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Purpose:

To prospectively determine the safety and effectiveness of
percutaneous cryoablation for the reduction of pain, improvement in the activities of daily life, and reduction in
the use of analgesic medications for patients with painful
metastatic lesions involving bone.

Materials and
Methods:

This study was compliant with HIPAA and was approved
by the institutional review board. Written informed consent was obtained. During 18 months, 14 patients (eight
men, six women; age range, 21–72 years; mean age, 54
years) with one or two painful metastatic lesions involving
bone, with a score of 4 or greater out of 10 for worst pain
in a 24-hour period, and who did not respond to or refused
conventional radiation treatment or chemotherapy were
treated with percutaneous cryoablation. Patient response
was measured with the Brief Pain Inventory, and analgesic
use was recorded before and after the procedure at days 1
and 4, weekly for 4 weeks, and then every other week for a
total of 6 months. Complications were monitored. Analysis
of the primary end points was undertaken with paired
comparison procedures by using paired t tests across individual time points supplemented with repeated measures
analysis of variance.

Results:

Treated lesions were 1–11 cm in diameter. Before cryoablation, the mean score for worst pain in a 24-hour period
was 6.7 of 10; the score decreased to 3.8 (P ⫽ .003) 4
weeks after treatment. Mean pain interference with activities of daily living was 5.5 of 10 before treatment and
decreased to 3.2 (P ⫽ .004) 4 weeks after treatment. All
eight (100%) patients (exact 95% binomial confidence interval: 63%, 100%) for whom narcotics were prescribed
prior to the procedure reported a reduction in these medications after cryoablation. No serious complications were
observed.

Conclusion:

Percutaneous cryoablation is a safe and effective method
for palliation of pain due to metastatic disease involving
bone.
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C

urrent conventional treatments
for patients with painful bone
metastases are primarily palliative and include localized therapies (radiation and surgery), systemic therapies
(chemotherapy, hormonal therapy, radiopharmaceuticals, and bisphosphonates), and analgesics (opioids and nonsteroidal anti-inflammatory drugs). Unfortunately, metastatic skeletal disease
is often refractory to standard chemotherapy or hormonal therapy. Surgery,
which is usually reserved for impending
fracture, is not always an option when
patients have advanced disease and
poor functional status. Radiopharmaceuticals, which have known benefit in
patients with diffuse painful metastases
involving bone, are not considered standard of care for patients with isolated,
painful lesions. For many patients with
painful metastatic disease, systemic analgesics remain the only alternative
treatment option.
Investigators have explored several
alternative strategies for the treatment of
painful metastatic disease; these involve
the use of percutaneous image-guided
methods to deliver tissue ablative devices
into focal metastatic lesions: ethanol (1),
laser-induced interstitial thermotherapy
(2), percutaneous radiofrequency (RF)
ablation (3–5), and, most recently, cryoablation (6). Of these methods, RF ablation has been evaluated in a multicenter
study that demonstrated RF ablation substantially reduces pain in patients with
bone pain that is refractory to standard
treatments (7). Although RF ablation is
effective in reducing patients’ pain, it

has important limitations including the
inability to depict the ablation margin
with computed tomographic (CT) monitoring (it is possible with magnetic resonance [MR] imaging but often impractical), pain associated with the procedure, frequent increased pain during
the immediate period after treatment,
and a period of weeks before substantial
pain reduction is achieved. In contrast
to RF ablation, cryoablation results in
formation of an ice ball, which defines
the limits of the ablation zone and is
readily identified with CT.
Cryoablation has been used extensively to successfully treat neoplasms in
different organs, including the prostate,
kidney, liver, lung, breast, and uterus
(8–17). First-generation devices were
limited to intraoperative use because of
the large diameters of the devices, the
use of liquid nitrogen for tissue cooling,
and the lack of well-insulated probes.
Newly developed percutaneous cryoprobes are based on delivery of argon
gas through a segmentally insulated
probe and rapid expansion of the gas
in the sealed probe tip, which results
in rapid cooling that reaches ⫺100°C
within a few seconds. Active thawing
of the ice ball is achieved by actively
instilling helium gas instead of argon
gas into the cryoprobes.
The purpose of our single-center
study was to prospectively determine
the safety and effectiveness of percutaneous cryoablation for the reduction of
pain, improvement in the activities of
daily life, and reduction in the use of
analgesic medications for patients with
painful metastatic lesions involving bone.

