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PURPOSE

Post-thoracotomy pain syndrome is a common condition affecting up to 50% of post-thoracot-
omy patients. However, percutaneous computed tomography (CT)-guided intercostal nerve
cryoablation may provide symptomatic benefit in chronic and/or refractory cases.

METHODS

A retrospective review of our institution’s comprehensive case log from October 2017 to Septem-
ber 2018 for patients who underwent cryoablation was analyzed. Thirteen patients with post-tho-
racotomy pain syndrome, refractory to medical management, were treated with CT-guided in-
tercostal nerve cryoablation. Most patients had treatment of the intercostal nerve at the level
of their thoracotomy scar, two levels above and below. The safety and technical success of this
technique and the clinical outcomes of the study population were then retrospectively reviewed.

RESULTS

Of the patients, 69% experienced significant improvement in their pain symptoms with a median
pain improvement score of 3 points (range, -1 to 8 points) over a median follow-up of 11 months
(range, 2-18.6 months). Complications included pneumothorax in 8% and pseudohernia in 23%
of patients.

CONCLUSION
CT-guided intercostal nerve cryoablation may be an effective technique in the treatment of
post-thoracotomy pain syndrome and requires further study.

ost-thoracotomy pain syndrome (PTPS), defined by the International Association

for the Study of Pain (IASP) as persistent or recurrent pain at least 2 months follow-

ing thoracotomy, affects approximately 50% of post-thoracotomy patients (1, 2).
While the exact pathogenesis remains unclear, PTPS is most likely related to a combina-
tion of neuropathic and myofascial pain related to intercostal nerve (ICN) trauma (2, 3).
Clinical management of PTPS can be challenging and refractory to therapy. Treatments
frequently employed include opioids, nonsteroidal antiinflammatory drugs, gabapen-
tin, antidepressants, local or regional anesthesia, and percutaneous cryo- or thermal
ablation (4-8). There remains an unmet need for additional reliable treatments for PTPS
(9-11).

Twelve pairs of thoracic spinal nerves (T1-12) divide into ventral and dorsal rami after
they pass through the neural foramina. The ventral rami of T1-T11 form the ICNs, which
enter their respective intercostal spaces. Throughout its course, each ICN is associated with
an artery and a vein. The ICN travels inferior to the vein and artery of the same segment.
The dorsal rami of T1-T12 supply sensation to skin, muscles, and bones of the back (12).
ICNs are composed of dorsal horn sensory afferent fibers, ventral horn motor efferent fibers,
and postganglionic sympathetic nerves. The major branches of each ICN are the anterior
and lateral cutaneous branches. The lateral branch of the ICN arises close to the mid axillary
line (Fig. 1). The ICN should thus be targeted anywhere posterior to the mid axillary line to
include the lateral cutaneous branch in the block (13).
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Methods

A retrospective review of our institution’s
comprehensive case log from October 2017
to September 2018 for patients who un-
derwent cryoablation was approved by our
institutional review board. All the patients
were adults, initially evaluated by a cardio-
thoracic surgeon who performed the tho-
racotomy, and treated with either opiates,
gabapentin, or antidepressants for at least
2 months following surgery. Patients with
persistent, refractory pain were referred to
Interventional Radiology (IR). All patients
with refractory PTPS treated with CT-guid-
ed ICN cryoablation were included in the
review. Demographic and clinical data
collected included age, sex, laterality, lev-
el of ablation, pre- and post-ablation pain
scores, and follow-up duration.

All procedures performed in studies
involving human participants were in ac-
cordance with the ethical standards of the
institutional and/or national research com-
mittee and with the 1964 Helsinki declara-
tion and its later amendments or compara-
ble ethical standards.

