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ORIGINAL ARTICLE

Evaluation of ice ball size as a function 
of freezing intensity through computed 
tomography scans during cryoablation 
procedures
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zákroků
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Summary
Background: Cryoablation is a specific minimally invasive thermal ablation technique that de-
stroys tumor targets using low temperatures, freezing the pathological tissue and forming an 
“ice ball” around it. The aim of this study is to analyze how the reduction in freezing intensity 
during a cryoablation procedure affects the size of the ice ball. Materials and Methods: The ex-
perimentation was conducted on room-temperature ultrasound gel, using the ICEfx™ cryoabla-
tion system with IceSphere™ needles in single and multiple configurations (double, triple, and 
quadruple). Each configuration was studied using a freezing intensity of 100%, 70%, 50%, and 
20%, with a single 10-minute freezing cycle. CT scans of the gel cubes were performed at the 
end of each freezing cycle to measure the dimensions of the individual ice balls. Results: Results 
show that the reduction in freezing intensity affects the size of the ice balls in a nonlinear but 
exponentially decreasing manner. Furthermore, the calculation of the decrement factors for 
each dimension, for every configuration and intensity level, highlighted that the width and 
depth of the ice ball are the most reduced dimensions, while the height values undergo mini-
mal variation. Conclusion: This study provides the operator with a practical guide for custom
izing and optimizing in vivo cryoablation. This enables careful selection of the best configura-
tion and freezing intensity to ensure the exclusion of adjacent sensitive anatomical structures 
that need to be preserved from freezing.
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Introduction
In oncology, surgery remains the gold 
standard treatment for tumors. How-
ever, with the development of imag-
ing techniques such as computed to-
mography (CT), ultrasonography, and 
magnetic resonance imaging, less inva-
sive therapies have increasingly gained 
ground. One of these is image-guided 
ablation, either thermal or non-ther-
mal, which allows for the destruction 
of tumor targets. This study focuses on 

cryoablation, a specific type of thermal 
ablation.

Cryoablation can be performed with 
curative, debulking, or palliative intent. It 
uses low temperatures to freeze and de-
stroy the tumor mass, reduce the lesion’s 
size, and provide an analgesic effect.

Thanks to the ability to choose the 
type and number of needles as well as 
the freezing intensity, the treatment can 
be tailored to the size and morphology 
of the lesion to be destroyed, aiming to 

spare the surrounding healthy tissues. 
Currently, the choice of freezing inten-
sity is left to the operator, who may de-
cide to use a lower power setting in order 
to reduce the ablation area, for example 
when the target is very close to delicate, 
preservable anatomical structures.

Cryoablation
Definition of cryoablation
Cryoablation or cryotherapy, refers to 
the destruction of pathological tissues 
through freezing [1].

This type of ablation is performed per-
cutaneously under radiological guid-
ance. The frozen zone has a temperature 
of 0 °C at its perimeter, while the lethal 
temperature is found within 5 mm in-
side the margins and can range between 
– 20 °C and – 50 °C [2].

Cryotherapy is carried out in cycles di-
vided into phases –  the first is a  freez-
ing phase, followed by a thawing phase. 
The tissue is initially cooled rapidly, 
and then, during the second phase, it 
gradually returns to its original tempera-
ture through reverse osmosis. The tissue 
damage caused by cryoablation results 
from both phases of the cycle [3].

Typically, two freezing cycles are ap-
plied, separated by a single thawing cycle.

A cryoprobe (with a  low-pressure 
lumen) and a  cryogenic unit are used. 
When high-pressure gas flows into 
the cryoprobe, it expands, resulting in 
a drop in temperature that enables the 
formation of the ice ball (representing 
the frozen area of pathological tissue) 
outside the cryogenic probe [4].

Souhrn
Východiska: Kryoablace je specifická, minimálně invazivní technika tepelné ablace, která ničí cíle nádorů pomocí nízkých teplot, a to zmrazením 
patologické tkáně a vytvořením „ledové koule“ kolem ní. Cílem této studie je analyzovat, jak redukce intenzity mražení během kryoablačního 
zákroku ovlivňuje velikost ledové koule. Materiály a metody: Experiment byl proveden na ultrazvukovém gelu při pokojové teplotě, s využitím 
kryoablačního systému ICEfx™ a jehel IceSphere™ v jednoduché i vícenásobné konfiguraci (dvojité, trojité a čtyřnásobné). Každá konfigurace 
byla zkoumána při intenzitě mražení 100, 70, 50 a 20 %, s jedním 10minutovým mrazicím cyklem. Po ukončení každého mrazicího cyklu byly 
provedeny CT snímky gelových kostek za účelem změření rozměrů jednotlivých ledových koulí. Výsledky: Výsledky ukazují, že redukce intenzity 
mražení ovlivňuje velikost ledových koulí nelineárním, ale exponenciálně klesajícím způsobem. Výpočet koeficientů poklesu pro každý rozměr 
při všech konfiguracích a úrovních intenzity prokázal, že šířka a hloubka ledové koule jsou nejvíce redukované rozměry, zatímco hodnoty výšky 
se mění jen minimálně. Závěr: Tato studie poskytuje operátorovi praktický návod pro individualizaci a optimalizaci in vivo kryoablace. To umož-
ňuje pečlivý výběr nejlepší konfigurace a intenzity mražení k zajištění ochrany sousedních citlivých anatomických struktur, které je třeba uchránit 
před zmrazením.

