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Abstract
Post-thoracotomy pain syndrome (PTPS) is a post-operative thoracotomy complication that is difficult to
treat. We describe the first-time use of ultrasound-guided percutaneous cryoneurolysis of the intercostal
nerves to successfully treat PTPS refractory to conventional medications and interventions. We report a case
of a 40-year-old male with two years of severe PTPS sustained after undergoing a thoracotomy. Treatment
with intercostal cryoneurolysis resulted in an immediate 75% improvement in pain for six weeks followed by
sustained 50% pain relief for eight weeks. This highlights the potential of this intervention as a radiation-
free, safe, and efficacious therapy for chronic PTPS.
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Introduction
Post-thoracotomy pain syndrome (PTPS) is recurrent or persistent pain along a thoracotomy incision for at
least two months after an inciting surgery or procedure [1]. Its prevalence ranges from 14% to 83% and
results in persistent, difficult-to-treat debilitating pain [1,2]. Though the exact pathophysiologic mechanism
remains unclear, current literature posits a neuropathic etiology secondary to iatrogenic intercostal nerve
injury [2]. The majority of PTPS studies focus on prevention via intraoperative and perioperative multimodal
analgesia including medications with adjunctive regional nerve and fascial plane blocks [1,2]. The existing
literature on treatment for developed PTSP is limited to case reports and studies with small sample sizes of
novel treatments that include botulinum toxin injection, nerve blocks, nerve ablations, and
neuromodulations [1-4].

Cryoneurolysis is an efficacious interventional analgesic modality that has been used perioperatively to
prevent the development of post-thoracotomy pain [5]. Cryoneurolysis involves the freezing of target nerves
to temperatures between -20oC and -100oC to achieve reversible axonal degeneration; this is in contrast to
cryoablation, in which the goal is permanent tissue destruction [6]. Recently, a small number of case reports
have described real-time image-guided cryoneurolysis as an effective therapy for PTPS; however, the
literature is limited to case reports that describe a computed tomography (CT) guided approach. Ultrasound
(US) has the added benefit of being more ubiquitously available and the ability to visualize the dynamic
pleura in real time during inhalation and exhalation [7,8]. In 2006, there was one published case report
describing US-guided cryoneurolysis as a successful treatment for subacute nociceptive post-operative
thoracotomy-related incisional pain that was present one month after surgery. While technically not
meeting the definition of PTPS with only month of post-operative pain, this case is the most recent
contribution to the literature related to US-guided cryotherapy for established PTPS, and it highlights the
potential use of US to provide cryoneurolysis to the intercostal nerves [7,9,10]. To our knowledge, there are
no prior publications describing US-guided intercostal cryoneurolysis as a treatment for developed PTPS. We
describe the first case where US-guided cryotherapy of T3, T4, T5, T6, T7, and T8 intercostal nerves resulted
in immediate and sustained improvement in pain, function, mood, and mobility in a patient whose pain was
present for two years and refractory to medication optimization and multiple other targeted interventions.

This case report was undertaken with written authorization by the patient in compliance with the Health
Insurance Portability and Accountability Act (HIPAA) and an abstract of this article was presented at the
Annual Regional Anesthesiology and Acute Pain Medicine Meeting on May 13, 2021.

Case Presentation
A 40-year-old male presented for evaluation of chronic left-sided lateral chest wall pain sustained after
undergoing a thoracotomy two years prior. He underwent esophagectomy for dysphagia that was
complicated by an intrathoracic abscess requiring an open thoracotomy for abscess drainage.
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During his initial evaluation in the pain clinic, the patient reported an 8/10 burning pain on the numeric pain
rating scale (NPRS) that originated below his scapula and wrapped anteriorly and superiorly into his axilla.
His pain was exacerbated with left arm movement and light touch. He noted that it affected his sleep,
exercise, ability to work, and quality of life. His pain regimen included daily home physical therapy
exercises, weekly acupuncture, and medical therapy including oxycodone 30 mg and gabapentin 3,600 mg
daily. His physical examination was significant for allodynia to his elliptical thoracotomy incision and left
anterolateral chest wall along the T3, T4, T5, T6, T7, and T8 ribs.

