Lin et al. BMC Medical Imaging (2023) 23:151 BMC Medica| |mag|ng
https://doi.org/10.1186/512880-023-01110-6

The safety and response of CT guided e

percutaneous cryoablation for lung nodules
by 17-gauge needles

Wei-Chan Lin"?", Po-Ju Chen'?, Shelly Yim'?, Hsueh-Han Wang ', Pen-An Liao'?, Chia-Yu Tai'? and
Ming-Hong Yen'?

Abstract

Background The safety and efficacy of 17-gauge needles used in CT-guided percutaneous cryoablation for lung
nodules were explored in this study. The purpose of the study was to compare the findings with earlier research
and multi-center clinical trials that used various needle sizes.

Methods Between 2016 and 2020, a retrospective study was conducted with approval from the institutional review
board. A total of 41 patients were enrolled, and 71 lung nodules were treated in 63 cryoablation procedures using
local anesthesia. Complication rates were recorded, and overall survival rates as well as tumor progression-free rates
were calculated using the Kaplan-Meier method.

Results Self-limited hemoptysis was caused by 12.9% of the procedures, and drainage was required for pneumo-
thoraces resulting from 11.3% of them. The overall survival rates at one, two, three, and four years were 97%, 94%,
82%, and 67%, respectively. The tumor progression-free rates at one, two, three, and four years were 86.2%, 77%, 74%,
and 65%, respectively.

Conclusion Cryoablation for lung nodules using 17-Gauge needles can achieve similar rates of survival and tumor
control rates, similar or even lower complication rates as compared with other studies and multi-center trials using
mixed sized needles.
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Background [1-6]. Some individuals, however, may not be suitable
For patients with a history of cancer who develop new  surgical candidates due to personal medical conditions,
lung nodules, surgical resection is frequently considered  such as inadequate pulmonary function or a history of
for both pathological evidence and therapeutic benefits repeated operations. In such cases, non-surgical alterna-
tives, such as systemic drug therapy, radiotherapy, and
percutaneous tumor ablation, are considered [3, 7-12].
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by these techniques when image-guided. [13-15, 21-23]
CA, in particular, is unique among the three methods
because it produces visible ground glass opacity (GGO)
due to frozen lung tissue (ice ball) in computed tomog-
raphy (CT). This unique phenomenon has been utilized
to estimate technical success and assess tumor treatment
outcomes [17, 24, 25]. Furthermore, compared to ther-
mal ablation methods, CA induces less pain during the
procedure [2, 12, 17, 19, 22, 24-26]. Numerous large-
scale studies and multi-center clinical trials [15, 24-28]
have already examined the safety and viability of CA,
revealing promising outcomes in terms of local tumor
control and overall survival rates. In addition to exam-
ining the procedure’s complications, these studies [25,
27, 28] uncovered comparable complication rates across
various ablation techniques for lung tumors. It is well
known that complication rate of CT guided intervention
is directly associated with needle size [29]. However, the
potential impact of using different needle sizes (ranging
from 13 to 17 gauge) in these trials has not been suffi-
ciently addressed in terms of evaluating complications
and treatment response [25, 27, 28, 30]. Therefore, the
objective of this study is to assess whether the exclusive
use of 17-gauge needles in cryoablation leads to different
treatment responses, survival outcomes, and procedure-
related complications for lung tumors.

Materials and methods

Study ethics

The Institutional Review Board (IRB) of our hospital
granted approval for this investigation (approval number:
107,045). Patients who underwent cryoablation (CA) at
our hospital between 2016 and 2020 were included in this
retrospective study. An signed agreement was obtained
from each patient which documented a thorough expla-
nation of the limitations and potential risks associated
with CA. The limitation are : CA is a local regional treat-
ment and there is possibility of residual or recurrent
tumor. The risks discussed encompassed pneumothorax,
hemoptysis, pleural effusion, needle tract tumor seed-
ings, procedure-related frostbite, infection, and fistula
formation.

Patients

Patients were referred for CA for management of lung
nodules from chest surgeon, when not eligible for sur-
gical treatment. Theare are certain conditions that sur-
gery is not recommended such as insufficient pulmonary
function, personal refusal by the patients, or the sur-
gery is excluded by the guidelines. The process of shared
decision making was well-documented in the medical
records. Patients who were referred for this study had
a medical history of confirmed primary cancers and
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presented with newly developed or growing lung nod-
ules, as observed in three or more sequential computed
tomography (CT) studies. Some patients had undergone
prior surgical removal of pre-existing pulmonary nod-
ules. The indications for referrals and the demographic
information of the enrolled patients are summarized in
Table 1.