Advances in Knowledge
䡲 To our knowledge, ours is the first
prospective clinical study of the
use of percutaneous cryoablation
of painful metastatic disease involving bone.
䡲 Percutaneous cryoablation provides safe, effective, and durable
pain palliation for patients with
focal pain due to osteolytic metastases.
䡲 Percutaneous cryoablation of
painful metastases results in improved activities of daily life.
Radiology: Volume 241: Number 2—November 2006

Materials and Methods
The manufacturer of the cryoablation
probes (Endocare, Irvine, Calif) provided financial support for this study.
The authors had control of the data and
information submitted for publication.

Patients
Institutional review board approval and
informed consent were obtained. During an 18-month period from December
2003 through May 2005, 24 patients
who had substantial pain from meta-
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static lesion(s) involving bone (either
arising from a bone metastasis or from a
lesion abutting bone which causes periosteal reaction) and whose lesions were
refractory to radiation therapy, chemotherapy, surgery, or analgesic medicines were considered for enrollment in
our Health Insurance Portability and
Accountability Act– compliant study. Alternatively, those who refused these
standard therapies also were considered for enrollment. Only patients with
substantial pain as indicated by a score
of ⱖ4 on a scale of 0 –10 for the question
“Please rate your pain by circling the
one number that best describes your
worst pain over the past 24 hours” were
included in the study (18,19). Patients
included in the study had pain resulting
from no more than two sites of metastatic disease. The number of lesions
was limited to no more than two in order to make it easier for the patients to
rate their response to treatment. Only
patients who had completed chemotherapy or radiation treatment more than 3
weeks prior to cryoablation treatment
were included in the study. All patients
were older than 18 years, were able to
give written consent, and had a life expectancy of greater than 2 months. The
portions of lesions within 0.5 cm of the
spinal cord, brain, aorta, inferior vena
cava, bowel, or bladder were not treated.
Patients with impending fractures at the
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potential ablation site were not eligible
for this study.
Ten patients did not meet the inclusion criteria or were excluded from the
study. Of these 10 patients, three patients had metastatic lesions in weightbearing bones at risk for fracture, had a
treatment plan that involved subsequent cementoplasty of the same lesion,
or both. Five patients planned to continue or definitely were continuing chemotherapy after cryoablation treatment.
Two additional patients were enrolled for
treatment; however, one patient was excluded prior to treatment because treatment planning included cementoplasty
of the target lesion and one patient was
excluded prior to treatment because the
third-party payer refused to cover treatment. The remaining 14 patients (eight
men, six women; age, 21–72 years;
mean age ⫾ [standard deviation], 54
years ⫾ 16) were treated with cryoablation.

Image Guidance
CT-guided procedures were performed
by experienced interventional radiologists (M.R.C., T.D.A., J.W.C., M.A.F.,
T.J.W., and T.P.M. with 4, 4, 24, 5, 20,
and 20 years of experience, respectively),
and postcryoablation examinations were
performed with a CT scanning system
(HiSpeed CT/i; GE Healthcare, Milwaukee, Wis) equipped with interventional
fluoroscopic hardware (SmartView; GE
Healthcare). CT examinations were performed with contrast material (iohexol,
Omnipaque 300; GE Healthcare). An intermittent CT-fluoroscopic technique
(120 kVp, 10 – 40 mA) was used for CTguided cryoprobe placement. MR imaging was performed with a 1.5-T clinical
imager (Signa; GE Healthcare), with
standard pulse sequences and contrast
material (Omniscan; GE Healthcare).
Both CT and MR postcryoablation images were examined by authors (M.R.C.,
T.D.A., J.W.C., and M.A.F.) to determine the extent of ablation and to evaluate for possible complications. Cryoprobe placement was performed with
ultrasonographic (US) guidance (Sequoia; Acuson, Mountain View, Calif).
Cryoprobe positioning was confirmed
by using a 2.5–5.0-mm section thick574

ness with a standard CT technique
(120 kVp, approximately 240 mA).
Postprocessing of CT images was performed with commercial three-dimensional software (Vitrea; Vital Images,
Plymouth, Minn).
When the bowel was within 1 cm of
the target lesion, a 7- or 15-cm-long,
19-gauge (5-F) catheter (Yueh; Cook,
Bloomington, Ind) with an open tip and
side holes was used for hydrodisplacement of the bowel by administering
sterile normal saline (20). Esophageal
dilation balloons (CRE Wireguided, 180
cm; Boston Scientific, Natick, Mass)
were also placed percutaneously with
US guidance to displace the bowel when
it was within 1 cm of the target lesion. A
13-gauge bone biopsy set (Osteo-Site
Murphy Diamond Bevel M2; Cook) was
used to access lesions through areas of
intact bone.

