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Health Technology Review
Cryoneurolysis for Patients Undergoing Surgical Stabilization of Rib Fractures
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Key Messages

What Is the Issue?
	Rib fractures pose a substantial clinical burden in patients with blunt trauma and result in significant pain and morbidity. Pain from rib fractures is often intense and prolonged, frequently lasting for several weeks following the injury. The adoption of surgical stabilization of rib fractures (SSRF) has emerged as a key therapeutic option for patients with severe rib fractures.

	Cryoneurolysis is a technology that delivers prolonged analgesia by applying a cryoablation probe at temperatures ranging from −40°C to −70°C for approximately 2 minutes to the intercostal nerves corresponding to the fractured rib levels. Cryoneurolysis has been used as an adjunct to SSRF to improve pain management and other outcomes after surgery.

	A comprehensive assessment of the comparative clinical effectiveness and cost-effectiveness of cryoneurolysis as an adjunct to SSRF through a rapid review is essential to examine potential benefits and harms compared with the existing pain management strategies.


What Did We Do?
	To inform decisions regarding the use of cryoneurolysis for pain management for people undergoing SSRF, we conducted a rapid review to summarize evidence that compared the clinical effectiveness and cost-effectiveness of cryoneurolysis to alternative pain management interventions not involving cryoneurolysis for people undergoing SSRF.

	We searched key resources, including journal citation databases, and conducted a focused internet search for relevant evidence published since 2020.


What Did We Find?
	We identified 6 retrospective cohort studies addressing the clinical effectiveness of cryoneurolysis in people undergoing SSRF:
	Cryoneurolysis used as an adjunct to SSRF was associated with statistically significantly lower or similar postsurgery patient-reported pain intensity, opioid consumption, resource use, in-hospital complications, and adverse events compared to SSRF without cryoneurolysis or with alternative pain management strategies.

	The statistically significant differences between cryoneurolysis and noncryoneurolysis groups were more evident in reduced postsurgery opioid consumption, and intensive care unit (ICU) and postoperative length of stay (LOS).

	The certainty of evidence was limited, as all studies had a nonrandomized retrospective design.



	We did not find any studies on the relative cost-effectiveness of cryoneurolysis in people undergoing SSRF.


What Does This Mean?
	Cryoneurolysis may improve clinical outcomes in people undergoing SSRF by reducing postsurgery opioid consumption and resource use without increasing hospital complications and adverse events.

	Widespread implementation should be balanced against current evidence limitations, resource implications, and equity considerations.

	Because cryoneurolysis is typically available in specialized centres with established SSRF expertise, there is a risk of uneven access across regions and populations. Mechanisms such as referral pathways, training, or regional planning may be needed to support equitable access.


TOC
Abbreviations
EIP

elastomeric infusion pump


ICU

intensive care unit


LOS

length of stay


MME

morphine milliequivalents


MMPR

multimodal pain regimen


NPS

numeric pain score


SSRF

surgical stabilization of rib fractures
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Research Questions
	What is the clinical effectiveness of cryoneurolysis compared to pain management interventions not involving cryoneurolysis for patients undergoing surgical stabilization of rib fractures?

	What is the cost-effectiveness of cryoneurolysis compared to pain management interventions not involving cryoneurolysis for patients undergoing surgical stabilization of rib fractures?


Context and Policy Issues
Pain Management After Rib Fractures
Rib fractures are common among patients with blunt trauma1 and represent a significant subset of thoracic injuries treated in emergency care.2 Rib fractures are a significant source of morbidity and mortality, especially among older adults.3 Pain from rib fractures, particularly with movement and breathing, is often intense and prolonged, frequently lasting for several weeks following the injury.4,5 Inadequate pain management can result in less coughing, retained secretions, and increased bacterial colonization, which consequently elevate the risk of pneumonia.6 In addition, chest wall injuries and rib fractures may lead to long-term consequences, including persistent disability and reduced quality of life, commonly driven by chronic pain and respiratory fatigue.7
Addressing pain in this population remains a critical challenge and includes both surgical and nonsurgical strategies.4,8 Standard nonoperative care worldwide typically consists of analgesia, pulmonary hygiene, and early mobilization.4,6 Although the use of opioids remains a significant pain management strategy, their use has been linked to numerous adverse effects, including nausea, vomiting, respiratory depression, constipation, prolonged hospitalization, opioid tolerance, and substance use disorder.6 In addition, high doses of opioids for patients with rib fractures are associated with increased risks contributing to mortality, as opioids reduce respiratory drive and secretion clearance.8,9 Consequently, there is a need for more effective pain management strategies that reduce dependence on short-term opioid-based therapies while improving pain control and overall patient outcomes.
What Is Surgical Stabilization of Rib Fractures?
Surgical stabilization of rib fractures (SSRF) has emerged as a safe and effective method for treatment of patients with severe rib injuries.10,11 SSRF has been evaluated as an intervention to stabilize rib fractures and support pulmonary function.10,11 Evidence from recent studies suggests that SSRF may be associated with improved pain control and reduced analgesic requirements, as well as shorter hospital and intensive care unit (ICU) length of stay (LOS), fewer days of mechanical ventilation, and a lower likelihood of tracheostomy. Some studies have also reported lower rates of pneumonia incidence and mortality among patients undergoing SSRF.10,11 These observed effects are hypothesized to be related to improved chest wall stability and respiratory mechanics; however, the magnitude and consistency of these associations vary in the year following surgery.12
Pain management after SSRF is typically multimodal, combining regional anesthesia (e.g., epidural, paravertebral, erector spinae plane blocks, or cryoneurolysis), systemic nonopioid and opioid medications, and supportive pulmonary care.10 The primary objectives are to optimize analgesia, support pulmonary function, and minimize opioid-related harms. Management strategies are generally tailored to injury severity, patient comorbidities, and institutional expertise, and often evolve over the postoperative course.
What Is Cryoneurolysis?
Cryoneurolysis — also known as cryoneuroablation, cryoanalgesia, and intercostal nerve cryoablation (INCA) — was first introduced in the 1960s and has since emerged as a strategy for pain management, particularly for pain associated with specific surgeries.13 This technique delivers prolonged analgesia by applying a cryoablation probe to the intercostal nerves corresponding to the fractured rib levels at temperatures of approximately −70°C for about 2 minutes.13
Cryoneurolysis produces a localized and reversible injury to the targeted nerve while preserving the endoneurial, perineurial, and epineurial structures. Thermal neurolytic techniques are intended to interrupt peripheral pain signal transmission to the central nervous system, thereby reducing pain perception.14 Available evidence suggests that nerve conduction is temporarily reduced following treatment, with sensory function typically recovering over several months, commonly reported as occurring within 6 to 12 months.13
Cryoneurolysis has been associated with pain relief without permanent nerve injury and may avoid adverse effects on lower-extremity sensory or motor function.14 Some studies have also reported a lower incidence of complications such as urinary retention, infection, and opioid-related adverse effects.14 The technique has been evaluated in a range of chronic or refractory pain conditions, particularly when a discrete peripheral nerve can be identified as the primary pain source.13,15
Cryoneurolysis for Management of Rib Fracture Pain
Cryoneurolysis for rib fracture pain may be delivered either during SSRF or as a separate procedure after SSRF.16 When performed during SSRF, it is typically done intraoperatively under direct visualization of the nerve, often through an open or thoracoscopic approach, allowing targeted ablation at the time of fixation.16 Cryoneurolysis may be performed after SSRF or independently of surgery for pain management after rib fractures, using a percutaneous, image-guided technique (most commonly ultrasound or CT), enabling treatment of ongoing pain without returning to the operating room.16 The choice of approach varies by institutional protocols, surgical workflow, and clinical context.16
Cryoneurolysis in Canada
In Canada, practice patterns for pain management after rib fractures — including after SSRF — are variable across trauma centres, but generally emphasize multimodal analgesia and individualized care.8
SSRF has historically been concentrated in higher-level trauma centres in Canada.17 In the context of Canada, level I and II trauma centres are typically the sites where advanced interventions (e.g., SSRF, cryoneurolysis, complex regional anesthesia), comprehensive access to trauma surgeons, subspecialty services, and trauma research are provided. Lower-level centres (levels III to IV) generally focus on initial assessment, resuscitation, stabilization, and transferring patients requiring SSRF to level I or II centres.18 Cryoneurolysis in Canada is currently in the early phase of clinical research use and limited to specialized practice for rib fracture pain.19 It has not yet been widely adopted as a standard treatment, with most activity taking place in select academic trauma centres and research settings, rather than as part of routine provincial health care delivery.19
Why Is It Important to Do This Review?
Cryoneurolysis offers prolonged analgesia for people undergoing SSRF.16,20 However, its impact on patient outcomes — such as respiratory complications, LOS, functional limitations, and chronic pain — remains insufficiently established. In addition, this technique requires specialized equipment, training, and operating room resources, raising important questions about value for money within a publicly funded health system.20 There is a need to synthesize evidence from studies evaluating clinical effectiveness and cost-effectiveness of cryoneurolysis, compared with alternative noncryoneurolysis pain management approaches, for people undergoing SSRF. A comprehensive assessment of cryoneurolysis through a rapid review is essential to evaluate potential benefits and harms compared with the existing pain management strategies, while balancing cost-effectiveness, within the health care context in Canada.
In mid-2025, policy decision-makers requested evidence to inform decisions regarding cryoneurolysis. To assess the available literature, Canada’s Drug Agency compiled a preliminary reference list of relevant research, which was used to prioritize 2 rapid reviews: cryoneurolysis for total knee arthroplasty and cryoneurolysis for SSRF.
Objectives
In response to an external request to support decision-making about cryoneurolysis, we prepared this rapid review to summarize and critically appraise available evidence regarding the clinical effectiveness and cost-effectiveness of cryoneurolysis compared to alternative pain management interventions not involving cryoneurolysis for people undergoing SSRF.
Methods
An information specialist conducted a customized literature search, balancing comprehensiveness with relevance, of multiple sources and grey literature on November 10, 2025.
One reviewer screened citations and selected studies based on the inclusion criteria presented in Table 1, and critically appraised the included publications using 1 critical appraisal tool.21 Appendix 1 presents a detailed description of methods and selection criteria for included studies.
Table 1: Selection Criteria
	Criteria
	Description

	Population
	Participants (all ages) undergoing surgical stabilization of rib fractures

	Intervention
	Cryoneurolysis delivered using any device or system, alone or with background therapy

	Comparator
	Alternative pain management interventions not involving cryoneurolysis (e.g., pharmacotherapy, physical therapy, psychological therapy, multimodal pain management strategies), sham cryoneurolysis, or no additional treatment (e.g., pain management protocol per institution)

	Outcomes
	Q1: Pain, physical function, self-efficacy, quality of life, hospital length of stay, analgesic use, adverse events
Q2: Cost-effectiveness (e.g., cost per quality-adjusted life-year gained)

	Study designs
	Q1: HTAs, SRs, RCTs, and nonrandomized studies
Q2: HTAs, SRs, and economic evaluations