The exclusion criteria were: ECOG performance status
score equal to or more than 3, uncontrollable bleeding
tendency with international normalization ratio (INR)
more than 1.5. The patients who were not capable to hold
his/her breath or hold still position. Evidence of progres-
sion of primary or metastatic tumor outside the lung;
Patients with medical evidence of active infection.

Cryoablation procedure

In this study, all cryoablation procedures were performed
in the CT scanning room. Patients receiving antiplatelet
therapies such as Aspirin or Clopidogrel (Plavix; Bristol-
Meyers Squibb, New York, New York) were required to
discontinue these medications 7 days prior to the cry-
oablation procedure. Local anesthesia was administered
using 10-20mL of 2% Lidocaine injection. We utilized
17-gauge cryoablation needles (ICE ROD and ICEROD
plus, Galil Medical, Yokneam, Israel) for the procedures.
The positioning of patients varied between supine, prone,
or decubitus positions to optimize the insertion route of
the needles. CT scans were performed using a Philips
brilliance 64 scanner (Philips Medical Systems, Nether-
lands). A non-contrast enhanced CT scan with a helical
mode was initially conducted, with a 5 mm slice thick-
ness and no gaps, at the start of the cryoablation proce-
dure. This was followed by a 3 mm slice thickness after
the CA needle was punctured through the skin, utiliz-
ing a tube voltage of 120Kv and a current of 89mA. The
cryoablation procedure consisted of a freezing phase
of 3 min, followed by a passive thawing phase of 3 min.
This was then repeated with a freezing phase of 7 min,

Table 1 Baseline characteristics of patients (N=41, 73 tumors
treated)

Characteristics Value

65.8+8.39 (50-82)
21:20

Age: Mean +SD (range ) years old
SEX M:F
Indications for referrals(n)

Primary lung cancer post operation 20

Extrapulmonary malignancy 15(8 colon,7 other location?)

with pathology proved lung metastases

Growing lung nodule with cancer
history

6 (2 colon cancers,4 lung cancers)

21 renal cell carcinoma, 1 urothelial cancer, 1 thymic cancer, 1 salivary gland
cancer, 1 prostate cancer, 1 pancreas cancer and one perineal leomyosarcoma
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a passive thawing phase of 7 min, and finally a freezing
phase of 10 min, followed by a 3-minute active thawing
phase. CT studies of the entire lung were conducted prior
to the cryoablation procedure (pre-CA CT), followed
by CT studies of the ablation region after each thawing
cycle to monitor the evolution of the iceballs. A post-
procedure CT of the entire lung was performed after all
the needles were removed. Our criterion for adequate
cryoablation was to keep the tumors within a 5 mm mar-
gin of the minus 40 Celsius ablation zone, as specified in
the cryoablation needle user manual published by the
manufacturer (Galil Medical, Yokneam, Israel). The cry-
oablation procedure was performed by a board-certified
radiologist with 20 years of experience in cross-sectional
intervention (WCL).

Safety and procedure related complication

Complications such as pneumothorax or hemopty-
sis were recorded by chart during and after the proce-
dure. The criteria for pneumothorax is the presence of
any newly found radiolucency between pleura and the
lung parenchyma during and after CA procedure by
CT. Hemoptysis was recorded on our Access database
(Microsoft, WA, USA) when coughing with bloody spu-
tum despite its amount was found during procedure.
Any complaints by the patients during the CA procedure
was also recorded on our Access database. Chart review
was done for a period of 30 days following discharge to
look for any documented discomfort or finding that may
fall in the criteria by Common Terminology Criteria for
Adverse Events (CTCAE)v3.0. The days of hospitalization
was defined as the date of discharge minus the date the
patient was admitted to ward.

Follow up protocols and treatment response evaluation

Follow up CT imaging after the CA procedure was done
at three months interval. The 3-month post-cryoablation
CT served as the baseline study for subsequent CT com-
parisons. This follow up protocol is in accordance with
Taiwanese National Health Insurance Reimbursement
Standards, which is also similar to the protocols men-
tioned in the ECLIPSE trial and in other articles [3, 8].
The scanning protocols were mentioned in the section
of cryoablation procedure in Methods. The treatment
response evaluation was performed using m-RECIST
criteria for post ablated tumors, which was defined in
detailed at SOLSTICE and ECLIPSE study [27, 28]. In
brief, one should compare the largest diameter of the
ablated tumor between the baseline study and the latest
scan available. Complete response (CR)of index tumor(s)
was defined as tumor ablation zone disappearance or
reduction of at least 75%, partial response (PR) was
defined as 30-75% decrease in size, stable disease(SD)
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was defined when there was less than 30% decrease and
less than 20% increase in size, and local failure(LF) was
designated as an increase of greater than 20% compared
with the smallest diameter (nadir). Local tumor efficacy
recorded as (CR), (PR), (SD) (LF) accordingly. The exam-
ples of the radiology evidence of complete response and
local failures were shown in (Figs. 1 and 2). The treatment
response was interpreted and recorded in the formal
reports by four board certified radiologists with more
than 10 years of thoracic CT imaging (WCL SHW PAL
CYT).