Pretreatment Patient Assessment
Prior to therapy with cryoablation, each
patient was assessed with the Brief Pain
Inventory (BPI)-Short Form (18,19),
which is a validated visual analog scale
for assessment of patient pain, and use
of analgesic medicine was recorded.
The BPI questionnaire asks patients to
rate their worst pain in 24 hours, least
pain in 24 hours, and average pain with
responses from 0 to 10 (0, no pain; 10,
pain as bad as you can imagine). Relief
of pain through the use of pain treatments or medications is scored on a
0%–100% scale (0%, no relief; 100%,
complete relief). Pain interference with
activities of daily living was evaluated
with questions concerning general activity, mood, walking ability, normal work,
relations with other people, sleep, and
enjoyment of life on a 0 –10 scale (0, no
interference; 10, completely interferes).
Each patient was asked to answer these
questions with respect to the lesion that
was to be treated.
A complete blood cell count and
prothrombin time were obtained between the same day and 14 days prior to
the procedure and within 24 hours after
the procedure. If no previous histologic
or cytologic proof of a lesion’s malignancy had been obtained, a percutaneous biopsy was performed prior to
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treatment. A radiation oncologic consultation was offered to the patient
prior to entry into the study if not already completed. Available CT, MR,
and US images acquired within the 4
weeks prior to the study were evaluated
for eligibility (pain from one or two metastatic lesions) and lesion accessibility
by one or more of the participating
radiologists (M.R.C., T.D.A., J.W.C.,
M.A.F., T.J.W., T.P.M.) prior to entry into the study. All patients were
physically examined by the radiologist
performing the procedure immediately
prior to treatment to determine the site
or sites of focal pain. Each patient’s history of previous chemotherapy and radiation therapy was recorded.

Treatment Procedure
All patients were treated after the administration of general anesthetic (Ultane;
Abbott Laboratories, Abbott Park, Ill).
After sterile preparation, one or more
cryoprobes (Perc-17, Perc-22, and Perc24; Endocare) were introduced through
a skin nick with CT (nine patients) or
both CT and US (five patients) guidance
by one or more of the participating
radiologists (M.R.C., T.D.A., J.W.C.,
M.A.F., T.J.W., T.P.M.). The cryoprobes were placed into the lesion to
be treated in a parallel arrangement
approximately 2 cm apart and for
complete coverage of the soft-tissue–
bone interface. Additional cryoprobes
were also placed within 1 cm of the
tumor margin to provide adequate coverage along the periphery of the lesion.
Cryoprobe positioning was confirmed
with CT imaging.
The Perc-24 cryoprobe is a sealed
2.4-mm-diameter (13-gauge [7.2-F]) needle that generates an ice ball measuring
up to 3.7 cm in diameter and up to 5.7 cm
along the probe shaft. Rapid freezing of
tissue with these cryoprobes is based on
rapid expansion of argon gas in a sealed
probe with a distal uninsulated portion.
This process results in rapid cooling
that reaches ⫺100°C within a few seconds. Active thawing of the ice ball is
achieved by actively instilling helium gas
into the cryoprobes instead of argon
gas. The system (Cryocare Surgical System; Endocare) allows the independent
Radiology: Volume 241: Number 2—November 2006
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operation of up to eight cryoprobes at a
time. The diameter of the ice ball generated can be controlled by the rate of gas
delivered to the probe.
A single cryoprobe was placed for
lesions 3 cm or less in diameter. For
larger lesions, two to seven additional
cryoprobes were systematically placed
with US and CT guidance. For lesions
⬎5 cm in diameter, the entire lesion
was not completely treated; rather, ablation treatments were focused on the
margin of the lesion involving bone to
treat the soft-tissue– bone interface. A
single freeze-thaw-freeze cycle was performed for each lesion, and a time
frame of 10 minutes, 8 minutes, and 10
minutes, respectively, was intended for
the cycle. Shorter or longer times were
used for the freezing portions of the cycle, which depended on the adequacy of
coverage of the lesion and the proximity
of adjacent critical structures. Unenhanced CT imaging (with body window
[400 HU] and level [40 HU] settings)
was performed approximately every 2
minutes throughout the freezing portions of the cycle to monitor the growth
of the ice ball. For each patient who was
treated, the lesion location, size of each
treated lesion, number and diameter of
cryoprobes used, and corresponding
freeze-thaw-freeze times were recorded.
Total cryoablation procedure time and total time in the CT suite were also recorded for each patient who was treated.
After completion of the final freeze
of the cryoablation procedure, the cryoprobes were warmed with active heating
by using helium gas until the temperature
reached ⬎20°C. The cryoprobes were
then withdrawn. Immediate pain after the
procedure was typically treated with intravenous fentanyl (Sublimaze; Abbott
Laboratories) and midazolam (Versed;
American Pharmaceutical Partners, Los
Angeles, Calif). If pain persisted or was
not adequately treated, oral analgesics
or a patient-controlled analgesic unit
was used and dose titrated to adequate
pain relief. If pain persisted beyond the
first 12–24 hours after treatment, the
patient’s intravenous analgesic requirement was converted to oral analgesics.
Pain medication use immediately after
the procedure and throughout the hosRadiology: Volume 241: Number 2—November 2006