	Publication date
	January 1, 2020, to November 10, 2025


HTA = health technology assessment; RCT = randomized controlled trial; SR = systematic review.
Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/RC1588.
Summary of Evidence
Quantity of Research Available
This report includes 6 publications22-27 that met our inclusion criteria, all of which were nonrandomized studies and addressed question 1 (clinical effectiveness). No studies were identified that addressed question 2 (cost-effectiveness). We reported on the characteristics and results from the subset of relevant studies. Appendix 2 presents the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA)28 flow chart of the study selection.
Summary of Study Characteristics
Summaries of study characteristics are organized by research question. Appendix 3 provides details regarding the characteristics of included publications.
Included Studies for Question 1: Clinical Effectiveness of Cryoneurolysis for Patients Undergoing SSRF
We identified 6 clinical studies addressing this question.22-27 All studies were retrospective cohort studies.22-27 Of these, 3 reported data from 1 centre,24,25,27 2 from multiple centres,23,26 and 1 from a national deidentified database.22 All studies were conducted in the US.22-27
Across all studies, populations included adult participants older than 18 years of age undergoing SSRF for rib fractures described as blunt trauma (2 studies),22,23 acute rib fractures (1 study),24 traumatic rib fractures (2 studies),25,27 and traumatic chest wall injury (1 study).26 Comorbidities of other medical disorders were reported in 3 studies,22,25,26 smoking in 3 studies,22,25,27 and substance use disorders in 2 studies.22,27 Two studies excluded participants with histories of opioid dependence.24,26
All included clinical studies22-27 provided information on the age and sex of participants; the authors did not report how sex was defined or measured. One study25 reported on the race of participants. The authors of 2 studies25,27 also provided information on body mass index. None of the included studies22-27 provided participant information for other PROGRESS-Plus criteria,29 such as place of residence, ethnicity, culture, language, occupation, religion, education, socioeconomic status, or social capital.
The study setting was described as level II or higher designated trauma centres located in urban settings in 1 study,23 a level I trauma centre in 2 studies,24,25 level I and III trauma centres in 1 study,26 and a level II trauma centre in 1 study.27 The setting was not reported in 1 study.22
Five23-27 out of 6 studies reported on the professional role of the person who administered cryoneurolysis; 4 studies23,25-27 reported that the cryoneurolysis was conducted by surgeons, and 1 study reported that a single faculty member with trainee surgeons24 administered the cryoneurolysis. All included studies22-27 implemented cryoneurolysis during the SSRF.
Interventions and comparators included:
	cryoneurolysis versus no cryoneurolysis (4 studies)22-25

	cryoneurolysis versus standard multimodal pain regimen (MMPR) (1 study)26

	cryoneurolysis versus elastomeric infusion pump (EIP) (1 study).27


All 6 studies reported more than 1 outcome on the clinical effectiveness of cryoneurolysis, including:
	pain intensity, including patient-reported postsurgery changes as well as pre- and postsurgery changes in numeric pain score (NPS) (4 studies)24-27

	analgesic use, including postsurgery changes as well as pre- and postsurgery changes in opioid consumption in oral morphine milliequivalents (MME) (5 studies)23-27

	resource use (6 studies),22-27 including:
	total hospital LOS (6 studies)22-27

	postoperative LOS (3 studies)23,24,27

	ICU admission or ICU LOS (4 studies)22,24-26

	operation times (1 study)24

	duration of mechanical ventilation (3 studies)22,25,26



	in-hospital complications (4 studies),22,24-26 including:
	overall in-hospital complications (2 studies)22,26

	incidence of pneumonia (3 studies)22,24,25

	tracheostomy rates (3 studies)24-26

	return to operating room (2 studies)22,26

	pulmonary complications (3 studies)22,26,27

	intubation after surgery (4 studies)24-263

	other in-hospital complications (2 studies)22,26



	postdischarge adverse events (2 studies),26,27 including:
	30-day readmission (2 studies)26,27

	chest wall neuralgia or paresthesia (2 studies)25,27

	functional limitations (1 study)25

	long-term pain medications (2 studies)24,25

	minor medical complications (1 study)25



	other outcomes (6 studies),22-27 including:
	discharge disposition (2 studies)24,25