Statistics

Statistical analysis

We used SPSS software 26.0(SPSS, IL, USA) for statistical
evaluation of outcome, patient demographics, and com-
plication calculation. We have recorded continuous vari-
ables in mean, standard deviation (S.D.), minimal (MIN)
and maximal value (MAX). The CA procedure time was
defined as the time of first CT image was scanned to the
time of procedure whole lung CT was scanned. The days
of hospital stay were recorded as the interval between the
patient was admitted and discharged, the days patient
have spent in the hospital after the CA procedure were
also calculated and recorded the way mentioned in SOL-
STICE study [28].

Kaplan Meier method in the survival analysis func-
tion was chosen to calculate survival rates and tumor
progression free rate at time points of 12 months, 24
months,36months and 48 months after CA procedure.
In Kaplan Meier Methods, 95% confidence interval was
chosen in the option list. The period of survival was cal-
culated from the day of the first ablation procedure to
time of death.

In the Kaplan Meier method, death by a direct or indi-
rect consequence of lung cancer is designated as event as
in the survival rate analysis and the patient who are still
alive or loss of follow up were censored according to the
chart review. The period of tumor progression free was
calculated as the time from CA procedure to local fail-
ure. The tumor local failure was designated as event and
loss of follow up was censored in the tumor progression
free study, and the patients without progression were
censored at the time of death or at the date of their last
visit. The dates of the last OPD visit were updated until
the end of 2020.

Results

Patients and CA procedures

Between Jan 2016 and July 2020, a total of 41 patients
(21 males and 20 females) were recruited for CA pro-
cedure. Five patients with 6 targets were excluded from
survival and local tumor control study, four patients
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Fig. 1 Complete response of nodule treated by CA procedure. A patient who was operated for renal cell carcinoma (RCC) and was confirmed

with RCC metstasis at right lower lung (RLL) by opeartion. The patient developed a new 0.6 cm nodule at RLL.(a, marked by white arrow). The
17-Gauge cryoablation needle was punctured through the nodule, and the needle tip was placed at 2 cm distal to the nodule (b). CT image at axial
and coronal planes obtained immediately at the end of the cryoabltion (CA) session showed complete coverage of the nodule by the ground

glass opacity (¢, marked by white arrow). Serial coronal CT images of the nodule at following time points: before cryoablation, 3 months

post cryoablation and 3 years and 4 months after cryoablation (d and f), respectively. CT imge at f showed fine linear fibrosis which indicates

complete response of the treated tumor

were excluded as a consequence of their referral for
tumor debulking, and the remaining two patients were
lost in follow up study without base line post procedure
CT. Out of the 41 patients, 9 did not undergo systemic
therapy due to factors such as advanced age, personal
choice, and impaired renal function. The treated nod-
ules can be considered as metastases from primary
lung cancers (total of 20 patients), or from malignan-
cies other than lung (8 colon cancers, 1 renal cell car-
cinoma,1 urothelial cancer, 1 thymic cancer, 1 salivary
gland cancer,1 prostate cancer, 1 pancreas cancer and
one perineal leomyosarcoma) because these patients

had previous pathology proved lung metastases. Also
there were patients were treated with CA for they had
prior cancer history with progressive growing lung
nodule (2 colon cancers and 4 lung cancers). The char-
acteristics of the patient involved were summarized in
Table 1. A total of 62 procedures were performed for 73
tumors. We used a mean of 1.5 needles for each tumor,
mean and range 1.5+ 0.84(1-4) and an average of 1.16
tumor was treated at a single procedure. The mean
tumor diameter is 1.48 cm. Mean days of hospital stays
after the CA procedure is 2.27. Further details of CA
procedure were documented in the Table 2.
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Fig. 2 Local failure of nodule treated by CA procedure. A patient who was a victim of salivary gland cancer. This patient underwent surgery

on the left lower lung (LLL) to remove a metastatic lesion, and subsequently developed a new nodule at LLL. CT images at axial plane shows

the nodule before CA procedure (a, marked by white arrow). b shows the pigtail was inserted for drainage (curved arrow) accompanied

by adjacent pneumothorax, and the cryoablation needle was punctured through the nodule (white arrow). The ground glass opacity represented
outer border of the ablation zone is less than 0.5 cm at medial aspect of the target tumor(white arrow in c). The verdict of local failure

was established after the comparison between the CT images at 3months and at Tyear-4 month after CA procedure. (d and e, indicated by white

arrows)