pital stay was recorded for each patient
who was treated.

Patient Assessment after Treatment and
CT or MR Imaging
Patients were evaluated for pain severity and influence of pain on activities of
daily living by using the BPI-Short Form
(18,19). The patients completed the BPI
questionnaire with the assistance of a
study coordinator the day after the treatment. One study coordinator (K.J.B.)
was used for all interviews. The BPI
questionnaire was also completed 4
days after the procedure, weekly during
a telephone interview with a study coordinator for the following 4 weeks, and
every 2 weeks thereafter for a total of 6
months. The patients were not given a
copy of the BPI, and no prior responses
were available for review at subsequent
interviews in order to ensure accuracy
and minimize bias. Each patient was
asked to answer these questions with
respect to the lesion that was treated.
Analgesic use was also recorded during
each of these interviews.
Each patient underwent contrast
material– enhanced CT or MR imaging of
the treated region 4 – 6 weeks after the
treatment. MR imaging was performed in
patients with allergies to iodine-based
contrast material; CT imaging was performed in all other patients. This examination of the ablated region was performed for three reasons: (a) to evaluate
the change in appearance of the ablated
region, (b) to provide a baseline examination for subsequent CT or MR imaging
and potential cryoablation retreatment,
and (c) to capture possible late postcryoablation complications.
Statistical Methods
Design and procedures.—The initial efficacy observation period was 8 weeks
on the assumption that the effect of the
ablation would be observed within 8
weeks of the procedure. We used a supplementary observational period of 4
additional months to assess duration of
effect among those patients who experienced successful pain reduction within
the 8-week initial period.
Primary end points were the worst
pain in 24 hours and average amount of
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pain constructed from the weekly BPI
scores on a visual analog scale with a
score of 0 –10 (18,19). A secondary end
point was the percentage of patients
who were able to reduce use of analgesic medications.
The accrual goal for the study was
30 patients. An interim analysis was
planned once 15 patients provided evaluative data to determine the preliminary effectiveness, because this number
of patients would have provided 80%
power to detect a difference of two units
(on a 0 –10 scale for worst pain in 24
hours) on average. This interim evaluation was also planned to be used in consideration of stopping the trial early if
no patients derived benefit from cryoablation treatment. The interim analysis
was performed with 14 patients, rather
than 15, for two reasons: (a) ongoing
evaluation of the data suggested that the
effect of the treatment was more profound than a change in two units on
average and (b) a 2-month period without additional patient enrollment was
encountered.
Statistical analysis.—Analysis of the
primary end points was undertaken
with paired comparison procedures.
This involved paired t tests across individual time points supplemented by repeated measures analysis of variance.
The end points were further examined
by constructing an estimate, with associated confidence intervals (CIs), of the
proportion of patients who experienced
a drop of at least three points on the
pain scale from that at the pretreatment
level. Similar comparisons were performed by using the additional BPI questions regarding quality of life. Findings
with P ⱕ .02 were considered to indicate a statistically significant difference.
Missing values were addressed in
various ways, including complete-case
analysis and imputation according to
the nearest neighbor, mean value, last
value, and worst-value-carried-forward
approaches (21,22). Multiple approaches
were used so that the sensitivity of results
to alteration in imputation assumptions
could be assessed. Statistical analysis
was performed with dedicated software
(SAS, version 8.0, 1999; SAS Institute,
Cary, NC).
575
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Results
General
Four patients were followed up for at
least 24 weeks. Three patients died during the first 24 weeks of the study (4,
14, and 15 weeks after the procedure)
of causes unrelated to the cryoablation
treatment. Two patients were excluded
from further follow-up— one at 3 weeks
and one at 4 weeks— because of the
need for further chemotherapy, one
patient was excluded from further follow-up because of the need for radiation therapy, and one patient was excluded from further follow-up because
of the need for repeat cryoablation of
the same painful lesion. At that time,
the remaining three patients remained
in the study at 6, 14, and 20 weeks of
follow-up beyond their cryoablation
treatment date.
All treated lesions involved bone
with osteolytic bone destruction (Table)
(patients 1, 3– 8, 10 –14) or periosteal
reaction and a soft-tissue mass (patients
2 and 9). A single lesion was treated in
10 patients, and two lesions were treated
in four patients. Metastatic lesions involv-
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ing the ribs (n ⫽ 5), chest wall (n ⫽ 3),
clavicle (n ⫽ 2), sacrum (n ⫽ 2), iliac
bone (n ⫽ 2), femur, scapula, vertebral
lamina, and acetabulum were treated.
These metastatic bone lesions included
three renal cell carcinomas, two rectal
carcinomas, two paragangliomas, and a
non–small cell lung carcinoma, a squamous cell carcinoma, an ovarian carcinoma, a medullary thyroid carcinoma,
an adrenal cortical carcinoma, a melanoma, and a desmoid tumor. Treated
lesion sizes ranged from 1.0 cm in diameter in a rib and in the chest wall to
approximately 11.0 cm in diameter in
the sacrum (Table). All patients were
treated during a single session. The
number of cryoprobes used for the ablation procedure ranged from one to
seven (mean, 2.8 cryoprobes ⫾ 1.6).
The total cryoablation procedure time
ranged from 83 to 280 minutes (mean,
139 minutes ⫾ 53). The total time required in the CT suite for the procedure
ranged from 125 to 320 minutes (mean,
185 minutes ⫾ 56).
Four (29%) of 14 patients underwent both chemotherapy and radiation
therapy prior to treatment with cryoablation. Three (21%) of 14 patients un-

