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ARTICLE INFO ABSTRACT

Keywords: Background: Despite advances in pain management, postoperative pain continues to be an important problem
Cryoanalgesia with significant burden. Many current therapies have dose-limiting adverse effects and are limited by their short
Pain

duration of action. This review examines the evidence for the efficacy and safety of cryoanalgesia in post-
operative pain.

Materials and methods: This review was registered in PROSPERO and prepared in accordance with PRISMA.
MEDLINE, EMBASE, and Cochrane databases were searched until July 2020. We included randomized controlled
trials (RCTs) of adults evaluating perioperatively administered cryoanalgesia for postoperative pain relief.
Results: Twenty-four RCTS were included. Twenty studies examined cryoanalgesia for thoracotomy, two for
herniorrhaphy, one for nephrectomy and one for tonsillectomy. Meta-analysis was performed for thoracic
studies. We found that cryoanalgesia with opioids was more efficacious than opioid analgesia alone for acute
pain (mean difference [MD] 2.32 units, 95 % confidence interval [CI] —3.35 to —1.30) and persistent pain (MD
0.81 units, 95 % CI -1.10 to —0.53) after thoracotomy. Cryoanalgesia with opioids also resulted in less post-
operative nausea compared to opioid analgesia alone (relative risk [RR] 0.23, 95 % CI 0.06 to 0.95), but there
was no difference in atelectasis (RR 0.38, 95 % CI 0.07 to 2.17).

Conclusion: Heterogeneity in comparators and outcomes were important limitations. In general, reporting of
adverse events was incomplete and inconsistent. Many studies were over two decades old, and most were limited
in how they described their methodology. Considering the potential, larger RCTs should be performed to better
understand the role of cryoanalgesia in postoperative pain management.

Postoperative pain
Systematic review

1. Introduction

Pain is one of the most common and feared complications of surgery
[1]. Postoperative pain is both common and an important health prob-
lem affecting more than 80 % of post-surgical patients, with up to 75 %
describing their pain as moderate-to-severe [1,2]. Uncontrolled post-
operative pain can have detrimental effects on patients’ physical func-
tioning, and recovery, and can result in morbidity such as pulmonary
infections, atelectasis, myocardial ischemia, and cardiac failure [3,4].
Despite increased awareness and advances in pain management strate-
gies, poorly controlled postoperative pain continues to be an unresolved
issue.

Available treatments for postoperative pain relief are limited by
varying efficacy and dose-limiting adverse effects, leaving a significant

unmet need for patients [5]. Opioids continue to be the mainstay of
postoperative pain management despite their well-known side effects
and risks of abuse, misuse, and addiction [5]. Known regional anesthetic
techniques have been shown to be an effective part of multimodal
analgesia for many surgical procedures but are unfortunately limited by
their short duration of action [6]. Additionally, continuous peripheral
nerve blocks are limited by their infection risk, catheter dislocation, and
pump malfunction [7].

A promising alternative postoperative pain treatment option is cry-
oanalgesia. Treatment with cryoanalgesia involves cooling specific
nerves to reversibly inhibit peripheral nerve function, with subsequent
pain relief potentially lasting weeks to months [8]. This typically in-
volves the use of a needle or cryoprobe at very low temperatures for
contact cooling of a selected peripheral nerve (Fig. 1) [9]. Application
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Fig. 1. Cryoprobe cooling a selected peripheral nerve.

temperatures vary but must achieve at least —20°C and must not exceed
—100°C to be effective and safe [10]. If a nerve is successfully cooled to a
temperature in this range, the duration of analgesia is dependent pri-
marily on the length of the lesion [10]. As with temperature, there is
variation in the literature with regard to the preferred number and
timing of freeze-thaw cycles. Relative contraindications to cryoanalgesia
include diabetes mellitus, cold urticaria, cryoglobulinemia, and Ray-
naud’s disease [10-14].

Cryoanalgesia has been frequently used to treat a variety of chronic
pain conditions using ultrasound-guided cryoprobe insertion [14].
However, as an opioid-sparing therapy with a prolonged duration of
action, cryoanalgesia may offer another potential option for post-
operative pain management [15]. Thus, we conducted a systematic re-
view and meta-analysis to assess current evidence of efficacy and safety
of cryoanalgesia for the management of postoperative pain.

2. Methods

We established a protocol prior to the review process that included
the review question, search strategy, study selection and analysis. The
review protocol was registered in the International Prospective Register
of Systematic Reviews (PROSPERO) database (registration number
CRD42020195702) and prepared in accordance with recommendations
specified in the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [16] and AMSTAR (Assessing the
methodological quality of systematic reviews) Guidelines. The
completed PRISMA and AMSTAR checklist is provided in Appendix A.

