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Abstract

Chronic post-thoracotomy pain syndrome (PTPS) can cause significant patient distress and is
frequently difficult to manage. Percutaneous intercostal nerve (ICN) cryoablation by palpation of
surface landmarks can be risky, as inaccurate probe placement can lead to hemo- or
pneumothorax. Experience with image-guided ICN cryoablation with treatment planning and
device navigation is limited. A patient with intractable PTPS was treated with ICN cryoablation
under cone-beam computed tomography (CBCT) guidance with software-assisted needle
trajectory planning and ablation zone simulation. This procedure provided the patient
approximately 8 weeks of relief. This case demonstrated that ICN cryoablation is feasible under
image-guidance with device navigation and ablation simulation, and may result in a few months of
pain relief in cases of intractable PTPS.

Introduction

Chronic post-thoracotomy pain syndrome (PTPS) affects more than 50% of individuals
following thoracic surgery and is difficult to prevent and manage [1]. A significant
contributor to PTPS is intercostal nerve (ICN) trauma from incision, retraction/instrument
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placement, or suturing [1]. ICN cryoablation, which causes localized freezing to nerves [2],
may provide long-term therapeutic relief. In one study, 60% of patients experienced
immediate pain relief from cryoablation, and 50% continued to report significant pain relief
at 3 month follow up [3]. When compared to other ablation modalities, like radiofrequency
ablation, cryoablation may be better tolerated with decreased need for anesthetics during the
procedure [4]. Furthermore, cryoablation is less likely to cause neuroma formation than
surgical or thermal nerve ablations since it does not damage the perineurium or epineurium
[5]. While needle placement for ICN ablation is conventionally estimated by palpation of
bony landmarks, recent success of cryoanalgesia under ultrasound [6] and CT [7] guidance
has raised interest for imaged-guided ICN cryoanalgesia for PTPS. Nevertheless, experience
in device navigation and ablation simulation in combination with image-guidance is limited
in the field of cryoanalgesia. The presented case describes the use of ICN cryoablation via
cone beam computed tomography (CBCT) guidance, device navigation, and CBCT
treatment planning and simulation software to manage a case of PTPS after thoracotomy and
pleurectomy.

Case Report

A 51-year-old woman with a history of metastatic mesothelioma, who underwent a
thoracotomy and pleurectomy, complained of chronic moderate to severe pain that radiated
from her right mid axilla, ribs and flank to her anterior chest and abdomen. Her pain was
transiently responsive to myofascial release with botulism toxin and local anesthesia. An
ICN nerve block with ethanol provided 8 months of pain relief. The patient continued to
have recurrent pain refractory to oral medications, acupuncture and massage therapy. The
pain was described as sharp and constant and at a level of 7-8/10. She reported that the
severity of the pain greatly impacted her quality of life and activities of daily living.

Cryoablation of T6 ICN was subsequently performed under CBCT guidance with device
planning and navigation and ablation zone simulation. A 5-minute freeze of the T6 right
mid-thoracic ICN was followed with a thaw and another 2-minute freeze (Endocare
cryoablation system with a 15mm active tip) (Endocare; HealthTronics, Austin, Texas) [8].
Given ICN's close proximity to the ribs, freeze time was shortened to minimize risk for bone
necrosis and other untoward effects of freezing a large volume. Total fluoroscopy time was
1.2 minutes.

The patient reported approximately 8 weeks of pain relief. She is currently being treated by
with multiple oral medications and is planning for radiofrequency ablation at an outside
institution.

Discussion

PTPS is notoriously difficult to manage, as demonstrated by this patient who had failed oral
medications, myofascial release with botulism toxin, local anesthesia, and ethanol injection
of intercostal nerves. Cryoanalgesia offers an alternative therapy for patients who have
failed other treatments. During cryoanalgesia, nerves thought responsible for pain
conduction are frozen to -60°C, damaging the myelin sheath and thereby interrupting nerve
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conduction. Because axons are not damaged, functional recovery of the nerve frequently
occurs after the myelin sheath has regenerated, theoretically permitting recovery of muscular
functions [2]. Percutaneous cryoablation for pain palliation has been performed in patients
with neoplastic and metastatic disease in multiple organs, such as bone, kidney and prostate
[2]. Cryoablation has also been used for patients with trigeminal [9] and genitofemoral
neuralgia [5]. ICN cryoablation in particular has been described in randomized trials that
compared surgical cryoanalgesia to narcotics during surgery or shortly after. These studies
suggested that cryoanalgesia provided no less pain relief than narcotics, if not marginally
more [2].