His history and physical examination were consistent with PTPS with associated multi-level intercostal
neuralgia. The initial intervention performed was a left serratus anterior plane (SAP) block (30 mL of 0.25%
bupivacaine and 10 mg of dexamethasone) with scar trigger point injections resulting in 50-70%
improvement in pain for one week before gradually regressing to his baseline pain within three weeks post-
procedure. The ephemeral response led to the decision to perform a US-guided percutaneous cryoablation of
the intercostal nerves.

Procedure method
After obtaining informed consent, the patient was positioned prone and remained awake and alert
throughout the procedure. Ribs 3-8 were marked, and the patient was draped in a sterile fashion. The skin
and soft tissues were anesthetized with 2 cc of lidocaine 1% at each site. Using US guidance, a 12-gauge
introducer angiocatheter was inserted 5 cm lateral to the spinous process at the position of the posterior
intercostal space (Figure 1) and advanced through intercostal muscles towards the fifth rib (Figures 1, 2). The
cryoneurolysis probe (CRYO Pain Blocker™, Epimed, Dallas, TX) was then passed through the introducer
and placed posterior to the fifth rib to target the T5 intercostal nerve. Two cycles of 2 minutes of cooling to a
temperature of -70°C (nitrous oxide) with 30 seconds of thawing between cycles were performed (Figure 2).
The introducer and probe were then removed. Using new introducer angiocatheters, this procedure was
repeated to treat the left T3, T4, T6, T7, and T8 intercostal nerves. The patient experienced no hemodynamic
or neurologic sequelae.

FIGURE 1: Normal intercostal sonoanatomy in the sagittal plane.
From superficial to deep, the pertinent anatomy includes latissimus dorsi, serratus anterior, intercostal muscles,
rib(s), and pleura.  
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FIGURE 2: Ultrasound imaging of percutaneous cryoneurolysis of
intercostal nerves
A still image from the ultrasound-guided percutaneous cryoneurolysis in the sagittal plane. An echogenic needle is
seen producing an ice ball at the posterior and inferior aspect of the rib. Relevant sonoanatomy is redemonstrated.

Results
Within 30 minutes following cryoneuroylsis of the intercostal nerves, the patient reported 75% improvement
in his pain (via NPRS) that was sustained for six weeks, followed by a continued 50% reduction in pain for
eight weeks for a total of 14 weeks of pain improvement. The patient also reported an overall subjective 80%
improvement in mobility, function, mood, and the ability to work longer and start exercising. Notably, his
daily oxycodone use was weaned from 30 mg to 20 mg.

Discussion
PTPS, once developed, is a notoriously difficult-to-treat chronic condition that results in mild-to-severe
functional and psychosocial impairments [1,2]. While emphasis is placed on preventing the development of
PTPS using perioperative multimodal analgesia, few interventional treatments have been thoroughly
investigated for the treatment of developed PTPS.

Perioperative prevention of post-thoracotomy pain has comprised the bulk of PTPS research. While
intraoperative epidurals remain the current preventive gold standard, emerging literature highlights
paravertebral, intercostal nerve, erector spinae, serratus anterior, and pectoralis I and II blocks as potential
epidural adjuncts and/or alternatives to an intra-operative epidural [1,2].

The current literature discussing treatment options for developed PTPS is limited to case reports and small
sample sized studies exploring botulinum toxin injection, nerve or plane blocks, neuromodulation, and
nerve ablation. A recent case study found botulinum toxin injection in painful sites of PTPS previously
refractory to oral medications to provide 80% pain improvement for 12 weeks post-injection; however, this
is in contrast to one other case study in which the pain improvement was 50% after treatment [11,12].
Literature for nerve or plane blocks for chronically developed PTPS such as intercostal nerve, paravertebral,
erector spinae plane (ESP), and SAP blocks appears promising, with recent ESP and SAP block case reports
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noting 90-100% immediate pain improvement with 50-100% pain relief at one-month post-procedure
follow-up [13,14]. Neuromodulation treatments, such as spinal cord and dorsal root ganglion, have
demonstrated significant improvement in chronic PTPS pain, ranging from 70% to 75% pain improvement
for one to two years post-procedure; however, given the small sample sizes, the procedures’ invasive nature,
and lack of control arms, these also require further research and investigation [15,16]. The current literature
on available interventions for developed PTPS highlights the benefits, limitations, and overall need for
larger sample sized studies. More invasive modalities (i.e., neuromodulation techniques) appear to provide
prolonged pain relief (i.e., one to two years post-procedure); however, the invasive nature of these
procedures may limit their utility [15,16]. In contrast, some relatively less invasive modalities, such as US-
guided nerve/plane blocks or subcutaneous botulinum toxin injection, appear to lack consistent results in
sustained analgesia, with case reports of ESP blocks reporting pain relief for 12 hours to one month and an
early case report of subcutaneous botulinum toxin injection reporting a 50% decrease in pain [12,13,17].