2.1. Data sources

We searched MEDLINE, EMBASE and Cochrane databases from their
inception until July 2020. The search strategy included terms related to
cryoanalgesia, postoperative pain, and surgery, and excluded studies
that were not published in English, as we did not have the capability to
translate studies from all non-English publications. As an example, the
search strategy for MEDLINE is shown in Appendix B. Bibliographies of
relevant reviews and selected studies were also examined to identify
additional published or unpublished data.

2.2. Study selection

Two reviewers (R.P. and M.C.) independently and in duplicate
evaluated studies for eligibility. Screening was performed on titles and
abstracts using Covidence software (www.covidence.org). We excluded
studies that clearly did not satisfy the inclusion criteria, and full-text
screening was performed on citations thought to be potentially
eligible. Disagreements between the reviewers were resolved by
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discussion and consensus. If necessary, a third reviewer (H.S.) was
consulted.

2.2.1. Studies

We included randomized controlled trials (RCTs) that evaluated the
use of cryoanalgesia for postoperative pain. RCTs form level 1 evidence
and with an intervention such as cryoanalgesia, there is a higher po-
tential for performance and observer bias, so we did not consider
including observational studies. Studies investigating any type of sur-
gical procedure were eligible for inclusion in this review.

2.2.2. Participants
We included studies with adults (aged 18 years and over) undergoing
any type of surgery.

2.2.3. Interventions

We included studies that administered cryoanalgesia during the
perioperative period for the management of postoperative pain. We
excluded interventions labelled as ‘cryoanalgesia’ that did not use a
cryoprobe.

2.3. Data extraction

Data from selected studies were extracted in duplicate in using
standardized extraction forms after checking for consistency between
two reviewers (R.P. and M.C.). The forms captured information
regarding the type of surgeries the participants underwent, details of
cryoanalgesia therapy, participant characteristics, risk of bias domains
as per Cochrane risk of bias instrument, and our primary and secondary
outcome measures.

2.4. Outcomes

2.4.1. Primary outcomes

Our primary outcome was postoperative pain relief in terms of either
1) pain intensity, or 2) the use of postoperative opioids and rescue an-
algesics. Pain intensity and use of postoperative opioids and rescue an-
algesics were extracted for all time points.

2.4.2. Secondary outcomes

Secondary outcomes included duration of cryoanalgesia blockade
and participants experiencing any adverse event (e.g., opioid-related
side effects, postoperative nausea and vomiting, nerve injury, etc.).
We also extracted information on whether pain was measured at rest,
with movement, or if it was not specified.

2.5. Data analyses

Extracted data were compiled in Microsoft Excel for analysis. Data
were pooled if there were two or more studies contributing to an
outcome domain. For pooling, we considered the most common dura-
tion of follow-up period for acute pain (7 days or less) and persistent
pain (1 month and longer). Continuous scores used to express pain relief
were converted to 0-10 numerical rating scores, as it is commonly used
and easy to interpret [17]. Analysis was performed using Review Man-
ager (RevMan) [Computer Program], Version 5.3, Copenhagen: The
Nordic Cochrane Centre, the Cochrane Collaboration, 2014. If we did
not observe much study variance based on study population, in-
terventions, and comparators, a fixed effects model was considered for
pooling. Otherwise, we utilized a random effects model for pooling. We
calculated the risk ratio for dichotomous outcomes and mean difference
(MD) or standardized MD for continuous outcomes, as appropriate,
along with the associated 95 % confidence intervals (CI). To capture
outcomes for which there was a paucity of data or it was inappropriate to
combine studies, a narrative synthesis approach in the form of a table
was utilized. The findings were organized based on surgical procedure
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and intervention/comparator(s). We assessed statistical heterogeneity
using the I? statistic.

2.6. Risk of bias assessment

Risk of bias for included RCTs was assessed using criteria outlined in
the Cochrane Handbook for Systematic Review of Interventions [18].
We assessed the following for each study: 1) random sequence genera-
tion for possible selection bias; 2) allocation concealment for possible
selection bias; 3) blinding of participants and personnel for possible
performance bias; 4) blinding of outcome assessment for possible
detection bias; 5) incomplete outcome data for possible attrition bias;
and 6) selective reporting for possible reporting bias.

3. Results

Our search yielded 128 citations and after removal of duplications 53
studies were considered for full-text review. After reading the full arti-
cles for these 53 studies, we excluded 29 studies (Appendix C). No
additional studies were identified in reference lists of included studies.
We show our selection process in Fig. 2. Twenty-four RCTs fulfilled the
inclusion criteria and were included in qualitative synthesis. Four
studies were included in quantitative synthesis as they were compatible
across interventions, comparators, and outcome measures.