	mortality rate (4 studies)22,24-26

	hospital charges (2 studies).23,27




Four studies24-27 reported on outcomes at follow-up after SSRF, which ranged from 30 days to 490 days.
Three studies conducted subgroup analyses on patients with flail chest,22 participants who were not sedated with opioid infusion,26 and patients who were opioid-naive.27
Included Studies for Question 2: Cost-Effectiveness of Cryoneurolysis for Patients Undergoing SSRF
This rapid review did not identify relevant studies that addressed research question 2; therefore, no summary can be provided.
Summary of Critical Appraisal
Appendix 4 provides additional details about the strengths and limitations of the included publications.
Included Studies for Question 1: Clinical Effectiveness of Cryoneurolysis for Patients Undergoing SSRF
The authors of the 6 included studies22-27 provided clear descriptions of study aims, interventions, participant eligibility criteria, and main outcomes. Reporting quality was generally good, with clear descriptions of interventions and clinically relevant outcomes. Additional methodological strengths included the use of valid outcome measures and reporting estimates of random variability (e.g., confidence intervals) and exact P values across all studies.22-27
Several factors affected the internal and external validity of the included studies. All studies22-27 were observational and retrospective, with no randomized or prospective comparative designs, which increases the risk of confounding and selection bias and limits causal inference. Many important patient-centred and safety outcomes were not consistently reported.323 Because of the nature of the intervention (surgeon’s familiarity with the procedure, absence of contraindications), the decision to conduct the cryoneurolysis was left at the discretion of the operating surgeon performing SSRF in 423,25-27 out of 6 studies (1 study22 did not report on the person conducting the surgery). This could have resulted in systematic differences between intervention and comparator groups, potentially introducing bias into the estimates of treatment effects.
Although authors reported some relevant baseline participant characteristics (e.g., age, sex, body mass index), many important characteristics that stratify health opportunities and outcomes were not reported in the included studies, such as race, ethnicity, culture, language, place of residence, socioeconomic status, and other PROGRESS-Plus criteria.29 As a result, it remains unclear whether the study population is representative and whether the findings of these studies conducted in the US can be generalized to settings in Canada. In addition, none of the included studies22-27 included formal power calculations.
Across all studies,22-27 authors reported their potential conflicts of interest related to their work; the authors of 3 studies23,26,27 reported that they had paid affiliations with related medical device companies. Importantly, the authors of 2 studies23,27 were paid to educate faculty by the medical company developing the cryoneurolysis probe used in these studies. This may have influenced the study’s findings. The authors of 4 studies22,25-27 reported receiving no financial support for their studies, whereas sources of funding were not disclosed in 2 studies.23,24
Overall, the studies varied in scope and strength. Smaller single-centre studies24,25,27 contributed valuable information on feasibility, patient-reported pain intensity, opioid consumption, and postsurgery adverse outcomes, but were limited by small sample sizes, limited adjustment for confounders, and restricted generalizability. Larger multicentre and national database studies22,23,26 improved external validity and assessment of system-level outcomes such as ICU LOS and in-hospital complications, although contextual details of interventions in various settings and patient-centred outcomes were often lacking.
Included Studies for Question 2: Cost-Effectiveness of Cryoneurolysis for Patients Undergoing SSRF
This rapid review did not identify relevant studies that addressed research question 2; therefore, no appraisal can be provided.
Summary of Findings
Appendix 5 presents additional details regarding the main study findings.
Question 1: Clinical Effectiveness of Cryoneurolysis for Patients Undergoing SSRF
Evidence regarding the clinical effectiveness of cryoneurolysis versus alternative pain management interventions for patients undergoing SSRF was available from 6 primary clinical studies.22-27
Pain Intensity 
Four studies24-27 reported on the patient-reported postsurgery changes25,26 as well as pre- and postsurgery changes24,27 in pain intensity. One study27 showed that receiving cryoneurolysis was associated with a statistically significant reduction in postoperative pain in NPS compared to the EIP group. The other 3 studies24-26 did not show statistically significant differences in NPS for cryoneurolysis versus comparators (noncryoneurolysis24,25 and MMPR26).
Analgesic Use 
Five studies23-27 reported on analgesic use, including postsurgery changes23,25,26 as well as pre- and postsurgery changes24,27 in opioid consumption, in oral MME. Two studies indicated a statistically significant reduction in total23,25 and daily25 MME in those receiving cryoneurolysis compared to those not receiving cryoneurolysis after SSRF. One study27 showed that receiving cryoneurolysis was associated with statistically significantly lower inpatient opioid use after SSRF compared to receiving EIP. One study26 comparing cryoneurolysis to MMPR after SSRF indicated statistically significantly lower total and daily MME in the cryoneurolysis group, whereas differences in discharge MME were not statistically significant between groups. One study24 comparing changes in opioid requirements in oral MME, between 12 hours before SSRF and the last 24 admission hours before discharge, did not show statistically significant differences between those receiving cryoneurolysis compared to those not receiving cryoneurolysis after SSRF.
Resource Use
All 6 included studies22-27 reported on total hospital LOS after SSRF. Of these, 2 studies23,26 showed statistically significantly shorter total hospital LOS with cryoneurolysis versus noncryoneurolysis23 and MMPR26 after SSRF.
Three studies reported on postoperative LOS after SSRF.23,24,27 Of these, 2 studies showed statistically significantly shorter postoperative LOS with cryoneurolysis compared to EIP27 and noncryoneurolysis.23 The difference in postoperative LOS in 1 study24 comparing cryoneurolysis to noncryoneurolysis was not statistically significant.
Four studies reported on ICU admission24 or ICU LOS.22,25,26 Three studies indicated that receiving cryoneurolysis after SSRF was associated with statistically significantly shorter ICU LOS compared to noncryoneurolysis24,25 and MMPR.26 The 1 study reporting on rate of ICU admission24 showed no statistically significant differences for cryoneurolysis versus noncryoneurolysis.
One study24 on operation time showed no statistically significant differences between those who received cryoneurolysis and those who did not receive cryoneurolysis for patients undergoing SSRF.
Three studies22,25,26 reported on duration of mechanical ventilation: 1 study26 indicated statistically significantly lower duration of mechanical ventilation in the group that received cryoneurolysis compared to those who received MMPR, whereas the differences in 2 studies comparing cryoneurolysis versus noncryoneurolysis were not statistically significant.
Other than these outcomes, none of the included studies reported on factors or outcomes related to human health resources, such as staff time, workflow impacts, or training and credentialing requirements for cryoneurolysis use.
In-Hospital Complications
Four studies22,24-26 reported on outcomes related to in-hospital complications. Of the 2 studies22,26 that reported on overall in-hospital complications, 1 study22 showed statistically significantly fewer complications in the cryoneurolysis group than in the noncryoneurolysis group, whereas the other study26 did not report statistically significant differences between the cryoneurolysis and MMPR groups.
Out of the 3 studies22,24,25 reporting on the incidence of pneumonia in those receiving cryoneurolysis versus those not receiving cryoneurolysis after SSRF, 1 study22 showed statistically significantly lower rates of ventilator-associated pneumonia in the cryoneurolysis group compared to the noncryoneurolysis group. The group differences in the other 2 studies24,25 were not statistically significant.
Three studies reported on tracheostomy rates in groups receiving cryoneurolysis versus noncryoneurolysis24,25 and MMPR.26 Of these, 1 study25 showed statistically significantly lower rates of tracheostomy in the cryoneurolysis group than in the noncryoneurolysis group.
Of the 2 studies22,26 reporting on return to the operating room after SSRF, neither showed a statistically significant difference with cryoneurolysis versus comparators (i.e., noncryoneurolysis22 or MMPR26).
Three studies22,26,27 reported on pulmonary complications after SSRF. One study22 indicated statistically significantly fewer pulmonary complications with cryoneurolysis versus noncryoneurolysis; however, the differences between cryoneurolysis and MMPR26 or EIP27 were not statistically significant in 2 studies.
Four studies22,24-26 reported on intubation after surgery. Two studies showed that a statistically significantly lower percentage of patients who received cryoneurolysis were intubated compared with those in the noncryoneurolysis25 or MMPR groups.26 The differences in 2 studies22,24 comparing cryoneurolysis to noncryoneurolysis were not statistically significant.
Two studies22,26 reported on other in-hospital complications after SSRF. In 1 study26 reporting on unplanned reintubation, hardware removal, chest tube reinsertion, COVID+ [as reported by the study authors], and postoperative nerve block, authors did not find any statistically significant differences between those who received cryoneurolysis versus MMPR after surgery. The other study22 reported on cerebrovascular accidents, extremity compartment syndrome, delirium, acute respiratory distress syndrome, myocardial infarction, cardiac arrest, acute kidney injury, deep vein thrombosis, sepsis, and various infections (superficial, deep, and organ space surgical site infection, central line-associated bloodstream infection, and catheter-associated urinary tract infection). Participants who received cryoneurolysis showed a statistically significant reduction in extremity compartment syndrome and cerebrovascular accident events compared to those in the noncryoneurolysis group.22 Other group differences were not statistically significant in this study.22
Postdischarge Adverse Events
Four studies24-27 reported on short-term and long-term adverse events after SSRF, which ranged from 30 days to 490 days.
No statistically significant group differences were shown in 2 studies26,27 reporting on post-discharge adverse events, including 30-day readmission and incidence of chest wall neuralgia at a 1-year follow-up.
One study24 that reviewed long-term adverse events, to assess long-term safety, reported that patients who underwent SSRF with cryoneurolysis did not experience any functional limitations or other complications of cryoneurolysis, except for 1 patient (6%) who reported mild lateral chest wall paresthesia at a 6-month follow-up. Of those who did not receive cryoneurolysis, 1 patient reported difficulty sleeping due to chest wall pain at a 1-month follow-up. No statistical comparison was reported between groups for these adverse events. Authors did not find statistically significant differences in the proportion of patients requiring opioids or other pain medications at a follow-up of 2 weeks  after discharge.24
One study25 reported on short-term (0 to 3 months) and long-term (3 to 6 months) follow-up of patients who received cryoneurolysis versus noncryoneurolysis after SSRF. The authors reported that short-term adverse events occurred in 86.3% of the patients receiving cryoneurolysis and 87.5% of patients in the noncryoneurolysis group. No statistical comparison was reported between groups for these adverse events.25
Other Outcomes
All 6 included studies22-27 reported on other outcomes. Of the 2 studies24,25 that reported on discharge disposition, 1 study25 found that those who received cryoneurolysis versus noncryoneurolysis after SSRF had a statistically significantly higher likelihood of being discharged to their home. The group differences in the other study24 reporting on the percentage of people being discharged to home, long-term care hospitals, or skilled nursing and other facilities were not statistically significant.
Four studies22,24-26 reported on mortality rate between those received cryoneurolysis versus noncryoneurolysis22,24,25 or cryoneurolysis versus MMPR.26 None of the group differences related to these outcomes were statistically significant.
Two studies23,27 reported on hospital charges. One study23 indicated statistically significantly lower postoperative hospital charges, and charges related to the day of surgery among those receiving cryoneurolysis versus the noncryoneurolysis group, despite similar total hospital charges. The other study27 observed lower mean hospital costs in the cryoneurolysis group compared to the EIP group; however, this difference did not reach statistical significance.
Subgroup Analyses
Three studies22,26,27 conducted subgroup analyses related to data from their research participants.
One study22 performed a subgroup analysis of patients with flail chest. The decreased ICU LOS in the cryoneurolysis versus noncryoneurolysis groups remained a statistically significant outcome in the flail chest subset.
One study26 conducted analyses excluding participants who were sedated with opioid infusion. Total MME, hospital LOS, and ICU LOS remained statistically significant in both univariate and multivariable analyses.26
The third study evaluated opioid dependence at 1 year following surgery for patients who were opioid-naive.27 At discharge, patients who were opioid-naive and received cryoneurolysis were prescribed a statistically significantly lower median opioid dose than those who received EIP.
Question 2: Cost-Effectiveness of Cryoneurolysis for Patients Undergoing SSRF
We found no relevant evidence regarding the cost-effectiveness of cryoneurolysis for patients undergoing SSRF; therefore, no summary can be provided.
Limitations
Evidence Gaps
Despite a growing number of studies evaluating cryoneurolysis during SSRF, important gaps remain in the evidence base. No randomized controlled trials or well-designed prospective comparative studies were identified, limiting the ability to draw firm conclusions about comparative clinical effectiveness. Evidence is particularly limited for head-to-head comparisons with established analgesic modalities, such as thoracic epidural analgesia or paravertebral blocks.8
Several clinically relevant outcomes were either inconsistently reported or not reported, including long-term pain intensity, functional recovery, quality of life, return to work, and patient satisfaction.22,23 Evidence is also lacking for many populations of interest, such as older adults with frailty, individuals with multiple comorbidities, and those with chronic pain or opioid use disorder, for whom analgesic strategies may have different risk and benefit profiles. An additional evidence gap is the lack of evidence on the effectiveness and other considerations for postoperative cryoneurolysis, as all included studies22-27 applied cryoneurolysis intraoperatively during SSRF, leaving its impact when delivered after surgery unknown. Another limitation of the literature is the absence of data on human health resource implications of cryoneurolysis, as included studies did not assess staff time, workflow impacts, or training and credentialing requirements, limiting understanding of its feasibility and scalability in routine clinical practice.
Evidence on long-term outcomes remains sparse. Although cryoneurolysis is intended to provide analgesia for several months, few studies reported on long-term outcomes, such as postdischarge opioid use or pneumonia beyond the index hospitalization.22-27 In addition, the available follow-up data were limited in duration, incomplete, and not systematic. Two single-centre studies24,27 that included limited postdischarge follow-up data did not identify persistent neuropathic pain or long-term complications. However, these findings were based on small samples and were not powered to detect uncommon or delayed adverse events.
Large database studies22 and multicentre cohorts23,26 did not capture outcomes related to long-term pain, opioid use, pulmonary complications, functional recovery, or quality of life. As a result, substantial uncertainty remains regarding the durability of analgesic benefit and long-term safety, highlighting an important gap in the evidence base.
The overall quantity of evidence is limited to a small number of observational studies conducted in a narrow range of settings. While findings are directionally consistent, the limited number of studies and their overlapping designs reduce confidence in the robustness of conclusions. The conclusions from findings rely heavily on outcomes such as opioid consumption and LOS rather than patient-reported outcomes. As a result, there is limited certainty regarding the strength of conclusions that can be drawn about the magnitude of benefit associated with cryoneurolysis for SSRF.
This rapid review did not identify any relevant evidence regarding the cost-effectiveness of cryoneurolysis in people undergoing SSRF. This limits the ability to evaluate their economic value. Without evidence on costs relative to health and/or social outcomes, policy-makers may face challenges in how to allocate scarce resources and how to prioritize cryoneurolysis implementation over other alternative pain management after SSRF.
Generalizability
Generalizability of findings is constrained by the clinical and institutional contexts in which the studies were conducted. Most studies were performed in high-volume trauma centres with established SSRF programs and access to specialized surgical and anesthetic expertise.23-25,27 Patients included in these studies often had injury patterns and clinical trajectories that may not reflect those seen in smaller or rural hospitals.22,23 The lack of standardization across centres regarding both the number of nerves cryoablated and the ablation technique limits comparability across studies.22,23,26 It remains unclear whether similar outcomes would be achieved in settings without comparable resources, experience, or multidisciplinary pain management infrastructure.
Applicability to Clinical Practice in Health Care Context in Canada
The applicability of the findings to clinical practice in Canada is uncertain, as none of the included studies were conducted in Canada. Differences in trauma system organization, access to SSRF, availability of cryoneurolysis technology, and postoperative pain management pathways may influence both feasibility and effectiveness in the context of Canada. System-level considerations in publicly funded care — such as operating room time, staffing, and costs — are particularly relevant, and without evidence from hospitals in Canada, findings should be interpreted cautiously.
Equity Considerations
Equity considerations are largely absent from the current literature. None of the studies reported outcomes stratified by sex, gender, race, ethnicity, socioeconomic status, or rurality, nor did they address barriers to accessing SSRF or cryoneurolysis. This limits understanding of whether the benefits of cryoneurolysis are equitably distributed or whether certain groups may face disproportionate barriers to access. Additionally, because cryoneurolysis is typically available in specialized centres,23-25,27 there are concerns that its adoption could exacerbate existing disparities in trauma care, particularly for patients living in rural or remote communities and those with limited access to tertiary trauma services. The absence of patient engagement data further limits insight into patient-valued outcomes and equity-related impacts.
Conclusions and Implications for Decision- or Policy-Making
This rapid review evaluated the literature regarding the clinical effectiveness and cost-effectiveness of cryoneurolysis compared with alternative noncryoneurolysis pain management interventions for people undergoing SSRF. We identified 6 retrospective cohort studies22-27 addressing clinical effectiveness and no studies evaluating the cost-effectiveness of cryoneurolysis.
Summary of Evidence
Results from the 6 included studies22-27 suggest that cryoneurolysis used during SSRF is generally associated with improved postoperative pain-related outcomes compared with SSRF without cryoneurolysis or with alternative pain management strategies (i.e., MMPR26 or EIP27). Benefits were most consistently observed for reduced opioid consumption, lower pain scores, and shorter postoperative and ICU LOS, with no evidence of increased complications. Subgroup analyses across 3 studies showed that cryoneurolysis was associated with shorter ICU or hospital LOS and reduced opioid use.22,26,27 Among patients who were opioid-naive, cryoneurolysis was linked to lower opioid prescribing at discharge and no reported long-term opioid use at 1 year.27
Earlier research24 established the technical feasibility and short-term safety of cryoneurolysis used during SSRF, whereas subsequent single-centre and multicentre cohort studies demonstrated consistent reductions in opioid consumption, as well as shorter postoperative or ICU LOS compared with SSRF without cryoneurolysis23,25 or with other analgesic strategies.26,27 Importantly, the national database analysis22 extended these findings to a system level, suggesting that improved analgesia may result in fewer serious in-hospital complications and reduced ICU utilization.
Although causality cannot be established, the convergence of findings across diverse settings and outcomes strengthens confidence that cryoneurolysis may provide incremental clinical benefit within SSRF pathways. However, limitations in the evidence base highlight the need for randomized and longitudinal research.
Despite the review’s intention to assess economic evidence, no studies evaluating cost-effectiveness were identified. However, all included studies provided direct23,27 and indirect22-27 information on cost and resource use about the economic implications of cryoneurolysis used during SSRF. Across studies that reported financial outcomes, cryoneurolysis was not associated with higher overall hospital costs27 and, in some cases, was linked to lower postoperative charges23 and resource use.22,23,27 Importantly, no study reported increased LOS or complication-related costs attributable to cryoneurolysis.
Overall, while the available evidence suggests cryoneurolysis is unlikely to increase costs and may be cost-neutral or cost-saving in some settings, economic conclusions remain uncertain. There is a need for robust cost-effectiveness analyses incorporating procedural costs, human health resource implications, downstream resource use, and longer-term outcomes.
Considerations for Future Research
Future research should focus on generating comparative evidence to clarify the independent effectiveness of cryoneurolysis during SSRF. Prospective and, where feasible, randomized controlled trials comparing cryoneurolysis with established analgesic strategies are needed to reduce uncertainty and better define its role within multimodal pain management pathways.
Research should also prioritize patient-reported and longer-term outcomes, including functional recovery, chronic pain, and sustained opioid use, while improving representation across care settings and equity-deserving populations. Finally, integrating robust economic evaluations into future studies is essential to determine the value of cryoneurolysis within publicly funded health care systems.
Considerations for Clinical Practice or Considerations for Decision- or Policy-Making
Cryoneurolysis may offer meaningful benefits in postoperative pain management, particularly through opioid-sparing effects and potential reductions in postoperative and ICU LOS. These benefits appear to be achieved without an observed increase in complications, which supports the consideration of cryoneurolysis as an adjunct within specialized SSRF programs. However, decisions about adoption should be made in the context of limited certainty, as the evidence is derived entirely from observational studies conducted in a limited number of high-volume trauma centres. Cryoneurolysis should therefore be viewed as a potentially beneficial option for pain management; however, its use may be most appropriate in centres with established SSRF expertise, multidisciplinary pain management teams, and the technical capacity to perform the procedure safely.
In addition, the generalizability of findings to the context of Canada and its health care systems is limited, as none of the included studies were conducted in Canada. The absence of robust cost-effectiveness evidence warrants a cautious and context-sensitive approach. While available data suggest that cryoneurolysis is unlikely to increase overall hospital costs and may reduce downstream resource use, these findings are indirect and dependent on the setting and country. Phased or selective implementation approaches, along with the systematic collection of data on clinical outcomes, resource use, and patient-reported experiences, could help inform future decision-making.
Because cryoneurolysis is typically available in specialized or high-level trauma centres with established SSRF programs, experienced surgical teams, and advanced pain management infrastructure, findings may not be directly generalizable to lower-level trauma centres where SSRF is less common and access to cryoneurolysis expertise and resources may be limited. As a result, there is a risk of uneven access across regions and populations.13 Targeted strategies, such as referral pathways, training, or regional planning, may be required to support equitable access.
Overall, cryoneurolysis may be considered a beneficial adjunct for pain management for individuals undergoing SSRF within appropriate clinical contexts; however, broader implementation should be balanced against current evidence limitations, resource implications, and equity considerations, with ongoing evaluations to reduce uncertainty over time.
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Appendix 1: Detailed Methods and Selection of Included Studies
Please note that this appendix has not been copy-edited.
What Is a Rapid Review?
Rapid reviews are based on accelerated and abbreviated systematic review methods, balancing timeliness with rigour, to allow for timely decision-making. Due to these abbreviated methods, rapid reviews have some limitations. For example, following full-text review, the research questions and eligibility criteria were refined to align with project timelines and to focus the rapid review on SSRF, the priority area identified by the customer. This decision was informed by the review’s initial aim to examine chest wall surgery more broadly, with SSRF identified as the highest-priority topic for the customer. In addition, unlike in systematic reviews, for which at least 2 independent reviewers are needed to screen studies to reduce selection bias, a single reviewer was required to include, extract the data, and appraise a study. Similarly, we included studies published from 2020, excluding older studies. Albeit, focusing on more recently published articles may be more reflective of current practices. Our rapid review intends to summarize the available evidence, rather than provide recommendations. These findings should not be interpreted as prescriptive guidance.
Literature Search Methods
An information specialist conducted a literature search on key resources including MEDLINE, the Cochrane Database of Systematic Reviews, the International HTA Database, the websites of health technology assessment (HTA) agencies in Canada and major international HTA agencies, as well as a focused internet search. The search approach was customized to retrieve a limited set of results, balancing comprehensiveness with relevance. The search strategy comprised both controlled vocabulary, such as the National Library of Medicine’s MeSH (Medical Subject Headings), and keywords. Search concepts were developed based on the elements of the research questions and selection criteria. The main search concepts were cryoneurolysis and chest surgery. Search filters were applied to limit retrieval to health technology assessments, systematic reviews, meta-analyses, or indirect treatment comparisons, randomized controlled trials, controlled clinical trials, or any other type of clinical trial, observational studies, economic studies, and citations related to health utilities or quality of life. Conference reviews, conference abstracts, and clinicaltrials.gov records were excluded. Retrieval was limited to the human population. The search was completed on November 10, 2025, and limited to English-language documents published since January 1, 2020. The search strategy is available on request.
Selection Criteria and Methods
One reviewer screened citations and selected studies examining the clinical effectiveness and cost-effectiveness of cryoneurolysis for patients undergoing chest wall surgery. In the first level of screening, titles and abstracts were reviewed and potentially relevant articles were retrieved and assessed for inclusion. Following full-text review, the scope of the review was further refined to focus on SSRF, reflecting a modification of the original research questions and inclusion criteria to align with project timelines and the priority area. The final selection of full-text articles was based on the inclusion criteria presented in Table 1.
Exclusion Criteria
Articles were excluded if they:
	did not meet the selection criteria outlined in Table 1