Table 2 Details about cryoablation procedures (N=41, 73 tumors treated)

Characteristics Value

Number of tumors 73

Number of Procedures 62

Numbers of Needles Used Per Tumor Mean +SD (range) 1.5+0.84(1-4)
Number of Tumors Treated In One Procedure, Mean +SD (range) 1.16+0.37(1-2)

Number of Tumors Treated Per Patient, Mean +SD (range)
Mean Tumor Diameter+SD (range ) cm
Mean Procedure Time +SD (range), minutes
Mean Days of Post Procedure Hospital Stay, days (range)
Complication of CA Procedure
Rate of Pneumothorax Per Procedure
Rate of Pigtail Drainage For Each Episode of Pneumothorax
Rate of Pigtail Drainage for pneumothorax per procedure
Rate of Hemoptysis Per Procedure

149+1.05 (1-6)
148+1.22(04-6.7%)
103.24+383(58-2329)
227(1-11)

51.6% (32/62)
21.8% (7/32)
11.3% (7/62)
12.9% (8/62)

2 for debulking purpose
b Second CA followed first CA in one procedure

CA procedure related complications

Technical success was accomplished in 60/62(96.7%)
procedures. Technical success was not achieved in two
patients with two targets in each patient. Rapidly evolv-
ing pneumothorax during procedure was accountable
for the failure to form the complete coverage of the tar-
get tumors in one patient. These four targets from the

technical failures all contributed to local failure in the
follow up.

For immediate and delayed complications of CA pro-
cedure, pneumothorax was found in 32 out of 62(52%)
procedures while 7 out of 32 procedures require pigtail
drainage. Hemoptysis was found in 8 out 62 procedures
(12.9%), which were all self-limited and the hemoptysis
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ceased during or after procedure without further man-
agement. No delayed complication or discomfort such as
fever, infection, local paresthesia, skin frostbite, fistula or
focal hematomas was complained according to the chart
review between the date one day after CA procedure and
the date of his or her first OPD follow up which usually
took place one or two weeks after discharge from ward
(Table 2).

The survival analysis and therapeutic effect evaluation

In the study period, two patients have passed away in the
first two years after their CA procedures. One of them
passed away in the first year, the other one passed away
in the second year. The survival curve using Kaplan Meier
method was shown in (Fig. 3) which shows survival prob-
ability is 97% at first year and 94% at second year, 82% at
third year and 67% at fourth year.

According to the M-RECIST criteria, after five
patients with six targets were excluded from the sur-
vival and tumor control study, there were 23 treated
tumors showed complete response (CR),3 showed partial
response (PR),27 showed stable disease (SD) 14 tumors
were found to have local failure in 67 tumors, (Fig. 4).
The local tumor progression-free response (local tumor
efficacy) of the treated tumors was at 86.2% at 12 months
and 77% at 24 months, 74% at 36 months and 65% at 48
months.
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Discussion

Survival and tumor control rates

In this study we have shown the one- year, two-year,
three-year, and four-year overall survival rate was 97%,
94%, 82% and 67%, respectively. These overall survival
rates were comparable with the results reported in the
multi-center clinical trials and other studies(97.6% at first
year and 86.6% at second year by SOLSTICE study, 97.5%
at first year and 84.3% at second year by ECLIPSE trial,
and 89.4% at first year and around 85% by Moore, et al.,
respectively) [15, 19, 25-28]. Although the three year
overall survival rate of 82% in our study showed slight
higher than the similar studies (78% in Moore, et al. and
63% in ECLIPSE), the differences may be too small to be
of statistical significance [19, 28]. These similar survival
rates in different studies may indicate that CA procedure
can yield similar survival despite primary or metastatic
origin of the target lung nodules and various needle sizes
(Table 3).