Clinical presentation and assessment

Patients with intercostal neuralgia most
commonly complain of rib pain secondary
to irritation or impingement of the re-
spective ICN(s). Careful sensory examina-
tion was performed for each affected der-
matome to assess symptoms of allodynia,
hyperalgesia, and/or numbness as these
symptoms generally occur along the dis-
tribution of the ICN(s) and are the most
frequent features of post-thoracotomy
pain (14, 15). Visual inspection of the sus-
pected dermatomes was also performed
to rule out cutaneous evidence of herpes
zoster. Preprocedural lab work included
complete blood count and coagulation
profile, which were assessed for procedur-
al safety using the Society of Intervention-
al Radiology guidelines (16).

* CT-guided cryoablation may have a role in
management of refractory post-thoracotomy
pain syndrome (PTPS).

* Complications from CT-guided cryoablation
are rare, but include pneumothorax.

* Continued study of CT-guided cryoablation
is needed to further determine the effective-
ness of cryoablation for refractory PTPS.

Procedural technique

The CT-guided cryoablation procedure
was performed under intravenous con-
scious sedation. Patients were positioned
prone on the CT table and the skin over-
lying the planned cryoablation levels were
marked. The ICN was targeted posterior to
the mid axillary line to include the lateral
cutaneous branch in the block (13). We
typically performed cryoablation at the
level of the thoracic scar, two levels above
and below, based on the protocol used in
prior studies (8, 17, 18). After administering
lidocaine, the cryoprobe (Endocare PCS-
17RS) was advanced under intermittent CT
guidance (Fig. 2) in a 30°-45° angle to re-
duce the risk of inadvertently entering the
neurovascular bundle (19) and positioned
just short of the pleural margin. After con-
firming appropriate cryoprobe positioning
on CT, the freeze cycle was started. A sin-
gle 3-minute freeze cycle was performed

at 60% power, to ensure the temperatures
were between -60°C and -100°C (13). This
was followed by an active thaw to allow
for probe removal. The process was then
repeated for the additional dermatomes
intended for treatment.

Next, immediate postprocedure CT was
performed to exclude acute complications
like pneumothorax and bleeding. Patients
were then observed in recovery and dis-
charged after the one-hour postprocedural
chest x-ray was obtained, to exclude a de-
layed pneumothorax.

Pain assessment

Preprocedural, immediate postprocedur-
al, and follow-up pain levels were assessed
using a self-reported numerical rating scale
(NRS) from 0 to 10 (11-point scale), where 0
represents no pain at all, 5 moderate pain,
and 10 the worst pain possible. The pain
levels in all patients were assessed at the

Figure 1. lllustration of the intercostal nerve (ICN). Cryoanalgesia is performed posterior to the mid
axillary line (red line) targeting the ventral ramus (white arrow) before it gives off the lateral cutaneous
nerve (black arrow). The mid axillary line was assumed to be the midline of the lateral chest for the
purposes of cryoablation. Other structures noted: dorsal ramus (white arrowhead) and anterior

cutaneous nerve (dotted arrow).
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end of the procedure and 2 weeks later via
phone by the IR clinic nurse. If there were
no complications from the procedure and
pain improvement, no subsequent IR clin-
ic visit was made. However, all the patients

have been routinely followed by the CT
surgeon for new symptoms including pain.
The follow-up particularly in relation to the
PTPS is current to the date of submission of
this manuscript.

Figure 2. Typical position of the cryoablation probe (white arrow), in a lateral to medial trajectory at a
45-degree angle, below the lower margin of the rib.

Table. Patient information

Statistical analysis

Statistical analysis was conducted using
SAS/STAT v15.1 (SAS Institute Inc.) and Mi-
crosoft Excel version 15.26 (Microsoft Inc.).
Nonparametric Wilcoxon'’s signed-rank sum
test was used for comparison of pre- and
post-cryoablation pain scores. A P value
<0.05 was considered statistically signifi-
cant.