	were focused on using cryoneurolysis for chest surgeries other than SSRF

	were duplicate publications or were published before 2020

	were of any design published only as abstracts, conference proceedings, presentations, thesis documents, or preprints

	were single-arm before-and-after studies, case studies, and case reports

	were published in languages other than English (for feasibility reasons).


Critical Appraisal of Individual Studies
The included publications were critically appraised by 1 reviewer using the Downs and Black checklist21 for randomized and nonrandomized studies as a guide. Summary scores were not calculated for the included studies; rather, the strengths and limitations of each included publication were described narratively.
Data Extraction
One reviewer extracted data directly into standardized tables created in Microsoft Word, which were modified as necessary. The extracted information included study characteristics, methodology (e.g., study design), population, intervention, comparator, and results regarding the outcomes of interest.
One reviewer extracted information from the included studies using the PROGRESS-Plus29 tool to describe different population groups. Each included study was checked to determine if PROGRESS-Plus29 criteria were reported by study authors to describe the participants; detailed characteristics, if available, were then extracted and reported in tables in Appendix 2. The main PROGRESS-Plus29 criteria include place of residence; race, ethnicity, culture, and/or language; occupation; gender and/or sex; religion; education; socioeconomic status; and social capital. As part of report writing, we discuss these characteristics across the evidence, where available, when presenting results within the text.
When reporting on sex, gender, race, or ethnicity in this rapid review, we planned to retain the language used by the original study authors, and, whenever possible, we referred to these groups based on guidance from Canada’s Drug Agency Style: A Guide for Authors and Editors30 at the time this rapid review was conducted, with an understanding that language is constantly evolving.
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Appendix 2: Selection of Included Studies
Please note that this appendix has not been copy-edited.
Figure 1: Selection of Included Studies — PRISMA28 Flow Chart of Selected Reports
[image: A flow diagram showing 553 citations were identified and 479 were excluded. There were 8 potentially relevant reports retrieved from other sources, for a total of 74 potentially relevant articles and grey literature reports retrieved for scrutiny. In total, 68 were excluded and 6 reports were included in the review.]
PRISMA = Preferred Reporting Items for Systematic reviews and Meta-Analyses.

Appendix 3: Characteristics of Included Publications
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Table 2: Characteristics of Included Primary Clinical Studies
	Study citation, country, funding source
	Study design and period
	Population characteristics and setting
	Injury profile
	Operation characteristics
	Intervention, manufacturer, and comparator(s)
	Clinical outcomes, length of follow-up, subgroup analysis

	Aryan et al. (2024)22
US
Funding source: None
	Retrospective cohort
Trauma Quality Improvement Program database (a national deidentified database) from 2017 to 2021
	Participants: 15,784 participants ≥ 18 years old with blunt trauma undergoing SSRF. Of these, 750 (4.8%) received cryoneurolysis.
Diagnosis: blunt trauma
Comorbiditiesa:
	Cerebrovascular accident: 1.2% vs. 1.6%

	Congestive heart failure: 2.6% vs. 2.2%

	COPD: 8.9% vs. 7.5%

	Peripheral arterial disease: 1.1% vs. 0.6%

	Cirrhosis: 0.5% vs. 0.8%

	Chronic kidney disease: 0.9% vs. 0.8%

	Diabetes: 17.4% vs. 15.3%

	Steroid use: 1.6% vs. 0.9%b

	Substance use: 7.0% vs. 8.6%

	Alcohol use: 9.9% vs. 9.3%

	Smoking: 29.7% vs. 25.9%b


Age, median (IQR)a: 59 (47 to 67) years vs.57 (46 to 67) years
Sex or gender:
	72.1% vs. 73.9% male

	other sexes or genders NR


Other PROGRESS-Plus criteriac: NR
Setting: NR
	Mechanism of injurya
	Fall: 32.4% vs. 28.9%b

	Motorcycle collision: 17.1% vs. 16.4%

	Pedestrian struck: 5.3% vs. 7.4%b

	Bicycle: 5.5% vs. 4.5%


Vitals on arrivala:
	Tachycardia (> 120 bpm): 9.7% vs. 13.3%b

	Tachypnea:d 37.0% vs. 39.6%

	Hypotension:e 5.4% vs. 7.1%


Injury characteristica:
	ISS, median (IQR): 17 (10 to 24) vs. 17(13 to 26)b

	AIS (grade ≥ 3):


Head: 4.9% vs. 5.2%
Thorax: 27.1% vs. 34.0%b
Abdomen: 6.0% vs. 7.6%
Traumatic brain injury: 13.1% vs. 15.2%
	Thoracic injuries:


Single rib fracture: 2.8% vs. 3.4%
Multiple rib fractures: 66.3% vs. 63.5%
Sternum fracture: 10.8% vs. 11.5%
Flail chest: 38.5% vs. 43.1%b
Thoracic vessels: 2.5% vs. 2.8%
Esophagus: 0% vs. 0%
	All lung injuries: 88.8% vs. 91.1%b


Pneumothorax: 36.3% vs. 39.1%
Hemothorax: 19.1% vs. 17.1%
Hemopneumothorax: 39.1% vs. 42.1%
Lung NOS: 46.8% vs. 52.5%b
	Abdominal injuries:


Liver: 8.9% vs. 11.8%b
Spleen: 13.7% vs. 14.3%
Stomach: 0% vs. 0.3%
Small bowel: 0.9% vs. 1.2%
Colon: 1.2% vs. 1.2%
Rectum: 0.1% vs. 0%
Pain management during hospitalization: NR
	Number of ribs fixateda: NR
Number of nerves cryoablated: NR
Cryoneurolysis conducted by: NR
Time of cryoneurolysis administration: during SSRF; specific timing NR
Time to surgery: during the hospitalization after injury; exact timing NR
	Intervention: cryoneurolysis
	Manufacturer: NR


Comparator: No cryoneurolysis
	Outcomes:
	Pain intensity: NR

	Analgesic use: NR

	Resource use: HLOS; ICU LOS; Ventilator days

	In-hospital complications: Overall in-hospital complications; cerebrovascular accident; delirium; acute respiratory distress syndrome; unplanned intubation; myocardial infarction; cardiac arrest; acute kidney injury; pulmonary embolism; deep vein thrombosis; sepsis; superficial SSI; deep SSI; organ space SSI; extremity compartment syndrome; ventilator associated pneumonia, CLABSI, CAUTI; unplanned returns to the operating room

	Post-discharge adverse events: NR

	Other: mortality rates


Follow-up:
NR
Subgroup analysis:
flail chest participants

	Marturano et al. (2023)26
US
Funding source: None
	Multicentre retrospective cohort
January 2015 to September 2021
	Participants: 241 participants ≥ 18 years old undergoing SSRF.
Of these, 51 (21.2%) received cryoneurolysis.
Diagnosis: traumatic chest wall injury
Comorbiditiesa:
	Underlying lung disease: 27.5% vs. 15.3%b


Age, mediana (IQR): 60.0 (51.0 to 70.0) vs. 55.0 (42.0 to 65.0)b
Sex or gendera:
	23.5% vs. 26.3% female

	other sexes or genders: NR


Other PROGRESS-Plus criteriac: NR
Setting: 2 trauma centres within the same system (Level I and III)
	Mechanism of injurya: NR
Vitals on arrivala: NR
Injury characteristica:
	ISS, median (IQR): 14.0 (10.0 to 22.0) vs. 19.0 (14.0 to 29.0)b

	Chest-AIS, median (IQR): 3 (3 to 3) vs. 3 (3 to 4)

	Head-AIS, median (IQR): 0.0 (0.0 to 0.0) vs. 0.0 (0.0 to 0.0)

	Abdomen-AIS, median (IQR): 0.0 (0.0 to 2.0) vs. 0.0 (0.0 to 2.0)

	Number Ribs Broken, Median (IQR): 7 (5.0 to 9.0) vs. 8 (6.0 to 11.0)b

	Flail Ribs: 41.2% vs. 50.0%


Pain management during hospitalization: peripheral nerve block within 48 hours of admission
	Number of ribs fixateda, median (IQR): 4.0 (3.0 to 5.0) vs. 4.0 (3.0 to 6.0)
Number of nerves cryoablated, median (IQR): 6 (5 to 6) vs. NA
Cryoneurolysis conducted by: surgeons
Time of cryoneurolysis administration: during SSRF; during drainage of any hemothorax and before fracture reduction and fixation
Time from admission to surgery: within 72 hours of admission
	Intervention:
cryoneurolysis
	Manufacturer: cryoICE probe by AtriCure, Inc.