Secondly, in this study we have shown the tumor
progression free rates were 86.2% at first year, 77% at
second year. According to the statements mentioned
in the studies by de Baere et al., direct comparison for
local tumor control rate is difficult between different
studies [25]. In this study, our tumor progression free
rates at the first year was comparable with the numbers
presented in these clinical trials (Table 3) [25, 27, 28].
The relatively larger mean tumor size (1.48 cm versus

1000 1500 2000

TIME_DAYS_

Fig.3 Overall survival of the patients after the percutaneous cryoablation of pulmonary nodules
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Fig.4 Time to progression for the treated nodules

1.4 cm in ECLIPSE study) may have contributed to the
slightly lower local control rate found by our study.
(86% versus 94% in ECLIPSE at first year) [27, 28]. In
an article by Yashiro et al., which has reported the local
control rate of 80.4% at first year and 69.0% at second
year for lesions with mean size of 1.28 cm [15]. Fur-
ther investigation regarding the likelihood of local
failure in CA procedure when correlated with sizes of
tumors may be of great clinical significance. There are
reports discussing the correlation between cryoablation
needle size and the resulting ablation zone, [31] these
reports have not definitively elucidated the direct influ-
ence of needle size on tumor control efficacy. Our find-
ings, which showed similar rates of survival and tumor
control when compared with other studies and clinical
trials, suggest that the data reported in these previ-
ous trials and studies may not have been significantly
affected by variations in the sizes of cryoablation nee-
dles used.

In addition to the relatively larger sizes of our targets,
the number of second year tumor progression free rate
can be up to 83%, if the four targets which are not cat-
egorized as technical success were not included in the
progression free period calculation. In the fact, the four
targets which were not treated with technical success all
ended up with local failures. Since the ECLIPSE study has
reported 100% technical success rate and the SOLSTICE
study has reported the 97.2% without further description
of the outcome, more evidence may be required to clarify
the relationship between technical success and the local
tumor control in CA procedures [25, 27, 28].

Complications

In this study, we observed a pneumothorax rate of 52%
per procedure, which is consistent with findings from
other studies summarized in Table 3, regardless of the
needle size used for cryoablation [19, 22, 25-27]. How-
ever, the rate of pneumothorax requiring pigtail drainage
in our study was 11.3% per procedure, which is among
the lowest reported rates compared to other studies
(17.6-25.9%) in Table 3 and the larger series cited [19,
22, 25-27]. Notably, the ECLIPSE 2021 study reported
a much lower pneumothorax rate, with only 6.25% of
procedures resulting in pneumothorax and 2% requiring
drainage management. However, the details regarding
the classification of pneumothorax were not provided in
the ECLIPSE 2021 study, warranting further investiga-
tion for a comprehensive analysis. In a previous study by
Inoue et al., it was proposed that patients who had under-
gone ipsilateral surgery and male patients were more
predisposed to chest tube insertion during cryoablation.
However, this observation was based on the use of 12 and
13-gauge needles and may not be applicable to recent
and future studies utilizing smaller needle sizes, such as
17-gauge or less [22].

The second and final complication encountered in
our cryoablation procedures was self-limited hem-
optysis, which occurred in 12.9% of cases. This rate is
lower than the reported rates of hemoptysis during and
after cryoablation in previous studies, which ranged
from 36.8 to 40%. This difference may be attributed to
the use of a relatively smaller cryoablation needle (17-
gauge) compared to the 12-16-gauge needles used in
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other studies [15, 19, 22, 26-28, 32]. Additionally, there
are other reports that discuss complications associated
with the use of 17 Gauge needles. Some of these reports
have indicated a considerably higher hemoptysis rate
(60%). It’s worth noting that this disparity in hemopty-
sis rates may be attributed to patient selection criteria,
particularly focusing on centrally located tumors [33].

It is important to note the limitations of this study. It
is a retrospective study with a single-arm design, and
the number of enrolled patients is limited. The study
population is heterogeneous, consisting of patients
with different primary tumor origins and varying tumor
sizes. The impact of systemic therapy before and after
the cryoablation procedure was not taken into account,
which may influence the evaluation of therapeutic
effectiveness. Additionally, the study lacks long-term
data on tumor control rates beyond five years, requir-
ing further observation.

In conclusion, cryoablation using 17-gauge needles
can achieve similar survival and tumor control rates, as
well as comparable or lower complication rates, com-
pared to multi-center trials that use various needle
sizes.

Acknowledgements
We thank the Medical Research Center of Cathay General Hospital for their
assistance in statistics consultation.