derwent radiation therapy but not chemotherapy. Two (14%) of 14 patients
underwent chemotherapy but not radiation therapy. Five (36%) of 14 patients
did not undergo either chemotherapy or
radiation therapy. Ten (71%) of 14 patients were currently taking oral analgesic medications for pain; eight (80%) of
these 10 patients were taking opioid analgesic medications. The remaining four
(29%) of 14 patients refused oral analgesic medications or had not taken
these medications in the 24-hour period
prior to the cryoablation procedure.
Postprocedural pain control was
managed with patient-controlled opioid
analgesia in five (36%) of 14 patients
during the immediate postprocedural
recovery period. No patients required
placement of an epidural catheter during the immediate postprocedural recovery period or during their hospitalization.

Complications
There were no major complications associated with the procedures. For each
patient, contrast-enhanced CT or MR
imaging at 4 – 6 weeks after the procedure showed an area of unenhanced

Characteristics of Patients, Treated Lesions, and Cryoablation Procedures

Patient
No.

576

Primary
Neoplasm
Age (y)/ Location or
Sex
Type

1
2
3
4

44/F
53/F
72/M
60/F

5

72/M

6
7
8
9

21/M
42/M
67/F
55/M

10

31/F

11
12
13
14

45/F
47/M
68/M
72/M

Paraganglioma
Ovary
Kidney
Squamous cell

Lesion Treatment
No.
Location

1
1
1
1
2
Lung
1
2
Desmoid
1
Thyroid
1
Adrenal gland 1
Melanoma
1
2
Paraganglioma 1
2
Rectum
1
Rectum
1
Renum
1
Renum
1

Lesion Size (cm)
Right to
Craniocaudal Left
Anteroposterior

Clavicle
4.0
Ilium
3.1
Rib
4.0
Rib
7.0
Rib
8.5
Lamina
2.2
Acetabulum 2.0
Chest wall
5.8
Ilium
2.4
Rib
7.0
Chest wall
3.0
Chest wall
1.0
Scapula
3.0
Rib
1.0
Sacrum
4.0
Sacrum
11.0
Clavicle
5.0
Femur
5.3

4.0
3.1
6.2
4.2
9.0
2.8
1.4
9.1
2.0
3.6
3.1
1.0
2.3
1.0
9.0
8.5
6.1
3.4

1.8
3.1
4.4
4.4
6.1
2.2
2.0
6.4
3.7
7.0
2.3
1.0
3.7
1.0
4.0
10.2
5.2
3.4

Cryoprobes
Used
Diameter
No. (mm)

Procedure Time (min) Total
First
Second Procedure Total Room
Freeze Thaw Freeze Time (min) Time (min)

2
2
4
2
3
3
2
4
2
3
1
1
3
1
5
7
2
3

10
8
10
10
12
4
10
10
12
13
12
4
10
8
12
12
12
10

2.2
2.4
2.4
2.4
2.4
2.2
2.2
2.4
2.4
2.4
2.4
2.2
2.4
2.4
2.4
2.4
2.4
2.4

10
5
9
5
5
10
5
7
5
10
10
4
7
4
7
11
8
5

15
8
10
7
7
1
10
21
15
10
10
2
10
5
11
10
16
10

123
107
87
218
...