3.1. Study characteristics

The characteristics of included studies, including the study popula-
tion, intervention, and comparator, are reported in Table 1. Of the 24
trials, 20 were for thoracic surgeries, two for herniorrhaphy [19,20], one
for nephrectomy [21] and one for tonsillectomy [22]. Interventions
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included cryoanalgesia alone [23], cryoanalgesia with opioid analgesia
[19-22,24-40], or cryoanalgesia with epidural and opioid analgesia
[41,42]. These combinations are described for each study in Table 1.
Cryoanalgesia was administered intraoperatively in all studies. Com-
parators included epidural analgesia [33-36,40-42], intercostal nerve
blocks [37-39], opioid analgesia only [19-22,25-32], nonopioid anal-
gesia only [23], and non-divided intercostal muscle flap [24]. Only one
study reported using a sham cryoanalgesia treatment in the comparator
arm [19]. Fourteen studies did not report whether pain scores were at
rest or with movement [22-25,27,29-31,33-35,37,39,40]. Narcotic use
was reported predominantly in terms of analgesic consumption and
frequency of use.

3.2. Risk of bias within studies

The results of each individual risk of bias domain are presented as a
risk of bias graph in Fig. 3a, and a risk of bias summary in Fig. 3b.
Overall, many studies reported insufficient information to confidently
assess risk of bias across multiple domains, which may be a consequence
of the relatively older publication dates of many included studies.
Eighteen of the 24 studies were published during or before 2010, when
CONSORT guidelines were RCTs were first published. Thus, most studies
were judged to be at an unclear risk of bias for most domains. Of note,
with the exception of one study [19], no study reported whether they
used a sham treatment in the comparator arm, or if the personnel
administering the cryoprobe and participants were blinded. Therefore,
all of these studies were judged to be at a high risk of bias for blinding of
participants and personnel.

Y
=
.g MEDLINE (n = 98) Additional records identified
3 EMBASE (n = 85) through other sources
Zg Cochrane (n = 55) (n=0)
7}
=
v v
p— Records after duplicates removed
(n=128)
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=
&
g A
2 Records screened " Records excluded
(n=128) (n=75)
Y
Full-text articles assessed 29 full-text articles excluded
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5 (n=53) {11) Wrong study design
Eﬁ (8) Conference abstract
Lt (4) Pediatric population
b {3) No pain-related outcome
—/ Studies included in (2)Ng c.ryopro-be
qualitative synthesis {1} Not in English
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Fig. 2. Study flow diagram.
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Table 1

Characteristics of included studies.
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Author, Year Population Procedure Cryoanalgesia Intervention Comparator Trial Size (Cryoanalgesia,
Application Location Concurrent Analgesia Comparator)

Brichon [33], Parenchymal disease Thoracotomy 5 IC nerves OA, NOA TE, OA, NOA 41, 33
1994

Ju [36], 2008 Lung or esophageal disease =~ Thoracotomy 3 IC nerves OA TE, OA 53, 54

Yang [41], 2004 Malignant disease Thoracotomy 3 IC nerves TE, OA, NOA TE, OA, NOA 45, 45

Mustola [42], Infection or tumor Thoracotomy 3 IC nerves TE, OA, NOA TE, OA, NOA 21,21
2011

Momenzadeh Unspecified Thoracotomy 3 IC nerves OA OA 30, 30
[25], 2011

Ma [29], 2009 Unspecified Thoracotomy 4 1IC nerves OA OA 60, 60

Katz [37], 1980 Unspecified Thoracotomy Cryoanalgesia used at OA INB, OA 15,9

5-6 IC nerves

Keenan [32],1983  Unspecified Thoracotomy 6 IC nerves OA (Group 2) OA (Group 4) 15,15

Muller [30], 1989 Unspecified Thoracotomy 4 IC nerves OA, NOA OA, NOA 30, 33

Miguel [35], 1993 Malignant disease Thoracotomy 3 IC nerves OA (Group 1) OA (Group 4) 14,11

LE (Group 1)

Moorjani [27], Unspecified Thoracotomy 4 1IC nerves OA OA 100, 100
2001

Joucken [38], Lung cancer Thoracotomy IC nerves OA INB, OA 15,15
1987 (Group 2)