Comparator: Standard MMPR (MMPR included scheduled acetaminophen, ibuprofen, gabapentin, methocarbamol, and/or topical lidocaine as first-line agents. A combination of short acting opioids in both IV and oral forms was used as second-line options)
	Outcomes:
	Pain intensity: post-operative NPS at discharge

	Analgesic use: total and daily postoperative MME; discharge MME

	Resource use: HLOS; ICU LOS, ventilator days

	In-hospital complications: hardware removal; chest tube reinsertion; intubation after surgery; unplanned reintubation; postoperative nerve block; any additional thoracic interventions; pulmonary complications

	Post-discharge adverse events: COVID+ [as reported by the study authors]; 30-day readmission

	Other: NR


Follow-up: 30 days
Subgroup analysis: excluding participants who were sedated with opioid infusion

	Fernandez et al. (2022)25
US
Funding source: None
	Single-centre retrospective cohort
September 28, 2015 to January 9, 2021
	Participants: 68 participants ≥ 18 years old undergoing SSRF. Of these, 44 (64.7%) received cryoneurolysis.
Diagnosis: multiple traumatic rib fractures
Comorbiditiesa:
	Current smoker: 27.3% vs. 41.7% Hypertension: 22.7% vs. 12.5%

	Diabetes mellitus: 11.4% vs. 4.2%


Age, mediana (IQR): 59 (52 to 69) vs. 57 (50 to 68)
Sex or gendera:
	Female: 29.6% vs. 16.7%

	Male: 70.5% vs. 83.3


other sexes or genders NR
Racea:
	White: 84.1% vs. 95.8%

	Black: 6.9% vs. 0.0%

	Other: 9.1% vs. 4.2%


BMI, mediana (IQR): 27.3 (24.9 to 30.0) vs. 26.8 (25.8 to 32.3)
Other PROGRESS-Plus criteriac: NR
Setting: Level I trauma centre
	Mechanism of injurya:
	Fall: 40.9% vs. 37.5%

	Bicycle: 9.1% vs. 8.3%

	Motorcycle: 15.9% vs. 12.5%

	Motor vehicle collision: 22.7% vs. 25.0%

	Other blunt: 11.4% vs. 16.7%


Vitals on arrivala: NR
Injury characteristica:
	ISS, median severity (IQR): 14 (10 to 20) vs. 18 (14 to 26)

	Chest-AIS, median severity (IQR): 3 (3 to 4) vs. 4 (3 to 4)b

	Abdomen/pelvis-AIS, median severity (IQR): 2 (2 to 3) vs. 3 (2 to 3)

	Spine-AIS, median severity (IQR): 2 (1 to 2) vs. 2 (2 to 2)

	Lower extremity-AIS, median severity (IQR): 2 (1 to 2) vs. 2 (1 to 2)

	Upper extremity-AIS, median severity (IQR): 2 (2 to 2) vs. 2 (2 to 2)

	Rib fracture description: Nonflail < 5: 15.9% vs. 8.3%

	Nonflail ≥ 5: 40.9% vs. 45.8%

	Flail < 5: 9.1% vs. 4.2%

	Flail ≥ 5: 34.1% vs. 41.7%


Pain management during hospitalization: All patients received rib fracture multimodal pain management according to standardized protocols at the institution:
Patient-controlled analgesia: 11.4% vs. 20.8%
Intercostal nerve block: 29.5% vs. 8.3%
Epidural: 29.5% vs. 41.7%
	Number of ribs fixateda, median (IQR): 4 (3 to 5) vs. 5 (4 to 5)
Number of nerves cryoablated, median (IQR): 5 (4 to 6) vs. NA
Cryoneurolysis conducted by: an attending surgeon with the assistance of residents
Time of cryoneurolysis administration: during SSRF; at the end of surgery
Time from admission to surgery, median (IQR): 3 days (2 to 4) vs. 3 days (2 to 6)
	Intervention:
cryoneurolysis
	Manufacturer: cryoSPHERE probe by AtriCure, Inc.


Comparator: No cryoneurolysis
	Outcomes:
	Pain intensity: Daily multiple self-reported NPS

	Analgesic use: total and daily MME consumption

	Resource use: HLOS; ICU LOS

	In-hospital complications: intubation after surgery; duration of mechanical ventilation; incidence of pneumonia; tracheostomy rates

	Post-discharge adverse events: medical complications; functional limitations; chest wall paresthesias; utilization of opioids

	Other: discharge disposition; mortality


Follow-up: 0 to 3 months, 3 to 6 months
Subgroup analysis: none

	O'Connor et al. (2022)27
US
Funding source: None
	Single-centre retrospective cohort
October 2017 to November 2020
	Participants: 26 participants ≥ 18 years old undergoing SSRF. Of these, 14 (53.8%) received cryoneurolysis.
Diagnosis: traumatic rib fractures
Comorbiditiesa:
	Tobacco use: 43% vs. 25%

	People who are opioid tolerantf: 43% vs. 33%


Age, meana (SD): 54 (12.3) vs. 52 (20.5)
Sex or gendera:
	78% vs. 58% male

	other sexes or genders NR


BMI, meana (SD): 30.8 (7.2) vs. 33.1 (8.8)
Other PROGRESS-Plus criteriac: NR
Setting: level II trauma centre
	Mechanism of injurya: NR
Vitals on arrivala:
	Admission GCS, median (IQR): 15 (6 to 15) vs. 15 (14 to 15)


Injury characteristica:
	ISS, mean (SD): 15.9 (8.7) vs. 21.4 (10.3)

	Rib fracture score, median (range): 9 (4 to 16) vs. 9 (9 to 16)

	Flail segment: 50% vs. 42%

	Number of ribs fractured, median (range): 6 (2 to 10) vs. 7 (4 to 10)


Pain management during hospitalization: standard multimodal pain management protocol per institution’s rib fracture pathway, including scheduled and as-needed medications
	Number of ribs fixateda, median (range): 4 (1 to 5) vs. 4 (3 to 5)
Number of nerves cryoablated: NR
Cryoneurolysis conducted by: surgeons
Time of cryoneurolysis administration: during SSRF; at the beginning of the rib fixation procedure
Time from admission to surgery, (days), mean (SD): 3.1 (1.4) vs. 3.6 (2.5)
	Intervention:
cryoneurolysis
	Manufacturer: cryoSPHERE probe by AtriCure, Inc.


Comparator: ropivacaine 0.2% EIP
	Outcomes:
	Pain intensity: change in patient-reported NPSg

	Analgesic use: change in opioid consumption following surgery in oral MMEg

	Resource use: HLOS; Postoperative LOS

	In-hospital complications: change in pulmonary functiong

	Post-discharge adverse events: 30-day readmission; incidence of chest wall neuralgia

	Other: hospital charges


Follow-up: 30 days
Subgroup analysis: opioid-naive patients

	Bauman et al. (2021)23
US
Funding source: NR
	Multicentre, retrospective cohort
Eight-year period
	Participants: 136 participants ≥ 18 years undergoing SSRF during the index hospitalization over an 8-year period. Of these, 44 (32.4%) received cryoneurolysis.
Diagnosis: blunt trauma
Comorbiditiesa: NR
Age, meana (SD): 58.9 (13.6) vs. 56.8 (15.7)
Sex or gendera:
	65.9% vs. 73.9% male

	other sexes or genders NR


Other PROGRESS-Plus criteriac: NR
Setting: Level II or higher designated trauma centres located in urban settings
	Mechanism of injurya: NR
Vitals on arrivala: NR
Injury characteristica:
	chest-AIS, median (IQR): 3 (3 to 3) vs. 3 (3 to 4)b

	ISS, median (IQR): 14 (9 to 18.75) vs. 16 (11.5 to 16)


Pain management during hospitalization: all patients were placed on MMPR (oral and IV narcotics as needed, scheduled acetaminophen and ibuprofen, scheduled gabapentin 300 mg 3 times daily, and as-needed muscle relaxants), and some form of regional anesthesia
	Number of ribs fixated, meana (± SD): 4.73 (1.66) vs. 4.78 (1.64)
Number of nerves cryoablated: NR
Cryoneurolysis conducted by: surgeons
Time of cryoneurolysis administration: during SSRF; specific timing NR
Time from admission to surgery: within 72 hours of injury, less than 14 days
	Intervention: cryoneurolysis
	Manufacturer: cryoICE® probe by AtriCure, Inc.


