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Introduction

Introduction Cryoablation is the destruction of living tissue by the application of
extreme freezing temperature. There has been an increase in the use of cryoablation in
the management of musculoskeletal lesions, in particular fibromatosis.

Aim This study aimed to measure the average and relative increase in size of the
cryoablation ice ball after the first (10 minutes) and second freeze cycles (20 minutes) to
accurately predict the size of the ice ball between first and second freezes to help prevent
any unwanted damage of the nearby skin and neurovascular structures. This is especially
important when ablating in relatively small body parts such as in the appendicular skeleton.
Material and Methods Eight patients treated with cryoablation over a 12-month
period for fibromatosis were, included in the study. The size and volume of the ice ball
were measured during the first and second cycle of cryoablation.

Results The average patient age of the cohort was 35.6 years old (min 28 and max 43).
There was female predominance in the study (3:2, F:M). There was a significant increase
(26%) in the linear dimensions and almost doubling in the volume of the ice ball between
freeze cycles (p-value = 0.0037 for dimensions and p-value = 0.0002 for volumes).
Conclusion This pilot study is a preliminary attempt to predict the eventual size of the
ice ball during cryoablation procedures when treating cases of fibromatosis. This
should help in planning cryoablation to ensure decrease morbidity by preventing injury
to adjacent critical structures (neurovascular bundle and skin).

ry.! The applications of cryoablation are currently wide
including several organ systems such as the liver, kidney,

Cryoablation is the destruction of living tissue by the appli-
cation of extreme freezing temperature.1 This will cause
cellular death by direct and indirect pathways.! This has
been utilized in cancer treatment since the mid-19th centu-
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prostate, lung, breast, head and neck, brain, and esopha-
gus.2® It was in the late 1960s, that its use increased in the
management of musculoskeletal malignancy and benign
conditions such as bone tumors, soft tissue sarcoma, and
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fibromatosis.” The benefits of applying freezing temperature
are a reduction in size of the tumor and pain relief®

These extreme freezing temperatures can be delivered
locally by surgical (open or laparoscopic) or percutaneous
approaches.® The fast-expanding utilization of image-guided
procedures have significantly expanded the use of cryoabla-
tion and it can now be used for far more musculoskeletal
procedures. Image-guided procedures are preferred as they
have a lower rate of complications and morbidity.’

The percutaneous approach requires cryoprobes which
deliver the extreme low temperatures utilizing the Joule-
Thomson effect, when rapid expansion of a liquid gas (argon)
leads to rapid drop in temperature of the gas leading to fast
cooling along the shaft of the cryoprobe.'®

Computed tomography (CT) can show the developing ice
ball developed around the cryoprobe in real time. Freezing
the target tissue will result in the formation of an ice ball
around the cryoprobe with its size determined by four
factors: rate of gas infusion, time for gas expansion, cryo-
probe size, and probe configuration.!" Typically, this stage
will last for 10 minutes. In the second stage of the procedure,
the thawing, the ice ball is either let to thaw by itself for
10 minutes (passive thawing) or actively warmed by, a com-
bination of a passive thaw (6-8 minutes) and an active thaw
(2-4 minutes) in which the probe is electronically heated. In
the third stage, a second cycle of freezing results in a larger
ice ball, and again this is typically 10 minutes in duration. The
last stage comprises a final thaw following which the cryop-
robes can be removed.

Other tissues likely to be injured in cryoablation especially
in the appendicular skeleton are skin and neurovascular
structures. Ideally, the ice ball should extend beyond the
margins of the lesion by 5 mm as the peripheral 5 mm of the
ice ball does not cause cell death. However, care must be taken
not to excessively grow the ice ball and potentially cause
peripheral normal tissue damage peripheral normal tissue
damage. Therefore, the prediction of the target ice ball size and
the real-time monitoring play an important role in avoiding
such complications. Despite the presence of manufacturers’
isotherms as reference guide, there are no studies that show in
vivo measurement of the cryoablation ice ball after the first
and second freeze cycles with their relative increase in size to
aid the decision and planning of the cryoablation treatment.