Ba [23], 2014 Lung cancer Thoracotomy 4 1C nerves None NOA 87,91

Pastor [31], 1996 Varied Thoracotomy 6 IC nerves OA, NOA OA, NOA 55, 45

Roberts [39], Unspecified Thoracotomy 8 IC nerves OA INB, OA 71,73
1988

Roxburgh [34], Unspecified Thoracotomy 5-6 IC nerves LE, OA, NOA LE, OA, NOA 23, 30
1987

Gwak [26], 2004 Lung cancer Thoracotomy 3 IC nerves OA OA 25, 25

Sepsas [28], 2013 Lung cancer Thoracotomy 4 1C nerves OA, NOA OA, NOA 25, 25

Lu [24], 2013 Esophageal disease Esophagectomy or 6 IC nerves OA, NOA NDIMF, OA, 94, 92

thoracotomy NOA

Callesen [19], 48 male patients with Herniorrhaphy Ilioinguinal and OA, NOA OA, NOA 24, 24
1998 inguinal hernia iliohypogastric nerves

Khiroya [20], Inguinal hernia Herniorrhaphy Ilioinguinal nerve OA, NOA OA, NOA 36 total
1986

Ahmadnia [21], Kidney donors Nephrectomy 11th IC nerve OA OA 15, 15
2010

Robinson [22], Adults and children with Tonsillectomy Tonsillar fossa after OA, NOA OA, NOA 29, 28
2000 recurrent tonsilitis tonsillectomy

Graves [40], 2019 Adults and children with Nuss Procedure 5 IC nerves OA, NOA TE, OA, NOA 10, 10

pectus exacavatum

IC: Intercostal; OA: Opioid analgesia; NOA: Non-opioid analgesia; TE: Thoracic epidural; INB: Intercostal nerve block; LE: Lumbar Epidural; NDIMF: Non-divided

intercostal muscle flap.

3.3. Primary outcome — qualitative synthesis

The main results of pain outcomes from included studies are sum-
marized in Table 2. Thirteen [22,23,25,27-29,31,32,37-41] of the 24
included studies predominantly favored cryoanalgesia with regard to
our primary outcome of postoperative pain relief in terms of post-
operative pain intensity and opioid use. Among studies with mixed
adults and children, Robinson and Purdie (2000) [22] found that acute
pain scores were significantly lower in the cryoanalgesia group
compared with the opioid analgesia group for participants who under-
went tonsillectomy. Graves et al. [40] showed no difference in acute and
chronic pain scores between thoracic epidural and cryoanalgesia when
used during the Nuss procedure, but showed a significant reduction in
oral opioid requirements among the cryoanalgesia group. Both her-
niorrhaphy studies [19,20] and one nephrectomy study [21] showed no
significant difference in the primary outcomes of this review. Results of
cryoanalgesia when compared to different combinations of comparators
are summarized below.

3.3.1. Cryoanalgesia versus intercostal nerve block

All three thoracotomy studies comparing cryoanalgesia to the
intercostal nerve block showed a significant reduction in opioid use
among the cryoanalgesia group when compared to intercostal nerve
block [37-39].

3.3.2. Cryoanalgesia (with or without opioid analgesia) versus opioid
analgesia

Six of eight thoracotomy studies comparing cryoanalgesia (with or
without opioid analgesia) to opioid analgesia favored the cryoanalgesia
group in terms of postoperative pain intensity, opioid use, or both [25,
27-29,31,32]. These six studies [25,27-29,31,32] each demonstrated
lower acute pain scores in patients receiving cryoanalgesia compared to
those receiving opioid analgesia. Three of these studies [27-29] also
demonstrated lower in chronic pain scores in the cryoanalgesia group.
Five studies [25,27-29,31] all showed reduced opioid consumption
among the cryoanalgesia group. The remaining two thoracotomy studies
[26,30]1, which compared cryoanalgesia to opioid, found no significant
difference between treatments with respect to the primary outcomes.

3.3.3. Cryoanalgesia versus epidural

Four thoracotomy studies that evaluated the efficacy of cry-
oanalgesia of intercostal nerves versus epidural for postoperative pain
relief seemed to generally favor epidural [33-36]. Two studies [33,35]
showed significantly lower acute pain scores in the epidural group
compared to cryoanalgesia group, and another [36] found that fewer
participants reported chronic pain in the epidural group compared to the
cryoanalgesia group. The last study [34] showed no significant differ-
ence in primary outcomes between patients receiving cryoanalgesia
compared with epidural for thoracotomy.
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Fig. 3. Risk of bias. (a) Risk of bias graph: review authors’ judgement about each risk of bias item presented as percentages across all included studies; (b) Risk of bias
summary: review authors’ judgement about each risk of bias item for each included study.