Results

A total of 13 patients were treated with
ICN cryoablation (Table). Clinical assess-
ment of each patient was consistent with
PTPS. The cross-sectional CT images were
reviewed preprocedurally to ensure that
the pain was not related to local mass ef-
fect. Age range was 41 to 70 years (medi-
an, 58 years). The median time between
thoracotomy and cryoablation was 7.9
months (range, 1.9-42.4 months) and me-
dian number of levels treated was 5 (range,
4-7 levels). Nine of 13 patients experienced
significant improvement of their pain,
which was defined as a reduction of pain
score >3 reported 2 weeks postinterven-
tion. The reported changes in pain score
ranged from -1 to 8 points with a median
improvement of 3 points. This was statically
significant per Wilcoxon’s signed-rank sum
test (P = 0.0034). The median follow-up to
assess the need for further treatments and

Patient Sex/Age Levels Pre-cryo Post-cryo  Time until
number  (years) Reasons for thoracotomy  treated pain score painscore improvement Complications/ Notes
1 M/57 Lung cancer Right4-7 7 3 4 days
2 F/59 Lung cancer Right5-9 7 2 0 days
3 M/50 Lung cancer Left 5-8 8 4 7 days
4 M/59 Lung cancer Right2-6 7 1 3 days
5 F/58 Lung cancer Right5-11 7 7 NA Pneumothorax
6 F/49 Necrotizing granulomas Left 7-11 10 10 NA
7 M/64 Lung cancer Left 5-8 8 5 14 days
8 M/41 Intercostal hernia and Left 5-11 7 3 14 days Pseudohernia initial improvement and
chest wall reconstruction required repeat cryoablation after 6
months
9 F/52 Lung cancer Left 6-12 6 3 3 days
10 F/67 Pulmonary fibrosis Right7-11 8 8 NA Pseudohernia
1 M/57 Lung cancer Left 1-6 7 8 NA Pseudohernia
12 M/70 Lung cancer Left 5-6, 10 2 4 days
Left 9-10
13 M/56 Lung cancer Right4-8 5 2 3 days Improved for 10 months then required

repeat cryoablation

M, male; F, female; NA, not applicable.
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side effects was 11 months (range, 2-18.6
months). Pneumothorax formation, requir-
ing chest tube placement, was noted in 1
patient (8%); while a perceived feeling of
localized swelling (pseudohernia) in the an-
terior aspect of the abdomen was noted in
3 patients (23%). No bleeding or infections
were noted.

Discussion

PTPS is a potentially debilitating condition
affecting up to 50% of patients who under-
go surgical thoracotomy (20). Extensive re-
search has been done on the management
of both acute and chronic post-thoracotomy
pain with an aim to both palliate symptoms
and possibly prevent the chronic symptoms
associated with PTPS (3). Those patients
who nonetheless do develop the chronic
symptoms associated with PTPS can pose a
difficult clinical challenge, which may be re-
fractory to medical management. ICN injury
has been suggested to be a major factor con-
tributing to the etiology of post-thoracoto-
my persistent pain (18). This study demon-
strates that image-guided ICN cryoablation
reduces pain in patients with refractory PTPS
and supports the use of CT-guidance, as an
effective approach for percutaneous perfor-
mance of ICN cryoablation.

Cryoablation has historically been used
under variable conditions for the treat-
ment of acute post-thoracotomy pain, but
reports of relative efficacy are lacking and
studies have suggested an increased risk of
PTPS and neuroma formation (11). Howev-
er, there may remain a role for cryoablation
in the setting of refractory PTPS, with a few
studies demonstrating long-term benefits
without significant complications (19, 21).
When compared to other modalities, like
radiofrequency ablation, cryoablation may
be better tolerated with decreased need
for anesthesia during the procedure (22).
Furthermore, cryoablation is considered to
be less likely to cause neuroma formation
than surgical or thermal nerve ablations
since it does not damage the perineurium
or epineurium of the ICN (14). While needle
placement for ICN cryoablation was origi-
nally performed by palpation of bony land-
marks, recent success of cryoablation under
ultrasonography (US) (21) and CT (19) guid-
ance has raised interest for image-guided
ICN cryoablation in the setting of PTPS. In
this paper, we describe our experience with
CT-guided ICN cryoablation in 13 patients

with refractory PTPS. We also briefly discuss
the principles of cryoablation, the tech-
nique, and the anatomy of ICNss.