Comparator: No cryoneurolysis
	Outcomes:
	Pain intensity: NR

	Analgesic use: total narcotic consumption in MME after SSRF (during index hospitalization)

	Resource use: total HLOS; HLOS after SSRF (during index hospitalization)

	In-hospital complications: NR

	Post-discharge adverse events: NR

	Other: hospital charges (total; the day of surgery; and after surgery)


Follow-up: NR
Subgroup analysis: none

	Choi et al. (2021)24
US
Funding source: NR
	Single-centre retrospective cohort
September 1, 2019, to September 30, 2020
	Participants: 34 participants ≥ 18 years old undergoing SSRF. Of these, 22 (64.7%) received cryoneurolysis.
Diagnosis: acute rib fractures
Comorbidities: NR
Age, mediana (IQR): 55.0 (45.0 to 67.3) vs. 55.0 (37.0 to 60.8)
Sex or gendera:
	20% vs. 14% female

	other sexes or genders NR


Other PROGRESS-Plus criteriac: NR
Setting: Level I trauma centre
	Mechanism of injurya: NR
Vitals on arrivala: NR
	Injury characteristica: Number of rib fractures, median (IQR): 7.0 (5.0 to 7.0) vs. 8.0 (8.0 to 10.0)b

	Flail chest: 75% vs. 50%

	Rib fracture type, median (IQR):

	Undisplaced: 2.0 (0.0 to 4.0) vs. 3.5 (3.0 to 4.8)

	Offset: 0.0 (0.0 to 2.3) vs. 0.0 (0.0 to 4.0)

	Displaced: 4.0 (3.0 to 5.0) vs. 4.5 (2.0 to 5.0)

	Rib fracture location, median (IQR):

	Anterior: 0 (0.0 to 3.0) vs.1.5 (0.0 to 3.8)

	Lateral: 4.0 (0.0 to 5.0) vs. 2.5 (0.3 to 5.8)

	Posterior: 1.0 (0.0 to 5.0) vs. 2.0 (0.0 to 7.8)

	Rib fracture character, median (IQR): Simple: 4.0 (2.0 to 5.3) vs. 7.0 (4.5 to 8.0)b

	Complex: 3.5 (2.0 to 4.0) vs. 3.0 (0.0 to 5.0)

	Pneumothorax, n (%): 14 (70) vs. 9 (64) Hemothorax, n (%): 14 (70) vs. 9 (64)

	Pulmonary contusion, n (%): 15 (75) vs. 7 (50)


Pain management during hospitalization:
All patients without contraindications receive around-the-clock acetaminophen, celecoxib, and gabapentin throughout hospitalization
	Number of ribs fixated, mediana (IQR): 4 (3 to 5) vs. 4 (4 to 6)
Number of nerves cryoablated, median (IQR): 6 (6 to 7) vs. NA
Cryoneurolysis conducted by: single faculty with trainee surgeons
Time of cryoneurolysis administration: during SSRF; after rib fixation
Time from admission to surgery: NR
	Intervention:
cryoneurolysis
	Manufacturer: cryoSPHERE probe by AtriCure, Inc.


Comparator: No cryoneurolysis
	Outcomes:
	Pain intensity: change in NPSh specific to chest pain wall

	Analgesic use: change in opioid requirements (oral MME)h

	Resource use: HLOS; ICU admission; operation times

	In-hospital complications: intubation after surgery; pneumonia; tracheostomy

	Post-discharge adverse events: difficulty sleeping; functional limitations; chest wall paresthesia

	Other: mortality; disposition (home, long-term care hospital, skilled nursing facility, other)


Follow-up: 2-weeks, 6-months, and 1-year follow-up visits
	Median (range):160 (9 to 357) days for cryoneurolysis group vs. 193 (13 to 460) days for non- cryoneurolysis group


Subgroup analysis: none


AIS = abbreviated injury scale; BMI = body mass index; bpm = beats per minute; CAUTI = catheter-associated urinary tract infection; CLABSI = central line-associated bloodstream infection; COPD = chronic obstructive pulmonary disease; EIP = elastomeric infusion pump; GCS = Glasgow coma score; HLOS = hospital length of stay; ICU = intensive care unit; IQR = interquartile range; ISS = injury severity score; LOS = length of stay; MME = morphine milliequivalents; MMPR = multimodal pain regimen; NA = not applicable; NOS = not otherwise specified; NPS = numeric pain score; NR = not reported; SD = standard deviation; SSI = surgical site infection; SSRF = surgical stabilization of rib fractures; vs. = versus.
aIntervention group vs. comparator group, respectively.
bSignificant differences between groups (defined as P < 0.05).
cThe main PROGRESS-Plus criteria include place of residence, race, ethnicity, culture, language, occupation, gender, sex, religion, education, socioeconomic status, and social capital, personal characteristics associated with discrimination (e.g., age, disability), features of relationships, and time-dependent relationships.29
dMore than 22 breaths per minute.
eSystolic blood pressure less than 90 mm Hg.
fOpioid tolerance was defined as daily use within 2 weeks before presentation and duration of use more than 4 weeks, illicit drug use with positive urine or serum toxicology results.
gChange was recorded at baseline (24 hours before surgery) and on postoperative days 1 to 3.
hChange measured by generalized estimating equation comparing 12 hours before SSRF and the last 24 admission hours.
Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/RC1588.
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Table 3: Strengths and Limitations of Primary Clinical Studies Using the Downs and Black Checklist21
	Strengths
	Limitations

	Aryan et al. (2024)22

	Authors clearly described the objectives and hypotheses of the study, main outcomes, interventions, and main findings.
Standardized outcome definitions were provided.
Authors provided comprehensive reporting of patients’ injury profile, comorbidities, and in-hospital complications.
Appropriate statistical analyses for large observational data were reported.
For outcomes, the authors reported simple outcome data (n [%]), or measures of variability (IQRs, medians) for intervention and comparator groups, and actual P values.
A separate subgroup analysis of flail chest patients was reported.
Adverse events were reported.
The study was conducted using a large national database, which enhances generalizability.
The presented data reflected practice across diverse trauma centres (i.e., multiple sites).
Statistical adjustment improved comparability.
The author(s) received no financial support for the research, authorship, and/or publication of this article.
The authors declared that they had no potential conflicts of interest.
	The details on technique or timing of the intervention (cryoneurolysis) were not explained.
The details on the comparator (noncryoneurolysis) were not specified.
There was limited reporting of the characteristics of study participants (e.g., across PROGRESS-Plus criteria).29
The study was completed in highly specialized settings, limiting generalizability to lower-Level trauma care.
Retrospective registry data are prone to coding and misclassification errors.
Retrospective design with no blinding introduces risk of selection bias.
There was a lack of patient-centred outcomes (e.g., pain scores, opioid use).
There were unmeasured confounding factors (e.g., centre expertise, analgesia protocols).
It was not reported how participants were selected to receive the intervention (cryoneurolysis).
Small effect sizes may reach statistical significance because of large sample size.

	Marturano et al. (2023)26

	Authors clearly described the objectives and hypotheses of the study, main outcomes, participant eligibility criteria, intervention, comparator, and main findings.
A subgroup analysis excluding participants who were sedated with opioid infusion was reported.
Inclusion criteria were well defined.
Findings are likely applicable to similar trauma centres with SSRF capability.
Outcomes were generally objective.
Sample size may be insufficient for reporting uncommon complications.
The authors received no financial support for the research, authorship, and/or publication of this article.
The authors declared potential conflicts of interest. Two authors had affiliations with related medical device companies.
	There was limited reporting of the characteristics of study participants (e.g., across PROGRESS-Plus criteria).29
Some outcomes reported without full adjustment details.
Single trauma centre was included, limiting generalizability.
Appropriate presentation of participants at follow-up were not provided.
Retrospective registry data are prone to coding and misclassification errors.
Retrospective design with no blinding introduces risk of selection bias.
Pain intensity scores were subjective and susceptible to reporting bias.
Potential selection bias for intervention (surgeon discretion determined cryoneurolysis use) was present.
There was limited ability to control for factors such as COVID-19 complications, and evolving care pathways (e.g., change in culture regarding opioid use).
No power calculation was reported.

	Fernandez et al. (2022)25

	Authors clearly described the objectives and hypotheses of the study, main outcomes, participant eligibility criteria, interventions, and main findings.
Measures of variability and exact P values reported.
Appropriate statistical methods were described, including regression modelling and sensitivity analyses.
Appropriate presentation of participants at follow-up was provided.
Inclusion criteria were clearly defined.
Clinically relevant outcomes were used.
Baseline differences (e.g., chest-AIS distribution) were acknowledged and partially addressed via sensitivity analyses.
Outcomes were largely objective (MME, LOS, intubation, tracheostomy).
The authors received no financial support for the research, authorship, and/or publication of this article.
The authors declared that they had no potential conflicts of interest.
	The details on the comparator (noncryoneurolysis) were not specified.
There was limited reporting of the characteristics of study participants (e.g., across PROGRESS-Plus criteria).29
Results were most applicable to similar trauma centres with SSRF expertise.
Retrospective registry data are prone to coding and misclassification errors.
Retrospective design with no blinding introduces risk of selection bias.
Historical control groups introduce high risk of temporal bias.
Residual confounding is likely present (e.g., surgeon discretion determined cryoneurolysis use), limiting generalizability.
Pain intensity scores were subjective and susceptible to reporting bias.
No formal power calculation was reported.
Small sample size may limit ability to detect significant clinically meaningful differences.

	O'Connor et al. (2022)27

	Authors clearly described the objectives and hypotheses of the study, main outcomes, participant eligibility criteria, interventions, comparator, and main findings.
Effect sizes and confidence intervals were presented for key outcomes.
Appropriate presentation of participants at follow-up was presented.
The long-term outcomes of opioid-naive patients was reported separately.
Clinically relevant outcomes were used.
Opioid use and LOS are objective outcomes.
Clinically meaningful comparison was conducted against another active pain-control strategy.
The authors received no financial support for the research, authorship, and/or publication of this article.
The authors declared potential conflicts of interest. Three authors had affiliations with related medical device companies.
	There was limited reporting of the characteristics of study participants (e.g., across PROGRESS-Plus criteria).29
Single-centre study was included, limiting generalizability.
Specialized surgical and pain-management expertise may not reflect typical practice.
Comparator reflected local standards rather than universal care.
Retrospective registry data are prone to coding and misclassification errors.
Retrospective design with no blinding introduces risk of selection bias.
Pain intensity scores were subjective and susceptible to reporting bias.
Small sample size limited ability to control for confounders.
Differences in analgesic pathways beyond cryoneurolysis may exist.
Potential selection bias for Intervention (surgeon discretion determined cryoneurolysis use) was present.
The study was likely underpowered for complications and cost outcomes.
No power calculation was reported.
Two authors were paid educating faculty members for AtriCure (their cryoneurolysis probe was used in the study).

	Bauman et al. (2021)23

	Authors clearly described the objectives and hypotheses of the study, main outcomes, participant eligibility criteria, and main findings.
Participant characteristics, intervention details, and main outcomes (opioid use, LOS, hospital charges) were reported.
Measures of variability (IQRs, medians) reported for key outcomes.
Appropriate statistical tests were reported.
The study used a multi-institutional design, which improves generalizability.
Findings are likely applicable to similar trauma centres with SSRF capability.
Authors conducted appropriate statistical analyses.
Outcome measures were valid.
Opioid use measured objectively (MME), limiting measurement bias.
The authors declared that their potential conflicts of interest. Two authors had affiliations with related medical device companies.
	The details on the comparator (noncryoneurolysis) were not specified.
There was no reporting of key safety or complication outcomes.
There was limited reporting of the characteristics of study participants (e.g., across PROGRESS-Plus criteria).29
Retrospective registry data are prone to coding and misclassification errors.
Retrospective design with no blinding introduces risk of selection bias.
Groups may differ systematically (e.g., injury severity, institutional practices).
Limited adjustment was done for confounders related to analgesia protocols.
Choice of cryoneurolysis use likely influenced by surgeon preference and centre-level factors.
Power calculation was not reported.
Sources of funding were not disclosed.
One author is a paid educating faculty for AtriCure (their cryoneurolysis probe was used in the study).

	Choi et al. (2021)24

	Authors clearly described the objectives and hypotheses of the study, main outcomes, participant eligibility criteria, intervention, and main findings.
Careful description of surgical technique was provided.
Appropriate framing was provided as exploratory/pilot work.
The study provided appropriate presentation of participants at follow-up.
The study included longer-term follow-up for adverse effects.
Adequate inclusion criteria were used (e.g., patients tolerating single-lung ventilation).
Objective outcomes were reported.
Time-series analysis was appropriate for repeated measures.
The authors declared that they had no potential conflicts of interest.
	The details on the comparator (noncryoneurolysis) were not specified.
There was limited reporting of the characteristics of study participants (e.g., across PROGRESS-Plus criteria).29
The study was completed in a highly specialized setting (thoracoscopic IC, single institution), limiting generalizability.
Retrospective registry data are prone to coding and misclassification errors.
Retrospective design with no blinding introduces risk of selection bias.
Pain intensity scores were subjective and susceptible to reporting bias.
The study had small sample size and small comparison groups.
There were baseline injury differences between groups (e.g., pulmonary contusions, fracture complexity).
Limited adjustment was done for confounders due to small sample size.
The study was a pilot study.
No power calculation was conducted.
Sources of funding were not disclosed.