Aim

This study aims to measure the average and relative increase in
size of the cryoablation ice ball after the first (10 minutes) and
second freeze cycles (20 minutes) to accurately predict the size
of the ice ball between first and second freezes to help prevent
any unwanted damage of the nearby skin and neurovascular
structures. This is especially important when ablating in
relatively small body parts such as in the appendicular
skeleton.

Materials and Methods

Eight patients treated with cryoablation over a 12-month
period were included in the study. All patients had biopsy-
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Ice pearl

Ice force

Fig. 1 Examples of two types of cryoprobes showing the iceball and
temperature in degree Celsius.

proven fibromatosis. All cryoablation cases were performed
under general anesthesia using the Visual Ice cryotherapy
system (Boston Scientific). The following cryoprobes were
used IceRod, IceSphere, and IceFORCE Boston Scientific
(=Fig. 1, =Table 1). Low-dose CT was acquired using the
Siemens Somatom Sensation AS (Siemens Medical Systems)
and was used in all cases for standardization of the results. No
immediate complications were recorded on the day of any of
the procedures. After application of single or multiple cryop-
robes into the target lesion using CT-guided imaging, the first
cycle of cryoablation was commenced for 10 minutes. Real-
time monitoring was performed by CT scanning of the target
site at intervals between 2 and 4 minutes with the last one at
the end of the 10th minute. The dimensions and the volume of
theresultant ice ball was recorded using the following equation
[V=4/3 TT (A*B*C)3 where A, B & C are the semi-axises of the
ellipsoid shaped ice ball].

A thawing stage was achieved by a combination of a
passive and active melting phase of the ice ball for a further
10 minutes. A second cycle of freezing was performed for
further 10 minutes with intermittent targeted CT scanning at
2- to 4-minute intervals. After the end of the second cycle of
freezing, a final CT scan was performed to measure the final
size of the ice ball. An important note to make is that all
probes were kept at 100% of power delivery. If the power to
any of the probes was reduced from 100% for any reason (e.g.,

Table 1 Size of the ice ball using different needles at different
temperatures

Name of needle -40°C -20°C 0°C

Ice rod 17 x 41 28 x 47 43 x 60
Ice force 24 x 43 35x51 50 x 64
Ice edge 22 x43 34 x51 49 x 63
Ice sphere 16 x 24 26 x 32 39 x45
Ice pearl 20 x 27 30 x35 44 x 49
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the ice ball was growing too large), these cases would not
have been included in the study.

All ice ball measurements were performed by one experi-
enced consultant radiologist with more than 10 years of
experience to ensure consistency.

After data collection, the measurements were tabulated to
statistically analyze the average size of the ice balls after each
cycle and the relative increase of the size after the second
cycle.

Results

The average patient age of the cohort was 35.6 years old (min
28 and max 43). There was female predominance in the study
(3:2, F:M). All patients were treated for fibromatosis in
different parts of the body. Two types of measurements are
used in this study: the volume and the three perpendicular
dimensions—length, width, and depth according to the
planes of the scan. Each variable was measured twice after
the 10-minute first cycle and after the 10-minute second
cycle. The measurement performed after the thawing cycle
was not recorded. We used two types of statistical compar-
isons between the two set of measurements: average com-
parison and regression analysis. There was a clear increase in
volume and dimensions of the ice ball (p-value =0.0037 for
dimensions and p-value=0.0002 for volumes) as we
expected as the size and dimensions of the ice ball in the
second cycle will be larger than in the first cycle.

In terms of ice ball volume, the average volume increased
from 12.21cm? after the first cycle to 24.74cm? after the
second cycle representing an increase by 102.6%. This means
that ice ball size is more than doubled after the second cycle.
However, the observer has to understand that the doubling
size is a reflection of increase in the dimensions used to
calculate the volume, which is not necessarily doubled
themselves. Therefore, we have observed that the average
dimensions have increased from 2.675 cm after the first cycle
to 3.275 cm after the second cycle representing an increase
by 26.1% in all directions when considering all the dimen-
sions as one group. This was also evident as a positive
regression when regression analysis was applied. The dimen-
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Fig. 2 Analysis of the ice ball average volumes with standard errors
bars after first and second cycles of cryoablation.
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Iceball Dimension vs Cycle
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Fig. 3 Graph showing the increase in average dimension between
first and second cycles of cryoablation with positive correlation
coefficient and suggested equation for the estimated dimension after
the second cycle.
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Fig. 4 Analysis of the ice ball average volume dimensions with
standard errors bars after first and second cycles of cryoablation.