Modern cryoneurolysis is a percutaneous technique wherein a metallic probe delivers rapid and expanding
pressurized nitrous oxide to freeze a targeted nerve, resulting in Wallerian degeneration and cell death via
formation of intracellular ice crystals and disruption of the extracellular osmotic gradient [5,18]. The
ensuant conduction blockade and analgesia is a reversible process in which the duration of cryoanalgesia is
dependent on the rate of axonal regrowth [3,19]. Cryoneurolysis has been used for numerous intractable
pain conditions and offers benefits over thermal ablation through preservation of the epineurium and
perineurium, allowing for potential nerve regeneration and decreased risk of neuroma formation [5].
Additionally, it has a wide reported variation in the duration of analgesia ranging from three months to
three years, with all prospective studies reporting maximal pain reduction at one month and sustained
significant pain reduction after one year, making it a viable long-term treatment option with “as needed”
repeat treatments [5].

The first intercostal nerve cryoablation was conducted intraoperatively in 1974 to prevent the development
of PTPS [5]. While early studies reported analgesic efficacy, the landmark-guided procedure resulted in
inadvertent pneumothorax and injury to the lung leading to its discontinuation [5]. However, with modern
advances in real-time image-guidance modalities, cryoablation has resurfaced as a favorable therapy for
perioperative post-thoracotomy pain management and a potential therapy for developed PTPS. Notably,
despite most randomized controlled trials (RCTs) of intraoperative cryoneurolysis demonstrating no
increased risk of post-operative pain, two RCTs reported statistically significant increased incidence of
neuropathic pain development at multiple time intervals up to one year post-thoracotomy, with other small
studies also noting a potential association [20]. The development of neuropathic pain was possibly related to
a double-crush phenomenon in which more than one mode of injury occurs at the same time, such as
intraoperative cryoablation performed at the time of thoracotomy [20].

The literature regarding cryoneurolysis for developed PTPS is limited to a few case studies and a small
sample sized retrospective analysis, which utilized landmark or CT guidance [9,10]. These studies describe
efficacious analgesia of varying duration ranging from eight weeks in one case report to 11 months (median)
in a retrospective analysis [9,10]. While other studies utilized CT guidance, our case report found US-guided
cryotherapy to be effective in providing significant pain reduction that was immediate and sustained while
limiting patient radiation exposure and providing continuous dynamic imaging of the pleura during
inspiration and expiration [9,10]. There is no previous study describing US as a means to deliver
cryoneurolysis therapy to the intercostal nerves for developed and chronic PTPS refractory to medication
optimization and targeted nerve blocks. We report a case in which a single US-guided cryoneurolysis
intervention was used in such a patient to provide a safe, radiation-free means of immediate pain relief that
was significant and sustained over 14 weeks compared to the four weeks of pain relief reported in studies
utilizing US-guided nerve/plane blocks [12-17].

Considering medicine’s evolving focus on patient-centered outcomes and the national goal of decreasing
opioid use for chronic pain disorders, there is increasing interest in novel therapies for the prevention and
treatment of chronic pain syndromes such as PTPS. While this case report highlights the potential of US-
guided cryoneurolysis as a safe and efficacious intervention for developed PTPS in patients who are
refractory to other therapies and can be repeated, as necessary, for long-term pain relief, studies with larger
sample sizes and RCTs are required to more adequately characterize the safety and efficacy of this technique
compared to the current standard of care.