Authors’ contributions

Name of corresponding author W-C L. Contribution Author(s). Guarantor of
integrity of the entire study: W-C L & M-H'Y. Study design: W-C L, M-HY & P-J
C. Literature research: SY, H-HW & P-A L. Clinical studies: SY,P-A L & C-YT.
Experimental studies / data analysis: W-C L, P-J C & C-YT. Statistical analysis:
W-C L, H-HW & M-HY. Manuscript preparation: W-C L & M-H Y. Manuscript
editing:W-CL, P-JC&SY.

Funding
The authors declare that they have no funding source of any kind associated
with this study.

Availability of data and materials
We promise to offer data supporting the results reported in the article upon
request, please contact the corresponding author for the data.

Declarations

Ethics approval and consent to participate

We confirmed this study was carried out in accordance with relevant guide-
lines and regulations.We hereby confirm that all experimental protocols were
approved by a named institutional and/or licensing committee. (IRB of Cathay
General Hospital )

We confirmed the IRB of Cathay General Hospital waived the need for
informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Page 9 of 10

Received: 15 January 2023 Accepted: 25 September 2023
Published online: 09 October 2023

References

1. NCCN Guidelines Insights: Non-Small Cell Lung Cancer, Version 1.2020 in:
Journal of the National Comprehensive Cancer Network Volume 17 Issue
12.(2019). Accessed 31 July 2021. https://jnccn.org/view/journals/jnccn/
17/12/article-p1464.xml.

2. Pusceddu C, Sotgia B, Fele RM, et al. CT-guided thin needles percutane-
ous cryoablation (PCA) in patients with primary and secondary lung
tumors: a preliminary experience. Eur J Radiol. 2013;82(5):e246-53.
https://doi.org/10.1016/j.ejrad.2012.12.010.

3. Van Cutsem E, Cervantes A, Adam R, et al. ESMO consensus guidelines
for the management of patients with metastatic colorectal cancer. Ann
Oncol. 2016;27(8):1386-422. https://doi.org/10.1093/annonc/mdw235.

4. Mitry E, Guiu B, Cosconea S, et al. Epidemiology, management and prog-
nosis of colorectal cancer with lung metastases: a 30-year population-
based study. Gut. 2010;59(10):1383-8. https://doi.org/10.1136/gut.2010.
211557.

5. Girard P, Ducreux M, Baldeyrou P, et al. Surgery for lung metastases
from colorectal cancer: analysis of prognostic factors. J Clin Oncol.
1996;14(7):2047-53. https://doi.org/10.1200/JCO.1996.14.7.2047.

6.  Kaifi JT, Gusani NJ, Deshaies |, et al. Indications and approach to surgical
resection of lung metastases. J Surg Oncol. 2010;102(2):187-95. https://
doi.org/10.1002/js0.21596.

7. Jamil A, Kasi A. Lung Metastasis. In: StatPearls. StatPearls Publishing; 2021.
Accessed October 18, 2021. http://www.ncbi.nlm.nih.gov/books/NBK55
3111/,

8. Hoerner-Rieber J, Duma M, Blanck O, et al. Stereotactic body radiotherapy
(SBRT) for pulmonary metastases from renal cell carcinoma—a multi-
center analysis of the german working group Stereotactic Radiotherapy. J
Thorac Dis. 2017;9(11):4512-22. https://doi.org/10.21037/jtd.2017.10.108.

9. Lindsay AD, Haupt EE, Chan CM, et al. Treatment of Sarcoma Lung Metas-
tases with stereotactic body Radiotherapy. Sarcoma. 2018;2018:€9132359.
https://doi.org/10.1155/2018/9132359.

10. Shah'S, Zhang CA, Hancock S, et al. Consolidative Radiotherapy in Meta-
static Urothelial Cancer. Clin Genitourin Cancer. 2017;15(6):685-8. https://
doi.org/10.1016/j.clgc.2017.04.007.

11. Ahmed M, Solbiati L, Brace CL, et al. Image-guided tumor ablation:
standardization of terminology and reporting Criteria—A 10-Year update.
Radiology. 2014;273(1):241-60. https://doi.org/10.1148/radiol.14132958.

12. Bang HJ, Littrup PJ, Currier BP, et al. Percutaneous cryoablation of meta-
static lesions from non-small-cell lung carcinoma: initial survival, local
control, and cost observations. J Vasc Interv Radiol. 2012;23(6):761-9.
https://doi.org/10.1016/jjvir2012.02.013.

13. de BaereT, Aupérin A, Deschamps F, et al. Radiofrequency ablation is a
valid treatment option for lung metastases: experience in 566 patients
with 1037 metastases. Ann Oncol. 2015;26(5):987-91. https://doi.org/10.
1093/annonc/mdv037.

