis group at each 
time point from day 1 through months 1 to 3 (figs. 3 and 
4). Post hoc analysis revealed that 18% of the treatment 
group experienced solely mild pain (numeric rating scale 
less than 4) throughout the entirety of the first year, com-
pared with 0% of controls, while 36% of the treatment 
group reported severe pain (at least one pain score greater 
than 7) during the course of the first year after surgery, 
compared to 67% in the control group (fig. 5; Fisher exact 
test P < 0.001).

Similarly, opioid consumption was lower for the cryo-
neurolysis group at each time point for days 1 to 7 (fig. 6). 
During the entire study period, cryoneurolysis lowered 
cumulative oxycodone use by 89%, with the treated group 
using 5 mg [0, 13 mg] compared with 45 mg [43, 135 mg] 
in controls (t test P = 0.013). There was no opioid used by 
any patient beyond 6 weeks.

Pain’s interference in physical and emotional function-
ing as measured with the Brief Pain Inventory (Interference 
subscale) was lower in the cryoneurolysis group to a sta-
tistically significant degree exclusively at 2 months (fig. 4). 
Cumulative awakenings due to pain for the entire treatment 
period were 1 [0, 4] for cryoneurolysis versus 13 [10, 17] for 

peripheral nerve block (t test P = 0.034). Finally, participants 
who received cryoneurolysis were discharged in a mean ± 
SD of 0.7 ± 1.0 days versus 1.4 ± 1.2 days for peripheral 
nerve block (t test P = 0.170). Post hoc analysis found that 
55% of cryoneurolysis participants were discharged the 
same day as treatment, versus 22% who had received periph-
eral nerve block (Fisher exact test P < 0.001).

Protocol Deviations and Adverse Events

The only protocol deviations were one participant from 
each treatment group who had a clavicular fracture in 
addition to the rib fractures. The only adverse event was 
one participant who had received cryoneurolysis and was 
subsequently diagnosed with pneumonia on posttreatment 
day 2. The participant was successfully treated with oral 
antibiotics.

Discussion
This randomized, controlled, patient- and observer-masked 
study provides evidence that a single application of 
ultrasound-guided percutaneous intercostal nerve cryoneu-
rolysis improves maximum inspired volume after traumatic 
rib fracture. This benefit was presumably due to improved 
analgesia afforded participants allocated to cryoneurol-
ysis. The improvement in analgesia continued through 
the first month, resulting in a concurrent 89% decrease 
in cumulative oxycodone consumption (median 5 mg vs. 
45 mg) and awakenings due to pain (median 1 vs. 13). No 
cryoneurolysis-related systemic side effects or complica-
tions were identified. While this study was not powered to 
detect differences in pulmonary complications due to pain- 
induced hypoventilation, cryoneurolysis could theoretically 
reduce the incidence of pneumonia and other morbidi-
ties. Should this ultimately prove accurate, it may reduce 
or even preclude the need for observation in the inten-
sive care unit currently the recommendation for patients 
older than 65 yr with three or more fractures.8 In contrast, 
caution is warranted when treating bilateral rib fractures as 
delayed, bilateral, cryo-induced pneumothoraces could be 
life-threatening.

Cryoneurolysis decreased pain’s interference with phys-
ical and emotional functioning to a statistically significant 
degree only at month 2 (fig. 4). However, this study was not 
powered to detect differences in this secondary outcome. If 
the observed difference between the two groups at 14 and 
30 days is found in a subsequent adequately powered trial, 
the improvement (23 to 30 points) would be far greater 
than the 7 points considered clinically relevant within the 
IMMPACT consensus statement.37

An important—and somewhat unexpected—find-
ing was that no participant who had received cryoneu-
rolysis experienced pain after 1 posttreatment month. In 
contrast, 50% of participants within the control group 
who responded at the 6-month timepoint (three of six) 
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experienced pain. Due to an inability to contact three of 
the nine participants in the peripheral nerve block group 
along with the generally small sample size of the current 
study, this is most likely an artificially high percentage. 
However, assuming the three participants whom we were 
unable to contact were pain-free, the 33% incidence of 
persistent pain at 6 months would be approximately the 

same as reported in other investigations (28%).9 This may 
be evidence that a longer, more complete neural blockade 
treating acute pain reduces the risk of persistent chronic 
pain.9 At the 12-month time point, only one participant 
(of five contacted) who received peripheral nerve block 
was still experiencing pain, versus none (of eight contacted) 
from the cryoneurolysis group.