An extensive literature review using the
query (post-thoracotomy pain syndrome
OR thoracic pain OR thoracotomy) AND
(cryoanalgesia OR cryoablation OR cryo-
neurolysis OR cryotherapy) was conducted
on PubMed from January 1, 2000 to Decem-
ber 31, 2018 yielded one study on CT-guid-
ed cryoablation for PTPS. Our results com-
port with the only other study conducted to
date on this treatment method, which also
found statistically significant improvement
in pain score after cryoablation (19).

Regarding the type of image guidance,
our group found CT to be indispensable
for probe placement. However, there have
been reports of successful US-guided ICN
cryoablation (21). We hypothesize that
some experienced US operators may find
it both feasible and preferable to use US
guidance both for the nonionizing and
real-time guidance properties of US. How-
ever, in our own experience, we found it
difficult to visualize the appropriate land-
marks under US guidance often secondary
to patient breathing and/or body habitus.
Larger case series and further elucidation
of a standardized US-guided technique are
indicated with possible head-to-head stud-
ies comparing CT and US guidance for ICN
cryoablation.

Our results to date do suggest a lasting
effect of ICN cryoablation with nine pa-
tients demonstrating clinically significant
improvement, which we defined as re-
duction in pain score of 3 points or more,
postintervention. Two patients in our
study required repeat cryoablation 6 and
10 months after the initial treatment, indi-
cating recurrence of pain in 15% of our pa-
tients. Long term studies are thus needed to
further evaluate the role for and timing of
repeat cryoablation in these patients in ad-
dition to the safety and efficacy of repeated
interventions.

Our study also showed the occurrence of
pneumothorax and a perception of bulg-
ing of the abdominal wall (pseudohernia).
These complications were not noticed by
Moore et al. (19), thus the true incidence of
such complications requires larger studies
and a future meta-analysis to accurately
quantify. We anticipate the pneumotho-
rax might be related to slightly aggressive
cryoprobe positioning into the pleura with
consequent partial ablation of the pleural/
lung parenchyma during this process. The
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pneumothorax occurred early in our expe-
rience with this technique and was delayed,
after the patient was discharged. Three pa-
tients noted a bulging sensation of the an-
terior abdominal wall, which was new and
developed following the ablation. This was
attributed to more than anticipated ICN
damage during cryoablation. This sensation
has known associations with herpes Zoster
(23), diabetic neuropathy (24), and rib frac-
tures (25). We, on physical examination, did
not see an abdominal wall bulge or feel a
defect, however, we did not get a CT scan
to evaluate this further and confirm the
findings. The patients were treated symp-
tomatically with abdominal binders, which
reportedly mitigated the sensation.

This study is primarily limited by its ret-
rospective design and small sample size.
The patients selected for cryoablation were
chosen as their pain was refractory to less
invasive pain control methods and they
were determined to be good clinical can-
didates for cryoablation. Pain management
therapy prior to the procedure was very
complicated and diverse with a wide range
of medications, including short-acting opi-
ates, maintenance opiates, nonsteroidal
antiinflammatory drugs, antidepressants,
and/or anticonvulsants. Our retrospective
design precluded controlling for confound-
ing factors such as prior therapy and med-
ications, hence, the contributory role of
these medications to the pain relief cannot
be ruled out. Further, the sample size is too
small for adequate subgroup analysis and
requires a rigorous meta-analysis after addi-
tional studies on this topic are published to
further classify which patients may benefit
significantly from cryoablation.

In conclusion, PTPS remains a challeng-
ing condition for clinicians and patients
to manage. Our early experience demon-
strates that CT-guided ICN cryoablation
may be a safe and effective technique in the
treatment of refractory PTPS and requires
further study.
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