3.3.4. Cryoanalgesia plus epidural versus epidural alone found significantly lower acute pain scores and opioid use in combina-
Two thoracotomy studies that evaluated the efficacy of cry- tion therapy compared to epidural alone; however, incidence and
oanalgesia combined with epidural versus epidural alone showed mixed severity of post-thoracotomy chronic pain was higher in the combina-

results [41,42]. Mustola 2011 [42] found significantly lower acute pain tion therapy group.
scores for epidural alone compared to combination therapy, and found
no difference in opioid requirements between groups. Yang 2004 [41]
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Table 2

Main results of pain outcomes from included trials of cryoanalgesia for postoperative pain.
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Author, year

Brichon [33],
1994
Ju [36], 2008

Yang [41], 2004

Mustola [42],
2011

Momenzadeh
[25], 2011

Ma [29], 2009

Katz [37], 1980

Keenan [32],
1983

Muller [30],
1989

Miguel [35],
1993

Moorjani [27],
2001

Joucken [38],
1987

Ba [23], 2014

Procedure

Thoracotomy

Thoracotomy

Thoracotomy

Thoracotomy

Thoracotomy

Thoracotomy

Thoracotomy

Thoracotomy

Thoracotomy

Thoracotomy

Thoracotomy

Thoracotomy

Thoracotomy

Comparator

TE, OA, NOA
(Group B)

TE, OA

TE, OA, NOA

TE, OA, NOA

OA

OA

INB, OA

OA (Group 4)

OA,/NOA

OA (Group 4)

OA

INB, OA
(Group 2)

NOA

Pain outcome measures

VAS
NRS, chronic pain
incidence

VAS, NRS, chronic pain
incidence

Frequency of morphine
consumption

VAS, VPS
Frequency of epidural
bolus; Oxycodone

requirements
VAS

Pethidine consumption

VAS

Pethidine consumption

NRS

Morphine consumption

VAS

Papaveretum
consumption

Non-standard pain scale
(0-4)

Methadone consumption
VAS, chronic pain
incidence

Morphine consumption
VAS

Pethidine consumption

Frequency of piritramide
consumption

VAS

Pain measured at
rest, with
movement, or not
specified?

Not specified

Rest and movement

Rest and movement

N/A

Rest and movement

N/A

Not specified

N/A

Not specified

N/A

Not specified

N/A

Rest and movement

N/A

Not specified

N/A
Not specified

N/A
Not specified

N/A

N/A

Not specified

Follow-up
time

Days 1-12

Days 1-3,
Months 1, 3,
6,12

Days 1-7,
Months 1, 3,
6

Days 1-7

Days 1-7,
Months 1, 2,
6

Days 1-3

Days 1-7

Days 1-7

Days 1, 3, 5,
9, Months
1-3,6
Days1,3,5,9

Days 1, 3,5

Day 1

Days 1, 2

Day 1

Days1-3,5,7

Days1-3,5,7
Days 1, 2, 5,
Month 12

Days 1, 2,5
Days 1-7, 10,
20, Month 1
Days 1-7

Hours 1-36

Days 1-3, 7
Months 1, 6

Pain outcomes (s)

Patients in the epidural group had better pain
relief than the cryoanalgesia group on POD 1
and 2.

No significant difference for acute pain. Fewer
patients in the epidural group reported
moderate or severe chronic pain on POM 6.
Patients who received cryoanalgesia with
epidural had less pain on movement than
epidural alone on POD 7. Incidence and severity
of post-thoracotomy chronic pain at POM3 was
worse at rest in the cryoanalgesia and epidural
group than in the epidural alone group.
Patients who received cryoanalgesia with
epidural used less analgesic than epidural alone
on POD 7.

Patients who received cryoanalgesia with
epidural had more pain at rest than epidural
alone at 12 h, POD 2, and POM 2.

No significant difference

Patients who received cryoanalgesia had
significantly less pain than the control group on
POD 1-7.

Mean pethidine consumption was significantly
higher in the control group than the
cryoanalgesia group on POD 1. Patients in the
control group used pethidine until POD 7,
whereas patients in the cryoanalgesia group
stopped on POD 4.

Compared with the control group, pain scores
in the cryoanalgesia group were significantly
lower at days 1, 3, 5, 9, and 30.

Patients in the cryoanalgesia use used
significantly less pethidine at all time points.
At all points in follow up, the cryoanalgesia
group had significantly less pain than the
comparator group.

Compared with cryoanalgesia, comparator
patients required significantly more morphine
on POD 1

Cryoanalgesia reduced pain significantly,
compared with comparator at rest and on
movement. Combining cryoanalgesia with
indomethacin appeared to have an additive
effect.