Fig. 3.  Effects of percutaneous cryoneurolysis on the increase in maximum inspiratory volume and pain after traumatic rib fracture. The 
maximum inspired volume was measured using a handheld incentive spirometer based on the American Association of Respiratory Care 
clinical practice guidelines, and the best of three measurements was recorded as the maximum inspired volume. For the panels involving 
improvement from baseline, data presented are the specific time point relative to baseline measured immediately before the intervention on 
day 0. Day 0 in the graphs was measured immediately after the intervention. Pain severity during incentive spirometer use 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 percentiles (box), 10th to 90th percentiles (whiskers), mean (diamonds), and outliers below the 10th or above the 90th 
percentiles (circles). P values are derived from a mixed model for repeated measures with covariates for the baseline value (where collected 
for that outcome), time, and the group-by-time interaction.
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The current study results support growing evidence that 
for specific indications, percutaneous cryoneurolysis may be 
preferable over opioid- and local anesthetic–based analge-
sics. First, and perhaps most notably, cryoneurolysis offers a 
long-lasting effect that can persist for months after a sin-
gle treatment.31 Cryoanalgesia also avoids the systemic side 
effects of opioids without any potential for misuse, depen-
dence, overdose, or diversion. In comparison to continu-
ous peripheral nerve blocks, cryoneurolysis eliminates the 
potential for local anesthetic–induced cardiac or neurologic 
toxicity, myotoxicity, catheter dislodgement, local anesthetic 
leakage, and infusion pump malfunction.42 Furthermore, 
cryoneurolysis significantly reduces the burden on both 
patients and healthcare providers, as it does not require the 

use of a portable infusion pump, local anesthetic reservoir, 
or perineural catheter to be carried, managed, or eventually 
removed. Notably, during the course of more than 50 yr, 
there has been only a single reported (suspected) instance 
of a cryoneurolysis-related infection,43 as opposed to a peri-
neural catheter infection rate reported as high as 3%.42,44

Conversely, various attributes greatly limit the appli-
cation of cryoneurolysis to acute pain, including its pro-
longed time requirement for administration; inconstant 
sensory, motor, and proprioceptive nerve block; inability 
to titrate effects; and a protracted—and variable—dura-
tion of action.31 Nonetheless, it appears to be a unique 
alternative to treat pain after traumatic rib fracture or 
other indications involving the thorax,36 with a duration 

Fig. 4.  Effects of percutaneous cryoneurolysis on pain and pain’s interference in functioning after traumatic rib fracture. Pain severity was 
measured using a numeric rating scale with 0 equivalent to no pain and 10 being the worst imaginable pain for the 24 h before data collection. 
Regarding the Brief Pain Inventory, pain interference indicated using a numeric rating scale of 0 to 70, with 0 and 70 equivalent to no and max-
imal interference, respectively. Data expressed as median (dark horizontal bars) with 25th to 75th percentiles (box), 10th to 90th percentiles 
(whiskers), mean (diamonds), and outliers below the 10th or above the 90th percentiles (circles). P values are derived from a mixed model 
for repeated measures with covariates for the baseline value (where collected for that outcome), time, and the group-by-time interaction.
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of action at least similar to the duration of pain from rib 
fracture(s).