Conclusions
We described the first case report of US-guided percutaneous cryoneurolysis of the intercostal nerves that
successfully provide 14 weeks of significant pain relief in PTPS refractory to conventional medications and
interventions.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In

2022 Perese et al. Cureus 14(12): e32888. DOI 10.7759/cureus.32888 4 of 5



compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: Rodney Gabriel, MD, MAS declare(s) research funding from
Myoscience. Dr. Gabriel’s institution has received funding and product for his research from Myoscience.
Rodney Gabriel, MD, MAS declare(s) Research Funding from Epimed. Dr. Gabriel’s institution has received
funding and product for his research from Myoscience. Rodney Gabriel, MD, MAS declare(s) Research
Funding from Infutronics. Dr. Gabriel’s institution has received funding and product for his research from
Infutronics. Rodney Gabriel, MD, MAS declare(s) Research Funding from Ferrosan Medical. Dr. Gabriel’s
institution has received funding and product for his research from Ferrosan Medical . Rodney Gabriel, MD,
MAS declare(s) Research Funding from SPR Therapeutics. Dr. Gabriel’s institution has received funding and
product for his research from SPR Therapeutics. Rodney Gabriel, MD, MAS declare(s) Research Funding from
Merck. Dr. Gabriel’s institution has received funding and product for his research from Merck. Rodney
Gabriel, MD, MAS declare(s) personal fees from Heron Therapeutics. Previously a one-time consultant.
Rodney Gabriel, MD, MAS declare(s) personal fees from Avanos. Current paid consultant. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.

References
1. Yakşi E, Yakşi O: Current treatment options for post-thoracotomy pain syndrome: a review . Curr Thorac

Surg. 2017, 2:103. 10.26663/cts.2017.0020
2. Gupta R, Van de Ven T, Pyati S: Post-thoracotomy pain: current strategies for prevention and treatment .

Drugs. 2020, 80:1677-84. 10.1007/s40265-020-01390-0
3. Green CR, de Rosayro AM, Tait AR: The role of cryoanalgesia for chronic thoracic pain: results of a long-

term follow up. J Natl Med Assoc. 2002, 94:716-20.
4. Graybill J, Conermann T, Kabazie J, Chandy S: Spinal cord stimulation for treatment of pain in a patient

with post thoracotomy pain syndrome. Pain Physician. 2011, 14:441-5.
5. Bittman RW, Peters GL, Newsome JM, Friedberg EB, Mitchell JW, Knight JM, Prologo JD: Percutaneous

image-guided cryoneurolysis. AJR Am J Roentgenol. 2018, 210:454-65. 10.2214/AJR.17.18452
6. Ilfeld BM, Finneran JJ: Cryoneurolysis and percutaneous peripheral nerve stimulation to treat acute pain .

Anesthesiology. 2020, 133:1127-49. 10.1097/ALN.0000000000003532
7. Byas-Smith MG, Gulati A: Ultrasound-guided intercostal nerve cryoablation. Anesth Analg. 2006, 103:1033-

5. 10.1213/01.ane.0000237290.68166.c2
8. Koh WU, Lee JH: Ultrasound-guided truncal blocks for perioperative analgesia . Anesth Pain Med. 2018,

13:128-42. 10.17085/apm.2018.13.2.128
9. Koethe Y, Mannes AJ, Wood BJ: Image-guided nerve cryoablation for post-thoracotomy pain syndrome .

Cardiovasc Intervent Radiol. 2014, 37:843-6. 10.1007/s00270-013-0718-8
10. Yasin J, Thimmappa N, Kaifi JT, et al.: CT-guided cryoablation for post-thoracotomy pain syndrome: a

retrospective analysis. Diagn Interv Radiol. 2020, 26:53-7. 10.5152/dir.2019.19179
11. Thapa P, Euasobhon P: Chronic postsurgical pain: current evidence for prevention and management .

Korean J Pain. 2018, 31:155-73. 10.3344/kjp.2018.31.3.155
12. Fabregat G, Asensio-Samper JM, Palmisani S, Villanueva-Pérez VL, De Andrés J: Subcutaneous botulinum

toxin for chronic post-thoracotomy pain. Pain Pract. 2013, 13:231-4. 10.1111/j.1533-2500.2012.00569.x
13. Hasoon J, Urits I, Viswanath O, Aner M: Utilization of erector spinae plane block in the chronic pain clinic

for two patients with post-thoracotomy pain. Cureus. 2020, 12:e8988. 10.7759/cureus.8988
14. Sir E, Eksert S, Ince ME, Simsek F, Ozkan G, Eskin MB: A novel technique: ultrasound-guided serratus

anterior plane block for the treatment of posttraumatic intercostal neuralgia. Am J Phys Med Rehabil. 2019,
98:e132-5. 10.1097/PHM.0000000000001121