The combination of indomethacin and
cryoanalgesia significantly reduced the need for
opioid analgesia compared with comparator.
No significant difference.

No significant difference.

Patients receiving epidural morphine had
significantly lower pain scores than patients
receiving cryoanalgesia on POD 0. Patients
receiving cryoanalgesia had significantly less
incidence of post-thoracotomy pain syndrome
at POM 3.

No significant difference.

Patients receiving cryoanalgesia had
significantly less pain on POD 1-7.

Patients receiving cryoanalgesia used
significantly less pethidine on POD 1-6 than
patients receiving conventional analgesia.
Patients in the cryoanalgesia group used
significantly fewer narcotic injections
compared to control and intercostal block
groups.

(continued on next page)
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Table 2 (continued)
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Pastor [31], Thoracotomy OA, NOA Non-standard pain scale
1996 (0-5)
Frequency of
aminopyrine
consumption
Roberts [39], Thoracotomy INB, OA VAS (0-12)
1988
Pethidine consumption
Roxburgh [34], Thoracotomy LE, OA, NOA VPS
1987 OA/NOA consumption
Gwak [26], Thoracotomy OA VAS, chronic pain
2004 incidence
Fentanyl consumption
Sepsas [28], Thoracotomy OA, NOA VPS
2013
Morphine consumption;
OA/NOA frequency of
consumption
Lu [24], 2013 Esophagectomy NDMIF, OA, VAS
with thoracotomy NOA
Incidence of OA/NOA
consumption
Callesen [19], Herniorrhaphy OA, NOA Non-standard pain scale
1998 (0-3)
Acetaminophen
consumption
Khiroya [20], Herniorrhaphy OA, NOA VAS
1986
Pethidine consumption;
Distalgesic consumption
Ahmadnia [21],  Nephrectomy OA Morphine consumption
2010
Robinson [22], Tonsillectomy OA, NOA VAS
2000
OA/NOA consumption
Graves [40], Nuss Procedure TE, OA, NOA VAS

2019

OA consumption (oral
morphine equivalents)

Patients receiving cryoanalgesia had
significantly less pain than patients receiving
parecoxib on POD 1-3, 7 and POM 1.

Not specified Days 1-7 Patients receiving cryoanalgesia had
significantly less pain on POD 1-7.

N/A Days 1-7 Patients receiving cryoanalgesia used
significantly less major analgesia on POD 1-7
than comparator.

Not specified Days 1-3 Patients receiving cryoanalgesia had
significantly less pain on POD 1-3 than patients
receiving bupivacaine block.

N/A Days 1-3 Patients receiving cryoanalgesia used
significantly less pethidine on POD 1-3 than
patients receiving bupivacaine block.

Not specified Days 1-14 No significant difference.

N/A Days 1-14 No significant difference.

Rest and movement Days 1-7 No significant difference.

N/A Days 1-7 No significant difference.

Rest and coughing Days 1-7, Patients receiving cryoanalgesia had

Week 2, significantly less pain at rest at all timepoints,
Months 1, 2 compared to comparator. .
N/A Days 1-7, Patients receiving cryoanalgesia used
Week 2, significantly less morphine at all timepoints,
Months 1, 2 compared to comparator (Data reported in 6-h
intervals).
Not specified Days 1-7, Patients receiving cryoanalgesia had
Months 1, 3, significantly more pain at POM 6, 9, 12 than
6,9,12 patients receiving NDIMF.
N/A Days 1-7, Patients receiving cryoanalgesia used
Months 1, 3, significantly more likely to be using oral pain
6,9,12 medication at POM 6, 9, 12 than patients
receiving NDIMF.
Rest and movement Days 1-7, No significant difference.
Months 1, 2
N/A Days 1-7 No significant difference.
Rest Days 1, 2, No significant difference.
Month 3

N/A - No significant difference.

N/A Days 1, 2 No significant difference.

Not specified Days 1-10 Over the duration of follow up, patients
receiving cryoanalgesia had significantly less
pain than comparator group. .

N/A Month 1 No significant difference.

Not specified Days 1, 3, 5, No significant difference.

Week 2,
Months 1, 3,
12
N/A Days 1-3 Patients who received cryoanalgesia used

significantly less opioids throughout the
postoperative stay than patients receiving
epidural.

VAS: Visual analog scale; NRS: Numeric rating scale; VPS: Verbal pain scale; NDIMF: Non-divided intercostal muscle flap; POD: Post-operative day; POM: Post-
operative month; IC: Intercostal; OA: Opioid analgesia; NOA: Non-Opioid analgesia; TE: Thoracic epidural; INB: Intercostal nerve block; LE: Lumbar Epidural;

NDIMF: Non-divided intercostal muscle flap.