Two randomized controlled trials suggest an additional 
possible limitation: cryoneurolysis may be associated with 
a higher frequency of transient neuropathic pain between 
3 and 6 months after open thoracotomy.45,46 However, in 
these studies, the surgeon manipulated the intercostal nerves 
before application of cryoneurolysis, as opposed to the cur-
rent study, which utilized ultrasound-guided percutaneous 
cryoneurolysis, which does not require physical manipula-
tion. In laboratory animals, physical nerve manipulation was 
required to induce chronic pain, suggesting an important 
difference in risk between direct surgical and percutaneous 
cryoneurolysis administration.47 As of the date of this writ-
ing, no chronic neuropathic pain has been associated with 
percutaneous administration of cryoneurolysis,48 and there 
is limited evidence that it might even decrease the risk of 
persistent chronic pain.36 Nevertheless, this issue deserves 
further investigation.49

Limitations of this study include a limited sample 
size of 20 participants all from a single enrolling center. 
Results from regression models with such small sample 
sizes should be viewed as exploratory. Furthermore, the 
optimal—or even minimal—freeze and defrost durations 

as well as the number of freeze–defrost cycles have yet to 
be determined.31 Decreasing these values would reduce 
the time limitation of cryoneurolysis, and future related 
research might increase the applicability of this modality.50 
Therefore, the results of the current study may not be gen-
eralizable to other cryoneurolysis equipment and/or treat-
ment protocols. Last, the control group received a relatively 
small volume (3 ml) of 0.5% ropivacaine applied to each 
intercostal nerve, which is the standard dose at our institu-
tion and similar to doses reported in the literature.51 This 
is based on the small size of the intercostal nerve and con-
cern regarding local anesthetic toxicity due to the multiple 
nerves frequently targeted as well as the high rate of local 
anesthetic absorption in the intercostal region. The imme-
diate increase in the maximum inspiratory volume and 
decrease in pain during spirometry (fig. 3) for the control 
group suggest that the block was effective. Due to the rapid 
uptake of local anesthetic in the intercostal regional—and 
resulting documented duration of intercostal nerve blocks 
lasting less than 24 h51—it is unsurprising that the maxi-
mum inspiratory volume decreased and pain during spi-
rometry increased the day after treatment. Whether a larger 
dose of ropivacaine would improve analgesic potency or 
duration remains undetermined.

Fig. 5.  Effects of percutaneous cryoneurolysis on the maximum pain level experienced in the entire year after traumatic rib fracture. Pain 
severity was measured using a numeric rating scale with 0 equivalent to no pain and 10 the worst imaginable pain. Post hoc analysis results 
(left) expressed as median (dark horizontal bars) with 25th to 75th percentiles (box), 10th to 90th percentiles (whiskers), mean (diamonds), 
and outliers below the 10th or above the 90th percentiles (circles); and (right) categorized as mild (numeric rating scale less than 4), moderate 
(numeric rating scale 4 to 7), and severe (numeric rating scale greater than 7) pain. On the right, the cryoneurolysis percentages do not total 
100% due to a rounding error. P values are derived from a mixed model for repeated measures with covariates for the baseline value (where 
collected for that outcome), time, and the group-by-time interaction. PNB, peripheral nerve block.
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Fig. 6.  Effects of percutaneous cryoneurolysis on opioid consumption after traumatic rib fracture. Oxycodone is a synthetic opioid and pre-
sented in milligrams. During this period, cryoneurolysis lowered cumulative opioid use by 89%, with the treated group using 5 mg [0, 13 mg] 
of oxycodone compared with 45 mg [43, 135 mg] in controls (P = 0.013). Regarding the risk of requiring any opioids at each time point, post 
hoc analysis results are presented as the percentage of each treatment group consuming any opioids at each time point. Data expressed as 
median (dark horizontal bars) with 25th to 75th percentiles (box), 10th to 90th percentiles (whiskers), mean (diamonds), and outliers below the 
10th or above the 90th percentiles (circles). P values are derived from a mixed model for repeated measures with covariates for the baseline 
value (where collected for that outcome), time, and the group-by-time interaction.
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In conclusion, this study suggests that ultrasound- 
guided percutaneous cryoneurolysis improves maximum 
inspired lung volume while concurrently decreasing pain 
and opioid consumption after traumatic rib fracture. 
However, due to the limited number of participants of 
the current study, these results should be considered pre-
liminary requiring confirmation in a trial with a larger 
sample size.
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