192
127
142
256
...

135
...

190
...

150
111
147
83
...

232
173
160
125
...

280
...

320
...

120
165
106
115

180
219
135
145

Radiology: Volume 241: Number 2—November 2006

VASCULAR AND INTERVENTIONAL RADIOLOGY: Cryoablation of Bone Metastases

low-attenuating tissue, consistent with
necrosis, corresponding to the placement of the cryoablation probes. These
cross-sectional images depicted no major complications that resulted from the
procedure in these 14 patients.

Effect of Cryoablation on Patient Pain
The primary method used to determine
the effect of cryoablation on painful
metastatic lesions was the BPI (18,19).
The frequency of missing data was minimal. One patient had a value missing
for day 1 because the patient was moved
to an intensive care unit as a result of a
persistent, high level of pain that was
unchanged after the cryoablation procedure. The first four patients had values
missing for day 4 because the initial pro-

tocol design did not include a patient
interview for that day. One additional
patient had a value missing for day 4.
Only one patient had a missing value at
week 1. Sensitivity and intent-to-treat
analyses to adjust for missing values did
not change the results.
The mean patient response for
worst pain in 24 hours prior to cryoablation treatment was 6.7 of 10. At 1, 4,
6, and 8 weeks after treatment, this
mean response dropped to 5.8 (P ⫽
.236), 3.8 (P ⫽ .0003), 2.5 (P ⫽ .001),
and 3.4 (P ⫽ .007), respectively (Fig 1,
top). From baseline to week 4, seven
(64%) of 11 patients (exact binomial CI:
31%, 89%) experienced at least a threepoint decrease in worst pain. During the
follow-up period of 24 weeks, 12 (86%)
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of 14 patients (exact 95% binomial CI:
57%, 98%) reported at least a threepoint drop in worst pain during the past
24-hour period. Additionally, we evaluated the pain scores of patients during
the immediate postprocedural period
and at week 1. Eight (62%) of 13 patients experienced an increase or no improvement in their worst pain in the
24-hour period after cryoablation. Eight
(62%) of 13 patients reported an increase or no improvement in their
worst pain 1 week after cryoablation
(Fig 1, bottom). Individual patient responses varied during the course of the
follow-up period; a gradual downward
trend occurred for most patients.
The mean patient response for average pain prior to cryoablation treat-

Figures 1, 2

Figure 1: Graphs show worst pain during 24 hours for 14 patients treated with
cryoablation, as measured with BPI. Top: Mean responses for all patients (error bars ⫽
95% CIs, N ⫽ number of patients who completed BPI questionnaire). Bottom: Individual responses for each patient. Week 0 is response prior to treatment.
Radiology: Volume 241: Number 2—November 2006

Figure 2: Graphs show average pain for patients treated with cryoablation, as
measured with BPI. Top: Mean responses for all patients (error bars ⫽ 95% CIs,
N ⫽ number of patients who completed BPI questionnaire). Bottom: Individual
responses for each patient. Week 0 is response prior to treatment.
577
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Figures 3, 4

Figure 3: Graphs show pain interference for patients treated with cryoablation,
as measured with BPI. Top: Mean responses for all patients (error bars ⫽ 95%
CIs, N ⫽ number of patients who completed BPI questionnaire). Bottom: Individual responses for each patient. Week 0 is response prior to treatment.

ment was 4.5 of 10; at 1, 4, 6, and 8
weeks after treatment, this mean response dropped to 3.6 (P ⫽ .089), 2.4
(P ⫽ .003), 1.4 (P ⫽ .0002), and 2.0
(P ⫽ .008), respectively (Fig 2, top).
From baseline to week 4, four (36%) of
11 patients (exact binomial CI: 11%,
69%) experienced at least a three-point
decrease in average pain. During the
course of the follow-up period of 24
weeks, 11 (79%) of 14 patients (exact
95% binomial CI: 49%, 95%) reported at
least a three-point drop in average pain.
As was seen for individual responses to
worst pain, the individual corresponding
responses for average pain (Fig 2, bottom) also varied during the follow-up
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Figure 4: Graphs show relief from pain treatments or medications for patients
treated with cryoablation, as measured with BPI. Top: Mean responses for all patients (error bars ⫽ 95% CIs, N ⫽ number of patients who completed BPI questionnaire). Bottom: Individual responses for each patient. Week 0 is response
prior to treatment.