3.3.5. Cryoanalgesia versus non-opioid analgesia alone

Ba 2014 [23] was the only study that compared cryoanalgesia to
non-opioid pain medication (intravenous parecoxib) for thoracotomy
and found acute and chronic pain scores were significantly lower among
the cryoanalgesia group.

3.3.6. Cryoanalgesia versus non-divided intercostal muscle flap

Lu 2013 [24] found that the non-divided intercostal muscle flap
resulted in significant reductions in chronic pain intensity and incidence
of oral pain medication consumption at months 6, 9, and 12 when
compared to cryoanalgesia.

3.4. Primary outcome — quantitative synthesis

Though many included studies assessed our outcomes of interest,
most comparisons could not be included for pooling due to the incon-
sistency within the combinations of analgesic modalities used in inter-
vention and comparator groups. Where multiple timepoints were
available, the closest timepoint to postoperative day 1 and month 1 were
selected for acute and persistent pain scores, respectively, as these were
the most common acute and persistent timepoints that were evaluated
within our studies. Two pools of two studies each were deemed appro-
priate for meta-analysis.
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3.4.1. Acute pain

Two studies were pooled with respect to acute pain [28,29]. Pain
scores were converted into a common 0-10 NRS scale. Both studies
included opioid analgesia with (n = 85) or without cryoanalgesia (n =
85) and were combined using a random effects model. Compared with
no cryoanalgesia, cryoanalgesia showed significant improvement in
acute pain (MD 2.32 units, 95 % CI -3.35 to —1.30, 1?=77 %) (Fig. 4a).

3.4.2. Persistent pain

The same two studies allowed pooling to assess the effect of cry-
oanalgesia on persisting pain [28,29]. Compared with no cryoanalgesia,
the cryoanalgesia group showed significant improvements in persistent
pain intensity (MD 0.81 units, 95 % CI -1.10 to —0.53, ? =17 %)
(Fig. 4b).

3.5. Secondary outcomes

3.5.1. Adverse events

In general, the adverse events reporting was inconsistent and inad-
equate based on the available knowledge on the pain relief modalities
used. All adverse events reported in more than one comparable study are
summarized in Supplemental Figures 1 and 2. Nausea was more
commonly reported in non-cryoanalgesia groups that received only
opioid analgesia compared to groups that also received cryoanalgesia
(RR 0.23, 95 % CI 0.06 to 0.95, I’ = 66 %) (Supplemental Figure 1).
Atelectasis was also reported in multiple studies comparing cry-
oanalgesia to opioid analgesia; however, there was no difference in
atelectasis between these groups (RR 0.38, 95 % CI 0.07 to 2.17, I = 48
%) (Supplemental Figure 2).

4. Discussion

This systematic review evaluating the efficacy and safety of cry-
oanalgesia for the management of postoperative pain included 24 RCTs
covering thoracic surgery, herniorrhaphy, nephrectomy, and tonsillec-
tomy. Results from the majority of studies (13/24) indicate that cry-
oanalgesia can potentially provide better pain relief compared to
comparator, except in herniorrhaphy and nephrectomy. Specific to
thoracotomies, pain relief was associated with decreased opioid use
when compared to intercostal nerve blocks, but not when compared to
epidural analgesia. Reporting of adverse events was often inconsistent.
Existing evidence suggests the potential for decreased nausea with the
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decrease in opioids.

Cryoanalgesia has been used for decades for chronic nerve pain as
well as on surgically exposed nerves to provide postoperative pain relief,
most commonly for thoracotomies [8,43]. The mechanism of action is
based on the principle that when nerve tissues are cooled to between
—20°C and —100°C, Wallerian degeneration (axon degeneration) distal
to the lesion occurs, inhibiting nerve signalling for weeks to months as
the axon regenerates [8]. More recently, the advent of
ultrasound-guided percutaneous cryoanalgesia may increase its use in
acute and postoperative pain control as it is safer, more precise, and
surgically exposing the target nerve is not required [44].

There are distinct advantages with the use of cryoanalgesia
compared to existing modalities, such as the administration of loco-
regional analgesia or peripheral nerve blocks [10]. The most obvious
benefit is the prolonged duration of analgesia ranging from weeks to
months, although the duration appears to be variable depending on the
length of the nerve distally from where the cryoanalgesia was applied
[8]. Surprisingly, none of the included studies specifically assessed the
duration of relief in their patients over time. Among available
opioid-sparing agents, loco-regional blocks perhaps have the greatest
benefits, whenever appropriate. This is because they can be selectively
applied to a particular area of the body with no systemic side effects and
they also act superiorly on pain with activity, which is functionally more
important [45]. However, they are all limited by their duration of effect.
Presently, the strategies to overcome this limitation requires the use of
either continuous nerve blocks or the use of liposomal bupivacaine.
However, both have inherent limitations, may not be available, and in
the case of continuous blocks-require resources and trained personnel
[46-48].