14. Acksteiner C, Steinke K. Percutaneous microwave ablation for early-stage
non-small cell lung cancer (NSCLC) in the elderly: a promising outlook:
MWA for early-stage NSCLC in the elderly. J Med Imaging Radiat Oncol.
2015;59(1):82-90. https://doi.org/10.1111/1754-9485.12251.

15. Yashiro H, Nakatsuka S, Inoue M, et al. Factors affecting local progression
after Percutaneous Cryoablation of Lung Tumors. J Vasc Interv Radiol.
2013;24(6):813-21. https://doi.org/10.1016/}jvir2012.12.026.

16. de Baere T, Tselikas L, Gravel G, et al. Lung ablation: best practice/results/
response assessment/role alongside other ablative therapies. Clin Radiol.
2017;72(8):657-64. https://doi.org/10.1016/j.crad.2017.01.005.

17. Eiken PW, Welch BT. Cryoablation of Lung Metastases: review of recent lit-
erature and ablation technique. Semin Interv Radiol. 2019;36(04):319-25.
https://doi.org/10.1055/5-0039-1697002.

18. EI Dib R, Touma NJ, Kapoor A. Cryoablation vs radiofrequency ablation
for the treatment of renal cell carcinoma: a meta-analysis of case series
studies: CRYOABLATION VS RADIOFREQUENCY ABLATION IN RCC. BJU Int.
2012;110(4):510-6. https://doi.org/10.1111/j.1464-410X.2011.10885.x.

19. Moore W, Talati R, Bhattacharji P, et al. Five-year survival after Cryoablation
of Stage I non-small cell Lung Cancer in medically inoperable patients. J


https://jnccn.org/view/journals/jnccn/17/12/article-p1464.xml
https://jnccn.org/view/journals/jnccn/17/12/article-p1464.xml
https://doi.org/10.1016/j.ejrad.2012.12.010
https://doi.org/10.1093/annonc/mdw235
https://doi.org/10.1136/gut.2010.211557
https://doi.org/10.1136/gut.2010.211557
https://doi.org/10.1200/JCO.1996.14.7.2047
https://doi.org/10.1002/jso.21596
https://doi.org/10.1002/jso.21596
http://www.ncbi.nlm.nih.gov/books/NBK553111/
http://www.ncbi.nlm.nih.gov/books/NBK553111/
https://doi.org/10.21037/jtd.2017.10.108
https://doi.org/10.1155/2018/9132359
https://doi.org/10.1016/j.clgc.2017.04.007
https://doi.org/10.1016/j.clgc.2017.04.007
https://doi.org/10.1148/radiol.14132958
https://doi.org/10.1016/j.jvir.2012.02.013
https://doi.org/10.1093/annonc/mdv037
https://doi.org/10.1093/annonc/mdv037
https://doi.org/10.1111/1754-9485.12251
https://doi.org/10.1016/j.jvir.2012.12.026
https://doi.org/10.1016/j.crad.2017.01.005
https://doi.org/10.1055/s-0039-1697002
https://doi.org/10.1111/j.1464-410X.2011.10885.x

Lin et al. BMC Medical Imaging

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

(2023) 23:151

Vasc Interv Radiol. 2015;26(3):312-9. https://doi.org/10.1016/jjvir.2014.12.
006.

Zhong L, Sun S, Shi J, et al. Clinical analysis on 113 patients with lung
cancer treated by percutaneous CT-guided microwave ablation. J Thorac
Dis. 2017;9(3):590-7. https://doi.org/10.21037/jtd.2017.03.14.

Wu 'S, Hou J, Ding Y, et al. Cryoablation Versus Radiofrequency ablation for
hepatic malignancies: a systematic review and literature-based analysis.
Med (Baltim). 2015;94(49):2252. https://doi.org/10.1097/MD.0000000000
002252.

Inoue M, Nakatsuka S, Yashiro H, et al. Percutaneous cryoablation of lung
tumors: feasibility and safety. J Vasc Interv Radiol. 2012;23(3):295-302.
https://doi.org/10.1016/jjvir2011.11.019.

Wang C, Wang H, Yang W, et al. Multicenter randomized controlled

trial of percutaneous cryoablation versus radiofrequency ablation in
hepatocellular carcinoma: HEPATOLOGY, Vol. 00, no. X, 2014. Hepatology.
2015;61(5):1579-90. https://doi.org/10.1002/hep.27548.