AIS = abbreviated injury scale; CI = confidence interval; IQR = interquartile range; LOS = length of stay; MME = morphine milliequivalents; SSRF = surgical stabilization of rib fractures.
Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/RC1588.
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Table 4: Summary of Findings by Outcome — Pain Intensity
	Author (year) and intervention
	With cryoneurolysis
	Without cryoneurolysis
	P value

	Postsurgery NPS, median (IQR)

	Marturano et al. (2023)26
Cryo vs. MMPR
	Score at discharge: 4.0 (1.0 to 5.0)
	2.0 (1.0 to 5.0)
	0.27

	Fernandez et al. (2022)25
Cryo vs. noncryo
	Daily score: 3.4 (2.7 to 4.2)
	3.0 (2.1 to 3.8)
	0.409

	Change in NPS, mean (SE)

	Choi et al. (2021)24,a
Cryo vs. noncryo
	−0.2 (1.5)
	Reference group
	0.91


Cryo = cryoneurolysis; IQR = interquartile range; MMPR = multimodal pain regimen; NPS = numeric pain score; SE = standard error; SSRF = surgical stabilization of rib fractures.
Note: Bold numbers are representing significant P values, defined as P < 0.05.
aChange measured by generalized estimating equation comparing 12 hours before SSRF and last 24 admission hours.
Table 5: Summary of Findings by Outcome — Association of Cryo vs. EIP and Patient-Reported NPS
	Author (year) and intervention
	Point estimate (SE)
	Estimated df
	t value
	95% CI
	P value

	O'Connor et al. (2022)27,a
Cryo vs. EIP
	−1.51 (0.61)
	73.14
	−2.47
	−2.722 to −0.290
	0.02


CI = confidence interval; Cryo = cryoneurolysis; df = degrees of freedom; EIP = elastomeric infusion pump; SE = standard error.
aA linear mixed-effects model was used to estimate the association of Cryo and EIP on patients’ outcomes while controlling for other covariates, including opioid tolerance, sex, age, number of ribs fractured, number of ribs fixed, rib injury severity score (ISS), trauma ISS, presence of flail segment, smoking status, and postoperative length of stay.
Table 6: Summary of Findings by Outcome — Analgesic Use
	Author (year) and intervention
	With cryoneurolysis
	Without cryoneurolysis
	P value

	Postsurgery opioid consumption in oral MME, median (IQR)

	Marturano et al. (2023)26
Cryo vs. MMPR
	Total use: 144.5 (55.5 to 301.5)
Daily use: 16.3 (8.0 to 36.7)
Discharge use: 135 (45 to 180)
	262.5 (129.5 to 464.5)
32.8 (15.2 to 57.6)
150 (45 to 225)
	0.001
0.01
0.22

	Fernandez et al. (2022)25
Cryo vs. noncryo
	Total use: 332 (209 to 528)
Daily use: 28.5 (19.8 to 41.1)
	1,148 (613 to 2,149)
62.2 (37.9 to 102.0)
	0.002
0.014

	Bauman et al. (2021)23
Cryo vs. noncryo
	Total use: 88.6 (33.5 to 125.5)
	113.7 (67.5 to 254.6)
	0.026

	Change in opioid consumption in oral MME (mg)

	Choi et al. (2021)24,a
Cryo vs. noncryo
	Mean (rSE): + 43.9 (86.1)
	Reference group
	0.61


Cryo = cryoneurolysis; EIP = elastomeric infusion pump; IQR = interquartile range; MME = morphine milliequivalents; MMPR = multimodal pain regimen; rSE = robust standard error; SSRF = surgical stabilization of rib fractures.
Note: Bold numbers are representing significant P values, defined as P < 0.05.
aChange measured by generalized estimating equation comparing 12 hours before SSRF and the last 24 admission hours.
Table 7: Summary of Findings by Outcome — Association of Cryo vs. EIP and Opioid Consumption in Oral MME (mg)
	Author (year) and intervention
	Point estimate (SE)
	Estimated df
	t value
	95% CI
	P value

	O'Connor et al. (2022)27,a
Cryo vs. EIP
	−1.37 (0.52)
	68.8
	−2.64
	−2.411 to −0.335
	0.01


CI = confidence interval; Cryo = cryoneurolysis; df = degrees of freedom; EIP = elastomeric infusion pump; MME = morphine milliequivalents; SE = standard error; vs. = versus.
aA linear mixed-effects model was used to estimate the association of Cryo and EIP on patients’ outcomes while controlling for other covariates, including opioid tolerance, sex, age, number of ribs fractured, number of ribs fixed, rib injury severity score (ISS), trauma ISS, presence of flail segment, smoking status, and postoperative length of stay.
Table 8: Summary of Findings by Outcome — Resource Use
	Author (year) and intervention
	With cryoneurolysis
	Without cryoneurolysis
	P value

	Total hospital LOS (days), median (IQR) or 95%CI

	Aryan et al. (2024)22
Cryo vs. noncryo
	12 (8 to 18)
	12 (9 to 19)
	0.10

	Marturano et al. (2023)26
Cryo vs. MMPR
	9.0 (6.0 to 14.0)
	11.0 (8.0 to 18.0)
	0.02

	Fernandez et al. (2022)25
Cryo vs. noncryo
	10 (95% CI, 8 to 11)
	12 (95% CI, 7 to 24)
	0.072

	O'Connor et al. (2022)27
Cryo vs. EIP
	9 (7 to 10)
	11 (9 to 15.5)
	0.09

	Bauman et al. (2021)23
Cryo vs. noncryo
	9 (7 to 11)
	10 (8 to 13)
	0.018

	Choi et al. (2021)24
Cryo vs. noncryo
	6.0 (4.8 to 11.0)
	7.5 (5 to 15.8)
	0.19

	Postoperative LOS (days), median (IQR)

	O'Connor et al. (2022)27
Cryo vs. EIP
	4 (4 to 5)
	6 (5 to 9.5)
	0.04

	Bauman et al. (2021)23
Cryo vs. noncryo
	4 (2 to 5.75)
	6 (4 to 8)
	 < 0.001

	Choi et al. (2021)24
Cryo vs. noncryo
	4 (3 to 8)
	4 (3 to 5)
	0.84

	ICU admission or ICU LOS (days)

	Aryan et al. (2024)22
Cryo vs. noncryo
	Median (IQR): 6 (4 to 11)
	7 (4 to 13)
	 < 0.001

	Marturano et al. (2023)26
Cryo vs. MMPR
	Median (IQR): 2 (0 to 4)
	4 (2 to 8)
	0.001

	Fernandez et al. (2022)25
Cryo vs. noncryo
	Median (95% CI): 8 (6 to 9)
	9 (6 to 22)
	0.027

	Choi et al. (2021)24
Cryo vs. noncryo
	n (%): 16 (80)
	12 (86)
	0.99

	Operative times (minutes), median (IQR)

	Choi et al. (2021)24
Cryo vs. noncryo
	148.5 (122.5 to 180.5)
	131.5 (124.5 to 138.8)
	0.26

	Duration of mechanical ventilation, median (IQR)

	Aryan et al. (2024)22
Cryo vs. noncryo
	Days, 6 (3 to 13)
	7 (3 to 13)
	0.23

	Marturano et al. (2023)26
Cryo vs. MMPR
	Days, 0.0 (0.0 to 0.0)
	0.0 (0.0 to 3.0)
	0.002

	Fernandez et al. (2022)25
Cryo vs. noncryo
	Hours, 8 (3 to 13)
	10 (2 to 18)
	0.687


CI = confidence interval; Cryo = cryoneurolysis; EIP = elastomeric infusion pump; ICU = intensive care unit; IQR = interquartile range; LOS = length of stay; MMPR = multimodal pain regimen; noncryo = no cryoneurolysis.
Note: Bold numbers are representing significant P values, defined as P < 0.05.
Table 9: Summary of Findings by Outcome — In-Hospital Complications
	Author (year) and intervention
	With cryoneurolysis
	Without cryoneurolysis
	P value

	Overall in-hospital complications, n (%)

	Aryan et al. (2024)22
Cryo vs. noncryo
	153 (20.4)
	3670 (24.4)
	0.01

	Marturano et al. (2023)26
Cryo vs. MMPR
	10 (19.6)
	38 (20)
	1.0

	Incidence of pneumonia

	Aryan et al. (2024)22
Cryo vs. noncryo
	n (%): 16 (2.1%)
	572 (3.8%)
	0.02

	Fernandez et al. (2022)25
Cryo vs. noncryo
	% (95% CI): 15.9 (8.0 to 31.8)
	33.3 (18.7 to 59.3)
	0.106

	Choi et al. (2021)24
Cryo vs. noncryo
	n (%): (0)0
	2 (14)
	0.16

	Tracheostomy rates

	Marturano et al. (2023)26
Cryo vs. MMPR
	n (%): 3 (5.9)
	7 (3.7)
	0.88

	Fernandez et al. (2022)25
Cryo vs. noncryo
	% (95% CI): 4.6 (1.1 to 18.1)
	25.0 (12.3 to 50.6)
	0.032

	Choi et al. (2021)24
Cryo vs. noncryo
	n (%): 1 (5)
	1 (7)
	0.99

	Return to operation room, n (%)

	Aryan et al. (2024)22
Cryo vs. noncryo
	21 (2.8)
	465 (3.1)
	0.66

	Marturano et al. (2023)26
Cryo vs. MMPR
	2 (3.9)
	14 (7.4)
	1.0

	Pulmonary complications, n (%)

	Aryan et al. (2024)22
Cryo vs. noncryo
	5 (0.7)
	263 (1.8)
	0.02

	Marturano et al. (2023)26
Cryo vs. MMPR
	38 (20.0)
	10 (19.6)
	0.693

	Intubated after surgery, n (%)

	Aryan et al. (2024)22
Cryo vs. noncryo
	47 (6.3)
	1151 (7.3)
	0.15

	Marturano et al. (2023)26
Cryo vs. MMPR
	9 (17.7)
	74 (39.0)
	0.01

	Fernandez et al. (2022)25
Cryo vs. noncryo
	(NR) 22.7
	(NR) 62.5
	0.002

	Choi et al. (2021)24
Cryo vs. noncryo
	4 (20)
	4 (29)
	0.69

	Unplanned reintubation, n (%)

	Marturano et al. (2023)26
Cryo vs. MMPR
	5 (9.8)
	5 (2.6)
	0.08

	Hardware removal, n (%)

	Marturano et al. (2023)26
Cryo vs. MMPR
	0 (0.0)
	7 (3.7)
	0.70

	Chest tube reinsertion, n (%)

	Marturano et al. (2023)26
Cryo vs. MMPR
	2 (3.9)
	14 (7.4)
	1.0

	COVID+ [as reported by the study authors], n (%)

	Marturano et al. (2023)26
Cryo vs. MMPR
	2 (3.9)
	0 (0.0)
	0.08

	Postoperative nerve block, n (%)

	Marturano et al. (2023)26
Cryo vs. MMPR
	2 (3.9)
	3 (1.6)
	0.58

	Cerebrovascular accident, n (%)