The potential for prolonged duration of action with cryoanalgesia
may reduce readmissions and emergency room visits, apart from
decreasing the risk of systemic morbidity [4,49]. Importantly, its
opioid-sparing benefit can last after discharge, minimizing the need for
opioid prescriptions post-discharge, which seems to be contributing to
the opioid crisis. Other advantages of cryoanalgesia include its low cost,
limited follow-up requirements, no risk of local anesthetic toxicity, and
no need to carry around an infusion pump as one does with continuous
peripheral nerve blocks [10]. However, drawbacks include the increased
time required for administration, unpredictable duration of action, un-
clear association between application technique and duration of
blockade, and somewhat limited number of surgical procedures during
which it can be utilized [10].

Cryoanalgesia No Cryoanalgesia Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Welght IV,R 95% Cl _ Year IV, Rand 95% Cl
Ma 2009 39 1.2 60 6.8 31 60 44.9% -2.90[-3.74,-2.06] 2009 —
Sepsas 2013 0.6 0.6 25 245 1.2 25 55.1% -1.85[-2.38,-1.32] 2013 -
Total (95% CI) 85 85 100.0% -2.32 [-3.35, -1.30] <<
Heterogeneity: Tau? = 0.42; Chi? = 4.30, df = 1 (P = 0.04); I = 77% _!4 _!2 ) 2 i

Test for overall effect: Z = 4.45 (P < 0.00001)

a

Favors Cryoanalgesia Favors No Cryoanalgesia

Cryoanalgesia No Cryoanalgesia Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
Ma 2009 0.9 0.6 60 1.6 1.1 60 62.4% -0.70[-1.02,-0.38] 2009 ——
Sepsas 2013 0 0.00001 25 1 1.1 25 37.6% -1.00[-1.43,-0.57] 2013 —
Total (95% CI) 85 85 100.0% -0.81 [-1.10, -0.53] <
Heterogenelty: Tau? = 0.01; Chi* = 1.21, df = 1 (P = 0.27); I* = 17% _?2 _71 5 i i

Test for overall effect: Z = 5.59 (P < 0.00001)

b

Favors Cryoanalgesia Favors No Cryoanalgesia

Fig. 4. Acute (a) and persistent (b) postoperative pain relief as mean differences with cryoanalgesia compared with opioid analgesia.

CI, confidence interval; SD, standard deviation.
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To draw accurate conclusions about cryoanalgesia’s efficacy and
adverse effects in postoperative pain management, future studies should
precisely describe the method of application, including the type of
cryoprobe used, number of freeze cycles, and degree of nerve involve-
ment and manipulation. Given the increased precision and theoretical
safety, future studies should also evaluate ultrasound-guided percuta-
neous cryoanalgesia for postoperative pain and potentially acute pain in
general. Finally, additional direct comparison studies with other post-
operative pain management modalities such as regional analgesia would
be useful.

Several limitations of this review should be acknowledged. Most
studies had fewer than 50 participants per treatment arm, increasing the
risk of small study bias [50]. Additionally, many studies were published
over two decades ago and suffered from methodological limitations,
such as not reporting the number of and reason for dropouts. Further-
more, many studies were heterogenous and provided only graphical
data, often with no standard deviations, for pain-related outcomes. This
heterogeneity and lack of useable data made it difficult to compare
findings of the studies with each other and therefore, much of our
analysis was descriptive in nature. Lastly, 14 of the included studies did
not specify whether pain was measured at rest or with movement. It is
important to differentiate between pain at rest and pain with movement
as many current pain treatments differentially affect the two types of
pain, and failure to distinguish the two threatens trial precision [51].

4.1. Conclusions

Cryoanalgesia is a technique of postoperative pain relief that can be
potentially long acting, relatively inexpensive, and has minimal con-
traindications [10]. Existing evidence suggests that in patients having
thoracotomies, cryoanalgesia can be associated with better pain relief
and opioid reduction than intercostal nerve blocks, but not superior to
epidural analgesia. Due to a lack of studies, its potential for other sur-
gical populations is unknown and needs to be evaluated. Future studies
should consider a larger sample size with appropriate comparators.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.amsu.2021.102689.
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