period; a gradual downward trend occurred for most patients.
The mean score for interference of
pain on activities of daily living (Fig 3,
top) prior to cryoablation treatment
was 5.5 of 10; 1, 4, 6, and 8 weeks after
treatment, this mean response dropped
to 5.2 (P ⫽ .954), 3.2 (P ⫽ .004), 2.4
(P ⫽ .002), and 2.4 (P ⫽ .013), respectively. Four weeks after the cryoablation treatment, five (45%) of 11 patients
(exact 95% binomial CI: 17%, 77%) experienced at least a three-point reduction in mean score for interference of
pain on activities of daily living. During
the follow-up period, six (43%) of 14
patients (exact 95% binomial CI: 18%,

71%) experienced at least a three-point
reduction in mean score for interference of pain on activities of daily living.
The average relief from pain provided by using treatments or medications prior to cryoablation treatment
was 57%; 1, 4, 6, and 8 weeks after
treatment, this averaged response was
56% (P ⫽ .916), 71% (P ⫽ .206), 87%
(P ⫽ .005), and 79% (P ⫽ .310), respectively. Individual patient responses
varied during the follow-up period; a
gradual improving trend of pain relief
from pain medications and treatments
occurred for most patients (Fig 4).
A secondary measure of the effect of
cryoablation treatment on pain was the
Radiology: Volume 241: Number 2—November 2006
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change in each patient’s use of analgesic
medications. Ten (71%) of 14 patients
reported the use of analgesic medications prior to the procedure. The remaining four patients entered the study
without the use of analgesic medications. Eight (80%) of the 10 patients
who reported the use of analgesic medications were using opioid medications.
No statistically significant change in
morphine-equivalent dose was observed on average for these eight patients during the follow-up period. P
values were .61, .14, .22, and .38 at
weeks 1, 4, 8, and 12, respectively.
During the follow-up period, however,
all eight (100%) patients who were
prescribed narcotics (exact 95% binomial CI: 63%, 100%) reported a 6%–
100% reduction in the use of opioid
analgesic medication some time after
cryoablation. Four weeks after the
cryoablation treatment, all six (100%)
patients (exact 95% binomial CI: 54%,
100%) reported a reduction in the use
of narcotic pain medications. Two
(50%) of four patients (exact 95% CI:
5%, 85%) who were not receiving analgesics at baseline reported opioid
analgesic use at week 4. Two patients
did not complete the 4-week follow-up
interview; one patient died and one
patient was removed from the study
because of initiation of chemotherapy.

Discussion
External-beam radiation therapy is the
standard of care for patients with localized bone pain. An extensive review of
radiation therapy for the palliation of
painful bone metastases found complete
pain relief at 1 month in 25% of patients
and at least 50% relief in 41% of patients at some time during the trials
(23). In a large prospective trial of 1016
patients conducted by the Radiation
Therapy Oncology Group, radiation
therapy resulted in complete relief in
53% and partial relief in 83% of the
patients studied (24). Steenland and
colleagues (25) found the median time
to a two-point reduction in pain in those
who did respond to therapy was 3
weeks; however, approximately 35% of
these patients did not obtain relief until
Radiology: Volume 241: Number 2—November 2006