Percutaneous ICN cryoablation is comparatively less invasive than traditional surgical
cryoablation, which dissects the nerve from pleura prior to ablation. However, it is typically
guided by palpation of bony landmarks without direct visualization of the target anatomy
[6]. Complications associated with this procedure (e.g. bleeding/hemothorax or
pneumothorax) are related to needle placement and can be catastrophic. For example, the
incidence of pneumothorax with percutaneous ICN cryoablation is about 7% [6].

Image guidance may reduce complications associated with cryoanalgesia of ICN.
Cryoanalgesia therapy has been recently performed under ultrasound [6] and CT guidance
[7]. While ultrasound may rapidly detect pneumothorax [6], iceball formation is better
visualized on CT and CBCT [10]. CBCT procedures tend to use less radiation compared to
CT procedures [11], and does not restrict the physical working space because of its rotating
C-arm. When CBCT is equipped with 3D fluoroscopy (Allura FD20 angiography
interventional system, Philips Healthcare, Best, Netherlands), real-time needle position on
fluoroscopy is superimposed over intra-procedural CBCT images [12]. Continuous
monitoring of needle position can potentially improve accuracy and prevent unintentional
injury of adjacent vital structures (e.g. lung parenchyma, vessels). This combination of
CBCT/fluoroscopy needle guidance has a comparable accuracy to that of CT/fluoroscopy
[12]. In this patient, cryoablation of ICN was performed by CBCT with fluoroscopic
guidance and CBCT-based navigation and ablation simulation.

The CBCT-navigation software (XperGuide, Philips Healthcare, Best, Netherlands) assists
the physician by planning the needle trajectory and monitoring needle advancement (Figure
1). It automatically displays the planned trajectory in relation to the real-time needle location
in two orthogonal perspectives. The “progress view” displays the viewpoint lateral to the
needle (Figure 2); the “entry point view” displays the viewpoint down the shaft of the needle
(Figure 3). Simultaneous display of both orthogonal perspectives provides the physician
three-dimensional real-time feedback of needle position.

Accurate prediction of the ablation zone coverage, which varies by tissue, needle type,
needle trajectory and ablation time can potentially facilitate complete nerve ablation with
minimal collateral damage. Conventional method requires the physician to imagine the
ablation zone. This process depends upon the physician's spatial awareness and is inevitably
prone to human error. The CBCT ablation simulation and treatment planning software can
use needle-specific ablation parameters, and superimpose estimated ablation coverage over
CBCT scans (Figures 1-3). It can also use post-procedural CBCT scans to compare the
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formed ice ball to the planned ablation zone [13,14]. In the past, this software has been
successfully used to facilitate solid tumor ablations [14], but it is relatively novel in
cryoanalgesia. Simultaneous fluoroscopy with real-time needle navigation and ablation
simulation may have improved cryoanalgesia success in this case.

Cryoablation of the sixth ICN provided pain relief for this patient for 8 weeks. Currently,
there is no consensus on the expected duration of pain relief from cryoablation of ICNs
because the pathophysiology of neuropathic pain recurrence remains poorly understood and
frequently involves a combination of multiple mechanisms [15]. The duration of
cryoanalgesia's effectiveness may in part be explained by regeneration of myelin sheath that
leads to continued nerve conduction [2]. Additionally, had cryoablation terminated the nerve
axons, aberrant regeneration of pain fibers may still lead to persistent pain [15].
Furthermore, the pain may return as the disease progresses to the tissue outside of the area
covered by the cryoablative treatment. This case of PTPS also differs from historical
randomized trials involving cryoanalgesia, in that this therapy was performed years after,
instead of during or days after, thoracotomy.

In conclusion, cryoanalgesia under image-guidance may benefit intractable PTPS for a few
months. This case demonstrated the feasibility of using a combination of fused CBCT/
fluoroscopy, device navigation and ablation simulation for ICN cryoablation.
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Figure 1.
Axial image of procedural cone-beam CT scan showing the actual needle with superimposed

planned virtual trajectory (green line) and superimposed treatment zone (shaded pink
sphere). Skin entry point (pink ellipse, A), planned target (green ellipse, B), and planned
needle position as it traverses through this axial slice (green ellipse, C) are also displayed.
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Figure 2.
Oblique multiplanar reconstruction cone-beam CT shows “progress view” of the needle

along the superimposed planned trajectory (green line with markings). The planned
trajectory displays the skin entry site (A), the planned needle tip target (B), and the distance
along the planned trajectory via millimeter demarcations. Ablation zone (pink shaded
ellipse) for planned -40°C isotherm (13 mm diameter, 15 mm length) is superimposed.
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Figure 3.
Procedural reconstructed cone-beam CT shows “entry point view,” which is the view down

the needle shaft toward the nerve target. Expected ablation zone (arrow) for -40°C isotherm
(13 mm diameter) is superimposed over the needle.
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