Dimensions vs. Minutes / Cycles .

Dimensions

Fig. 5 Graph showing the increase in average dimension between
first and second cycles of cryoablation with positive correlation
coefficient and suggested equation for the estimated dimension after
the second cycle.
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Fig. 6 Cryotherapy for fibromatosis showing needles within the lesion (A) and ice ball (dashed lines) during first cycle (B) and second cycle (C).

Table 2 Statistical analysis values for the average volume of
the ice ball after first and second cycles of cryoablation

First cycle | Second cycle
Mean 12.21 24.74
Standard deviation 4.74 8.65
Standard error of the mean | 1.36 2.49
Upper 95% mean 15.22 30.24
Lower 95% mean 9.194 19.24
N 12 12

Table 3 Statistical analysis values for the average dimensions
of the ice ball after first and second cycles of cryoablation

First cycle | Second cycle
Mean 2.67 3.37
Standard deviation 0.92 1.05
Standard error of the mean | 0.15 0.17
Upper 95% mean 2.98 3.73
Lower 95% mean 2.36 3.01

sions and volume average comparison and regression analy-
sis is demonstrated in ~Figs. 2,3,4,5,6 and ~Tables 2 and 3.

Discussion

Cryoablation causes cellular death and tissue necrosis.® This
is achieved by direct and indirect pathways.® The direct
pathway results in cell damage by dehydration and shrinkage
of cells as free water moves from the intracellular compart-
ment to the highly crystalized extracellular compartment
because of a change of osmolarity between the two compart-
ments.® Additionally, there is cold-induced damage of cellu-
lar organelles and cold denaturation of the cellular
proteins.'? During the thawing stage, the extracellular water
melts faster than the intracellular compartment resulting in
a shift of water from outside the damaged cells to inside
causing rapid cellular swelling, bursting, and cell death.® The
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indirect mechanism of tissue damage which could also be
termed as delayed cellular death results from the body
inflammatory response to cold injury. The vascular endothe-
lium is damaged during the cooling and thawing processes
leading to thrombosis and local tissue ischemia. This will be
followed by an inflammatory phase which attempts to repair
the tissue; however, chemotactic macrophages and neutro-
phils will start to remove the damaged cells and cellular
debris leading to delayed tissue damage.?

Advantage of Image-Guided Percutaneous
Cryoablation

The main advantage of image-guided percutaneous cryoa-
blation is the ability to monitor the target tissue during the
procedure. The ice ball can be clearly seen by both CT and
ultrasound during the treatment.? The ice ball is also visible
on magnetic resonance imaging (MRI) but requires MRI-
specific hardware which is much less readily available. CT
and ultrasound scan are preferred in our institution. On
ultrasound, the superficial part of the ice ball is visualized
clearly in real time as a hyperechoic curvilinear structure
which casts a dense acoustic shadow which obscures the
deeper aspect of the ice ball. CT shows the ice ball to be
hypodense relative to the adjacent soft tissues and allows it
to be visualized clearly including its deeper aspect. We use a
combination of both during procedures in our institution.

Disadvantage of the Cryoablation

The primary drawback of the procedure although uncom-
mon, is the postprocedural inflammatory reaction leading
sometimes to a systemic response called cryoshock.">'* This
syndrome can induce a constellation of symptoms including
hypotension, respiratory insufficiency, multiple organ fail-
ures, and disseminated intravascular coagulation.'® This is
thought to be mediated by the delayed phase and the
production of inflammatory cytokine production.'”