	Aryan et al. (2024)22
Cryo vs. noncryo
	12 (1.6)
	123 (0.8)
	0.02

	Extremity compartment syndrome, n (%)

	Aryan et al. (2024)22
Cryo vs. noncryo
	2 (0.3)
	9 (0.1)
	0.04

	Delirium, n (%)

	Aryan et al. (2024)22
Cryo vs. noncryo
	21 (5.5)
	204 (5.5)
	1.0

	Acute respiratory distress syndrome, n (%)

	Aryan et al. (2024)22
Cryo vs. noncryo
	9 (1.2)
	282 (1.9)
	0.18

	Myocardial infarction, n (%)

	Aryan et al. (2024)22
Cryo vs. noncryo
	6 (0.8)
	61 (0.4)
	0.11

	Cardiac arrest, n (%)

	Aryan et al. (2024)22
Cryo vs. noncryo
	13 (1.7)
	311 (2.1)
	0.52

	Acute kidney injury, n (%)

	Aryan et al. (2024)22
Cryo vs. noncryo
	23 (3.1)
	363 (2.4)
	0.27

	Deep vein thrombosis, n (%)

	Aryan et al. (2024)22
Cryo vs. noncryo
	22 (2.9)
	512 (3.4)
	0.47

	Sepsis, n (%)

	Aryan et al. (2024)22
Cryo vs. noncryo
	10 (1.3)
	235 (1.6)
	0.61

	Superficial SSI, n (%)

	Aryan et al. (2024)22
Cryo vs. noncryo
	1 (0.1)
	79 (0.5)
	0.14

	Deep SSI, n (%)

	Aryan et al. (2024)22
Cryo vs. noncryo
	2 (0.3)
	71 (0.5)
	0.41

	Organ space SSI, n (%)

	Aryan et al. (2024)22
Cryo vs. noncryo
	3 (0.4)
	50 (0.3)
	0.76

	CLABSI, n (%)

	Aryan et al. (2024)22
Cryo vs. noncryo
	0 (0)
	32 (0.2)
	0.21

	CAUTI, n (%)

	Aryan et al. (2024)22
Cryo vs. noncryo
	3 (0.4)
	116 (0.8)
	0.25


CAUTI = catheter-associated urinary tract infection; CLABSI = central line-associated bloodstream infection; Cryo = cryoneurolysis; IQR = interquartile range; MMPR = multimodal pain regimen; noncryo = no cryoneurolysis; NR = not reported; SSI = surgical site infection; vs. = versus.
Note: Bold numbers are representing significant P values, defined as P < 0.05.
Table 10: Summary of Findings by Outcome — Association of Cryo vs. EIP With In-Hospital Complications Related to Pulmonary Functiona
	Author (year) and intervention
	Point estimate (SE)
	Estimated df
	t value
	95% CI
	P value

	O'Connor et al. (2022)27,b
Cryo vs. EIP
	−48.84 (131.84)
	58.42
	−0.37
	−312.74 to 215.01
	0.71


CI = confidence interval; Cryo = cryoneurolysis; df = degrees of freedom; EIP = elastomeric infusion pump; SE = standard error; vs. = versus.
aPulmonary function is reflected by incentive spirometry (IS) effort in mL.
bA linear mixed-effects model was used to estimate the association of Cryo and EIP on patients’ outcomes while controlling for other covariates, including opioid tolerance, sex, age, number of ribs fractured, number of ribs fixed, rib injury severity score (ISS), trauma ISS, presence of flail segment, smoking status, and postoperative length of stay.
Table 11: Summary of Findings by Outcome — Postdischarge Adverse Events
	Author (year), intervention, duration of follow-up
	With cryoneurolysis
	Without cryoneurolysis
	P value

	Pain medications, n (%)

	Fernandez et al. (2022)25
Cryo vs. noncryo
	
	
	

	   0 to 3 months
	Opioids use: 12 (31.6)
	13 (61.9)
	NR

	   3 to 6 months
	Opioids use: 1 (25)
	3 (50)
	NR

	Choi et al. (2021)24
Cryo vs. noncryo
	
	
	

	   2 weeks
	Opioids use: 3 (27)
	0 (0)
	0.51

	   2 weeks
	Other pain medications: 4 (36)
	3 (60)
	0.60

	Minor medical complications,a n (%)

	Fernandez et al. (2022)25
Cryo vs. noncryo
	
	
	

	   0 to 3 months
	5 (13.2)
	7 (33.3)
	NR

	   3 to 6 months
	1 (25)
	1 (16.7)
	NR

	Functional limitations, n (%)

	Fernandez et al. (2022)25
Cryo vs. noncryo
	
	
	

	   0 to 3 monthsb
	1 (2.6)
	2 (9.5)
	NR

	   3 to 6 monthsc
	0 (0)
	1 (16.7)
	NR

	Choi et al. (2021)24
Cryo vs. noncryo
	
	
	

	   2 weeks
	0
	0
	NA

	30-day readmission, n (%)

	Marturano et al. (2023)26
Cryo vs. MMPR
	3 (5.9)
	7 (3.7)
	0.88

	O'Connor et al. (2022)27
Cryo vs. EIP
	1 (7)
	1 (8)
	> 0.99

	Chest wall neuralgia or paresthesia, n (%)

	Fernandez et al. (2022)25
Cryo vs. noncryo
	
	
	

	   0 to 3 months
	4 (10.5)
	6 (28.6)
	NR

	   3 to 6 months
	0 (0)
	3 (50)
	NR

	O'Connor et al. (2022)27
Cryo vs. EIP
	
	
	

	   1 year
	0 (0)
	2 (17)
	0.11

	Choi et al. (2021)24
Cryo vs. noncryo
	
	
	

	   6 months
	1 (6)
	0
	NR

	Difficulty sleeping due to chest wall pain, n (%)

	Choi et al. (2021)24
Cryo vs. noncryo
	
	
	

	   1 month
	0
	1
	NR


Cryo = cryoneurolysis; EIP = elastomeric infusion pump; MMPR = multimodal pain regimen; NA = not applicable; noncryo = no cryoneurolysis; NR = not reported; vs. = versus.
Note: Bold numbers are representing significant P values, defined as P < 0.05.
aMinor medical complications included incisional infection, delayed wound healing, small pleural effusion, residual pneumothorax, and seroma formation.
bShort-term (0 to 3 months) functional limitations included vocal cord paralysis, scapular winging, and scapular or clavicular pain.
cLong-term (3 to 6 months) functional limitations included hardware infection (n = 1), neuropathic pain (n = 3), and functional limitations associated with winging scapula.
Table 12: Summary of Findings by Outcome — Other
	Author (year) and Intervention
	With cryoneurolysis
	Without cryoneurolysis
	P value

	Discharge disposition

	Fernandez et al. (2022)25
Cryo vs. noncryo
	% (95% CI)

	Home: 81.8 (71.0 to 94.3)
	54.2 (37.2 to 78.8)
	0.044

	Choi et al. (2021)24
Cryo vs. noncryo
	n (%)

	Home: 13 (65)
	9 (64)
	0.80

	Long-term care hospital 3: (15)
	2 (14)
	NR

	Skilled nursing facility: 30 (15)
	2 (14)
	NR

	Other: 0 (0)
	1 (7)
	NR

	Mortality rate, n (%)

	Aryan et al. (2024)22
Cryo vs. noncryo
	18 (2.4)
	359 (2.4)
	0.98

	Marturano et al. (2023)26
Cryo vs. MMPR
	1 (2.0)
	5 (2.6)
	1.0

	Fernandez et al. (2022)25
Cryo vs. noncryo
	1 (NR)
	0 (0)
	1.000

	Choi et al. (2021)24
Cryo vs. noncryo
	1 (5)
	0 (0)
	0.99

	Hospital charges

	O'Connor et al. (2022)27
Cryo vs. EIP
	Mean (SD)

	$90,224 (34,633)
	$131,498 (73,072)
	0.07

	Bauman et al. (2021)23
Cryo vs. noncryo
	Median (IQR)

	Postoperative: $10,556 (4,481 to 23,026)
	$20,269 (10,445 to 43,430)
	0.001

	Total: $153,908 (118,820 to 213,823)
	$143,196 (109,183 to 212,318)
	0.734

	The day of surgery: $93,932 (79,384 to 114,292)
	$71,143 (52,401 to $86,611)
	< 0.001


Cryo = cryoneurolysis; EIP = elastomeric infusion pump; IQR = interquartile range; MMPR = multimodal pain regimen; noncryo = no cryoneurolysis; NR = not reported; SD = standard deviation; vs. = versus.
Note: Bold numbers are representing significant P values, defined as P < 0.05.
Table 13: Summary of Findings — Subgroup Analysis
	Outcomes
	With cryoneurolysis
	Without cryoneurolysis
	P value

	Aryan et al. (2024):22 Cryo vs. noncryo — Analysis for patients with flail chest

	ICU LOSa (days), median (IQR)
	7 (NR)
	8 (NR)
	0.02

	Marturano et al. (2023):26 Cryo vs. MMPR — Analysis excluding patients sedated with opioid infusions

	Average daily MME, median (IQR)
	26.5 (12.2 to 44.4)
	33.0 (15.9 to 59.2)
	Univariate: 0.081
Multivariableb: 0.260

	Total MME, median (IQR)
	132.3 (48 to 275.3)
	226.0 (109 to 362)
	Univariate: 0.038
Multivariableb: 0.016

	Discharge MME, median (IQR)
	150.0 (90.0 to 210.0)
	150.0 (90 to 225)
	Univariate: 0.367
Multivariableb: 0.575

	Discharge NPS, median (IQR)
	4.0 (1.0 to 5.0)
	2.0 (1.0 to 5.0)
	Univariate: 0.547
Multivariableb: 0.427

	Hospital LOS (days), median (IQR)
	7.0 (6.0 to 10.0)
	9.0 (7.0 to 13.0)
	Univariate: 0.020
Multivariableb: 0.005

	ICU admission (days), median (IQR)
	0.0 (0.0 to 3.0)
	3.0 (0.0 to 5.0)
	Univariate: 0.004
Multivariableb: 0.002

	Ventilator duration (days), median (IQR)
	0.0 (0.0 to 0.0)
	0.0 (0.0 to 0.0)
	Univariate: 0.093
Multivariableb: 0.181

	Pulmonary complications, n (%)
	4 (9.8%)
	17 (13.7%)
	Univariate: 0.700
Multivariablec: 0.449

	O'Connor et al. (2022):27 Cryo vs. EIP — Analysis for patients who were opioid-naive

	Discharge opioid prescription (mg), median (IQR)
	41.25 (37.5 to 45)
	175 (150 to 200)
	0.03

	No discharge opioid prescription, n (%)
	3 (38)
	1 (13)
	0.56

	Opioid prescription refill 30 days after discharge, n (%)
	1 (13)
	1 (13)
	> 0.99

	Patients on opioids 1-year after surgery, n (%)
	0
	1 (13)
	> 0.99


Cryo = cryoneurolysis; EIP = elastomeric infusion pump; ICU = intensive care unit; IQR = interquartile range; LOS = length of stay; MME = morphine milliequivalents; MMPR = multimodal pain regimen; noncryo = no cryoneurolysis; NPS = numeric pain score; NR = not reported; SD = standard deviation; vs. = versus.
Note: Bold numbers are representing significant P values, defined as P < 0.05.
aOnly this outcome was reported from the subgroup analysis on patients with flail chest.
bAnalyses were adjusted for age, underlying lung disease, number ribs broken, injury severity score, and preoperative peripheral nerve block.
cAnalysis was adjusted for age.
Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/RC1588.
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