15. Wininger KL, Bester ML, Deshpande KK: Spinal cord stimulation to treat postthoracotomy neuralgia: non-
small-cell lung cancer: a case report. Pain Manag Nurs. 2012, 13:52-9. 10.1016/j.pmn.2011.11.001

16. Lo Bianco G, Papa A, Gazzerro G, et al.: Dorsal root ganglion stimulation for chronic postoperative pain
following thoracic surgery: a pilot study. Neuromodulation. 2021, 24:774-8. 10.1111/ner.13265

17. Forero M, Adhikary SD, Lopez H, Tsui C, Chin KJ: The erector spinae plane block: a novel analgesic
technique in thoracic neuropathic pain. Reg Anesth Pain Med. 2016, 41:621-7.
10.1097/AAP.0000000000000451

18. Law L, Rayi A, Derian A: Cryoanalgesia. StatPearls [Internet]. StatPearls Publishing, Treasure Island, FL;
2022.

19. Shah SB, Bremner S, Esparza M, et al.: Does cryoneurolysis result in persistent motor deficits? A controlled
study using a rat peroneal nerve injury model. Reg Anesth Pain Med. 2020, 45:287-92. 10.1136/rapm-2019-
101141

20. Gabriel RA, Finneran JJ, Swisher MW, et al.: Ultrasound-guided percutaneous intercostal cryoanalgesia for
multiple weeks of analgesia following mastectomy: a case series. Korean J Anesthesiol. 2020, 73:163-8.
10.4097/kja.19332

2022 Perese et al. Cureus 14(12): e32888. DOI 10.7759/cureus.32888 5 of 5

https://dx.doi.org/10.26663/cts.2017.0020
https://dx.doi.org/10.26663/cts.2017.0020
https://dx.doi.org/10.1007/s40265-020-01390-0
https://dx.doi.org/10.1007/s40265-020-01390-0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2594272/
https://www.painphysicianjournal.com/current/pdf?article=MTUwNg%3D%3D&journal=63
https://dx.doi.org/10.2214/AJR.17.18452
https://dx.doi.org/10.2214/AJR.17.18452
https://dx.doi.org/10.1097/ALN.0000000000003532
https://dx.doi.org/10.1097/ALN.0000000000003532
https://dx.doi.org/10.1213/01.ane.0000237290.68166.c2
https://dx.doi.org/10.1213/01.ane.0000237290.68166.c2
https://dx.doi.org/10.17085/apm.2018.13.2.128
https://dx.doi.org/10.17085/apm.2018.13.2.128
https://dx.doi.org/10.1007/s00270-013-0718-8
https://dx.doi.org/10.1007/s00270-013-0718-8
https://dx.doi.org/10.5152/dir.2019.19179
https://dx.doi.org/10.5152/dir.2019.19179
https://dx.doi.org/10.3344/kjp.2018.31.3.155
https://dx.doi.org/10.3344/kjp.2018.31.3.155
https://dx.doi.org/10.1111/j.1533-2500.2012.00569.x
https://dx.doi.org/10.1111/j.1533-2500.2012.00569.x
https://dx.doi.org/10.7759/cureus.8988
https://dx.doi.org/10.7759/cureus.8988
https://dx.doi.org/10.1097/PHM.0000000000001121
https://dx.doi.org/10.1097/PHM.0000000000001121
https://dx.doi.org/10.1016/j.pmn.2011.11.001
https://dx.doi.org/10.1016/j.pmn.2011.11.001
https://dx.doi.org/10.1111/ner.13265
https://dx.doi.org/10.1111/ner.13265
https://dx.doi.org/10.1097/AAP.0000000000000451
https://dx.doi.org/10.1097/AAP.0000000000000451
https://pubmed.ncbi.nlm.nih.gov/29489178/
https://dx.doi.org/10.1136/rapm-2019-101141
https://dx.doi.org/10.1136/rapm-2019-101141
https://dx.doi.org/10.4097/kja.19332
https://dx.doi.org/10.4097/kja.19332

	Ultrasound-Guided Percutaneous Cryoneurolysis for Post-Thoracotomy Pain Syndrome: A Case Report
	Abstract
	Introduction
	Case Presentation
	Procedure method
	FIGURE 1: Normal intercostal sonoanatomy in the sagittal plane.
	FIGURE 2: Ultrasound imaging of percutaneous cryoneurolysis of intercostal nerves

	Results

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