Cryoablation Complications

Application of liquid gas to living tissues and resultant
cryoablation can cause certain complications to healthy
tissues. In a study on 200 cryotherapy treatments when
either carbon dioxide or liquid nitrogen was poured into
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bone tumors, complications such as fractures, infections, and
paresthesia were documented in 2.34% of cases.'® It was
worth noting that all these were intraoperative open surger-
ies with active adjacent soft tissue protection/management
including warm saline application.16

In their attempt to relate the size of the ice ball to the
incidence of postcryoablation myositis, Bing et al'’ found
that myositis has occurred in 87% of the cases with variable
grades (0-3) and the grade of the muscle injury is positively
correlated with the size of the ice ball (p < 0.001); however,
only two patients (9.5%) with grade 3 myositis were symp-
tomatic and required simple anti-inflammatory medications
to achieve pain resolution.'” They also measured the average
size of the ice ball with each grade (Grade 0 =2.8 cm?, Grade
1=9.2cm?, Grade 2 =17.1 cm?, and Grade 3 42.9 cm?). Con-
ditions treated by cryoablation in their cohort of patients
included metastasis, aneurysmal bone cysts, and desmoid
tumors.

There are no previous studies to compare the size and
dimension of the ice ball between the first and second
cryoablation cycles in the medical literature. Therefore, we
compared our results with the manufacturer guide measure-
ment in laboratory studies. The maximum dimensions of the
ice ball according to the manufacturer guidelines range
between 3.7 to 5.3cm for a single probe application and
between 4.8 and 5.9 cm for double probe application. Our
results have confirmed our practical observations, that the
size of the ice ball at the end of the second cycle was always
larger than the size of the ice ball at the end of the first cycle.
This is unsurprising from the understanding of the process of
cryoablation.

How large the ice ball will grow between the first and
second freeze cycles is extremely important as it gives a
guide as to whether the ice ball size is sufficient to cover the
tumor and if it is going to get close to important structures
such as skin and neurovascular spaces especially in tight soft
tissue spaces such as the extremities. Predicting the volume
is difficult to appreciate in 3-plane imaging such as CT.
Therefore, dimension measurements are important to ana-
lyze. If we measure the dimension of the ice ball after the first
cycle and measure how far it is from an important structure
such as a neurovascular bundle, this study will help us to
predict how much safe margin we still have if we apply the
second cycle of cryoablation. If there is a concern that the
margin is close to an important structure the power to the
particular needle can be reduced or hydro-/pneumodissec-
tion can be performed. Taking 26.1% increase in dimension in
any direction 4+ 10% will be our guidelines for such proce-
dures. It is worth noting that the dimensions and the volume
of the ice ball recorded were generally smaller than those
provided by manufacturers from laboratory studies. The
reasons could be due to different in vivo tissue character-
istics than laboratory experiment or measurements provid-
ed by the manufacturers represent maximum rather than
average.

As a small pilot, our study has some limitations. One of the
most important limitations is the small sample size. Other
limitations include that we only treated fibromatosis and
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therefore, the ice ball behavior, size, and dimension cannot
be extrapolated to other types of tissues which may have a
differing resistance to freezing or compliance with low
temperatures. We also used one type of cryoablation, and
this again cannot be generalized to other types of cryoprobes
or cryogas or different manufacturers. The study ignored the
cases when more than three probes were inserted as volume
and dimension measurement become complicated and dif-
ficult to reproduce or measure without sophisticated tools
and software. Nevertheless, the main objective of our study
was to provide some guidance or measurement of the ice ball
to avoid damage of important structures in tight and small
spaces and we think this study has given an early indication
of such benefit.

Despite these limitations, we believed that our study has
given a preliminary prediction for the ice ball size and
dimensions when performing such procedures. No immedi-
ate complications were observed in any of the study patients.

Conclusion

This pilot study is a preliminary attempt to predict the
eventual size of the ice ball during cryoablation procedures
when treating cases of fibromatosis. Being able to predict the
ice ball size at the end of the procedure will help to identify if
there are any normal structures that are potentially at risk of
injury or if the ablation zone is going to be large enough to
cover the entirety of the lesion. This hopefully gives the
operator additional confidence when performing such pro-
cedures especially in tight spaces such as in the limbs.
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