5–20 weeks after treatment. Comparison of our patient response scores after
cryoablation to data reported after the
treatment of patients with radiation
therapy is difficult because the methods
for measuring patient pain response after radiation therapy do not correspond
directly to those of the BPI used for this
study, and the number of patients in this
study is small. Cryoablation can result
in substantial pain reduction, however,
as shown with a 43% mean reduction in
worst pain at 4 weeks which is considered to be clinically important (26). Patients also reported pain relief 4 weeks
after cryoablation that ranged from
50% to 100%, which compares favorably with the reported radiation therapy
response.
Unfortunately, pain relief from radiation therapy is often transient. The Radiation Therapy Oncology Group study
found recurrence of pain in 57% of patients at a median of 15 weeks after
completion of radiation therapy (24).
Steenland and colleagues (25) found
that of those who initially experienced
pain relief, 49% experienced a return to
the initial pain score or higher in a median time of 8 –36 weeks (overall median, 20 –24 weeks) as a function of the
type of tumor treated. Furthermore, patients who have recurrent pain at a metastatic site previously irradiated may
not be eligible for further radiation therapy because of limitations in normal tissue tolerance. Whereas return of pain
after radiation therapy is common, the
patients treated with cryoablation in
our study appeared to have durable pain
relief; four (80%) of five patients reported excellent pain control in the
treated lesion during the 24-week follow-up period. One patient reported
transiently increased pain scores at the
24-week follow-up interview but during
the following 6 months reported worst
pain scores of 0 –3 of 10, which indicates durable pain control. A randomized prospective trial comparing cryoablation with radiation therapy would
be necessary to determine the relative
effect of these treatments on patients’
pain.
The patients who were treated in
our study have substantial pain from
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metastatic skeletal disease; however,
this group is heterogeneous with respect to size, location, and neoplasm
type that was treated. Rectal and renal
cell carcinomas were the most frequently treated tumor types in this
study. Notably absent are breast and
prostate cancers, which are relatively
common cancers and are cancers that
often metastasize to the bone. Patients
with prostate cancer most typically have
sclerotic lesions and often have widely
metastatic disease when they have pain.
It is possible that cryoablation would be
amenable to certain patients with sclerotic prostate metastases that are focally painful, because the ice ball is able
to penetrate deeply into bone whereas
RF ablation penetrates poorly into bone.
It would be important to test the safety of
this procedure, however, before practice
could be recommended. Patients with
breast cancer and metastatic skeletal
disease often have lesions amenable to
percutaneous ablation such as osteolytic or mixed sclerotic and osteolytic
lesions, but these patients were not
represented in this study.
We found that cryoablation of skeletal metastases is a time-consuming
procedure. On average, the total time
for positioning the patient, placing the
cryoprobes, conducting the freeze-thawfreeze portion of the treatment, rewarming the cryoprobes, removing the cryoprobes, and securing the skin insertion
sites was 2 hours 19 minutes. The total
time in the CT suite for the procedure
averaged 3 hours 5 minutes. This additional 46 minutes in the CT suite was the
result of administration of general anesthetic, which included induction and extubation of the patients in the CT suite. The
overall time for the procedure could be
substantially reduced with the use of conscious sedation rather than general anesthetic. Despite the use of only a single
freeze-thaw-freeze cycle and the average use of 2.8 cryoprobes for the procedure, the time necessary for this procedure is greater than that necessary for
the RF ablation procedure of similar patients. In a prior study of RF ablation,
the average ablation time was 46 minutes, the average time in the CT suite
was 2 hours 14 minutes, and the aver579
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age number of electrode needle placements was 4.5 (4).
Cryoablation treatments require
more time than does RF ablation for
several reasons. Although RF ablation
of painful lesions often requires multiple
overlapping ablations, the time necessary for each separate RF ablation is
short (5–10 minutes). By necessity, a
typical cryoablation treatment requires
25–30 minutes for the freeze-thawfreeze cycle and an additional 10 minutes for cryoprobe warming prior to
withdrawal. Depiction of the RF ablation margin is not possible with CT; depiction of the ice ball from cryoablation,
however, is readily achieved. As a result, additional time was often used in
this study to maximize the ablation margin with several freeze cycles that extended beyond 10 minutes. Additionally, because it is possible to shape the
ice ball by using strategic placement of
two or more cryoprobes, greater time
was used in the cryoprobe placement
portion of the procedure. We believe
that the overall time required for cryoablation could be reduced with the use
of conscious sedation rather than general anesthetic, which is required with
RF ablation.
Our study had several limitations.
First, we used cryoprobes and a controller from one manufacturer. Other
cryoprobe designs may work equally
well, or possibly better, in the treatment of these patients. Second, the parameters used for the cryoablation were
based on depiction of the ice ball encompassing the targeted bone–soft-tissue interface, which indicates complete
treatment of the tumor, when technically feasible. It is possible that better
pain relief would be achieved on average if a greater portion of the larger
metastatic lesions had been treated. Finally, no patients at risk for fracture of a
weight-bearing bone (⬎50% cortical
bone loss) were treated. All patients
who were at risk for fracture of a
weight-bearing bone were treated outside of the study by using cryoablation
followed with application of bone ce-
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ment. It is possible that this subset of
patients would have had a different
response to the treatment than did the
group of patients included in this study.
Our findings suggest that cryoablation is a safe and effective treatment for
the palliation of painful metastatic lesions that are refractory to standard
therapies. Most important, the activities of daily living for these patients are
improved with this therapy. Prospective
comparison studies of cryoablation and
radiation therapy may be useful to distinguish the relative benefits of these
therapies for palliation of painful metastatic lesions.
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