Ito N, Nakatsuka S, Inoue M, et al. Computed Tomographic Appearance
of Lung Tumors treated with Percutaneous Cryoablation. J Vasc Interv
Radiol. 2012,23(8):1043-52. https://doi.org/10.1016/jjvir.2012.04.033.

de Baere T, Tselikas L, Woodrum D, et al. Evaluating cryoablation of meta-
static lung tumors in patients—safety and efficacy the ECLIPSE Trial—
Interim analysis at 1 year. J Thorac Oncol. 2015;10(10):1468-74. https.//
doi.org/10.1097/JT0.0000000000000632.

Leppelmann KS, Levesque VM, Bunck AC, et al. Outcomes following
Percutaneous Microwave and Cryoablation of Lung Metastases from
Adenoid cystic carcinoma of the Head and Neck: a bi-institutional
retrospective cohort study. Ann Surg Oncol Published Online February.
2021;23. https://doi.org/10.1245/510434-021-09714-4.

Callstrom MR, Woodrum DA, Nichols FC, et al. Multicenter Study of meta-
static lung tumors targeted by interventional cryoablation evaluation
(SOLSTICE). J Thorac Oncol. 2020;15(7):1200-9. https://doi.org/10.1016/).
jth0.2020.02.022.

de Baere T, Woodrum D, Tselikas L, et al. The ECLIPSE Study: efficacy of
Cryoablation on metastatic lung tumors with a 5-Year Follow-Up. J Thorac
Oncol Published Online August. 2021;9. https://doi.org/10.1016/j jtho.
2021.07.021.

Nguyen ET, Bayanati H, Hurrell C, et al. Canadian Association of Cadiolo-
gists / Canadian Association for Interventional Radiology/ Canadian
Society of thoracic Radiology Guidelines on thoracic interventions. Can
Assoc Radiol J. 2023;74(2):272-87. https://doi.org/10.1177/0846537122
1122807.

Maeda M, Saeki |, Sakaida |, et al. Complications after Radiofrequency
ablation for Hepatocellular Carcinoma: a Multicenter Study Involving
9,411 japanese patients. Liver Cancer. 2020;,9(1):50-62. https://doi.org/10.
1159/000502744.

Lyons GR, Winokur RS, Pua BB. Pulmonary cryoablation zones:

more aggressive ablation is warranted in vivo. Am J Roentgenol.
2019;212(1):195-200. https://doi.org/10.2214/AJR.18.19527.

Wrobel MM, Bourgouin PP, Kashani MA, et al. Active Versus Passive

Thaw after Percutaneous Cryoablation of Pulmonary Tumors: Effect on
Incidence, Grade, and Onset of Hemoptysis. Am J Roentgenol Published
Online September. 2021;22:1-11. https://doi.org/10.2214/AJR.21.25872.
Colak E, Tatli S, Shyn PB, Tuncali K, Silverman SG. CT-guided percutaneous
cryoablation of central lung tumors. Diagn Interv Radiol. 2014;20(4):316—
22. https://doi.org/10.5152/dir.2014.13440.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.jvir.2014.12.006
https://doi.org/10.1016/j.jvir.2014.12.006
https://doi.org/10.21037/jtd.2017.03.14
https://doi.org/10.1097/MD.0000000000002252
https://doi.org/10.1097/MD.0000000000002252
https://doi.org/10.1016/j.jvir.2011.11.019
https://doi.org/10.1002/hep.27548
https://doi.org/10.1016/j.jvir.2012.04.033
https://doi.org/10.1097/JTO.0000000000000632
https://doi.org/10.1097/JTO.0000000000000632
https://doi.org/10.1245/s10434-021-09714-4
https://doi.org/10.1016/j.jtho.2020.02.022
https://doi.org/10.1016/j.jtho.2020.02.022
https://doi.org/10.1016/j.jtho.2021.07.021
https://doi.org/10.1016/j.jtho.2021.07.021
https://doi.org/10.1177/08465371221122807
https://doi.org/10.1177/08465371221122807
https://doi.org/10.1159/000502744
https://doi.org/10.1159/000502744
https://doi.org/10.2214/AJR.18.19527
https://doi.org/10.2214/AJR.21.25872
https://doi.org/10.5152/dir.2014.13440

	The safety and response of CT guided percutaneous cryoablation for lung nodules by 17-gauge needles
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Materials and methods
	Study ethics
	Patients
	Cryoablation procedure
	Safety and procedure related complication
	Follow up protocols and treatment response evaluation
	Statistics
	Statistical analysis


	Results
	Patients and CA procedures
	CA procedure related complications
	The survival analysis and therapeutic effect evaluation

	Discussion
	Survival and tumor control rates
	Complications

	Acknowledgements
	References