Klíčová slova
kryoterapie –  mražení –  trojrozměrné zobrazování –  ledová koule –  velikost

Fig. 1. Ice ball generated by the single and double IceSphere™ needle configurations 
after a 10-minute freeze cycle at 100% freeze intensity.
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inducing significant biological dam-
age  [3]. To ensure tumor necrosis, 
an effective dose was established at 
a  temperature of – 40  °C for at least  
60 seconds [3,6,7].

Cryobiology and mechanisms 
of action
Cryotherapy involves localized freez-
ing leading to a  reduction in ther-
mal energy within tissues, thereby 

Currently, cryotherapy systems uti-
lize the Joule-Thomson effect, which 
describes the ability of a gas to extract 
thermal energy from the surrounding 
area during its rapid expansion [5].

Fig. 3. CT scan of the ice ball created using the double IceSphere™ needle configuration after a 10-minute freezing cycle at 20% 
intensity.

Fig. 2. CT scan of the ice ball created using the double IceSphere™ needle configuration after a 10-minute freezing cycle at 100% 
intensity.
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a window level of 60 HU and a window 
width of 360 HU.

Acquisitions were performed at the 
end of the first and only freezing cycle, 
i.e., after 10  minutes of probe activity 
and at freezing intensities of 100%, 70%, 
50%, and 20%.

Specifically, for each configuration 
(single, double, triple, and quadruple), 
IceSphereTM cryoablation needles were 
inserted into cubes of room-tempera-
ture gel. After 10 minutes of probe ac-
tivity, CT scans of the resulting ice balls 
were performed. The probes were then 
removed from the used gel cube and in-
serted into a new one prepared for ice 
ball formation at a different freezing in-
tensity. For multiple configurations, 
cryoprobes were placed in parallel at an 
inter-probe distance of 1.5 cm using re-
sorbable hemostatic gelatin sponges 
(Fig. 1).

This represents the maximum rec-
ommended distance between probes 
according to the guidelines for these 
specific cryoprobes, in order to assess 
whether synergy between multiple 
probes was maintained even at freezing 
intensities lower than 100% [13].

The next phase involved measur-
ing, from the CT scans obtained for 
each configuration at the various freez-
ing intensities, the three dimensions of 
each ice ball using the software “Radi-
Ant DICOM Viewer” (Fig. 2, 3). These data 
were used to create a table with the di-
mensions of the ice balls and graphs 
showing how ice ball size varied in re-
lation to the reduced freezing inten-
sity for each single or multiple probe 

Both types of injury are essential to 
ensure tumor destruction [10].

It is considered necessary to perform 
at least two freeze-thaw cycles, with 
rapid freezing (lasting at least 10  min-
utes) and slow thawing [11].

When to choose cryoablation
Cryoablation is indicated in situations 
where traditional surgery cannot be per-
formed, such as in patients with multi-
ple comorbidities, or as an alternative to 
surgery in cases of renal tumors smaller 
than 3 cm in size [12].

Aim
Given the lack of scientific evidence re-
garding the relationship between freez-
ing intensity and ice ball size, the aim 
of this study is to analyze how the re-
duction of freezing intensity during 
a cryoablation procedure affects the size 
of the ablated area. This assessment is of 
fundamental importance as it provides 
the operator with practical guidance for 
optimizing in vivo treatment.

Materials and methods
The study was conducted using room-
-temperature ultrasound gel with 
IceSphereTM cryoablation needles (Galil 
Medical, Yokneam, Israel), utilized in sin-
gle, double, triple, and quadruple con-
figurations through the ICEfxTM cryoabla-
tion system (Boston Scientific). For each 
configuration, CT scans were acquired 
using a Philips Brilliance iCT 256 CT scan-
ner with a dedicated phantom protocol. 
Images were reconstructed using a slice 
thickness of 2.5 mm and displayed with 

Harmful effects of cryoablation pri-
marily result from two mechanisms –  cel-
lular injury and vascular injury. The for-
mer occurs immediately and is caused 
by the formation of ice crystals that in-
duce cellular stress. As a  result of the 
freeze-thaw cycles, mitochondrial meta-
bolic functions are altered, which in turn 
triggers an apoptotic cascade in the tar-
geted cells [8]. In contrast, the vascular 
injury mechanism has a delayed effect 
and arises from vascular stasis, which 
prevents blood from flowing to the 
tumor, thereby increasing cellular dam-
age already inflicted [8,9].

Fig. 4. Schematic representation of 
a  generic ice ball with its three dimen
sions, where the height corresponds to 
the direction parallel to the axis of the 
cryoprobe.

Tab. 1. Dimensions of the 0 °C isotherms of the ice balls at various freezing percentages and for different configurations. Data 
derived from experimentation. IceSphere 1.5 CX.

Freezing intensity (%)

0 °C isotherm dimensions (mm) 
(width ± 4 mm × depth ± 4 mm × height ± 4 mm)

single-needle 
configuration

double-needle 
configuration

triple-needle 
configuration

quadruple-needle 
configuration

100 30 × 30 × 37 44 × 34 × 40 50 × 43 × 44 52 × 57 × 48

70 28 × 28 × 35 42 × 32 × 38 48 × 42 × 43 51 × 55 × 47

50 26 × 26 × 34 40 × 30 × 36 46 × 40 × 42 48 × 52 × 45

20 22 × 22 × 30 35 × 27 × 32 39 × 36 × 38 41 × 46 × 38
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schematically illustrates the three di-
mensions of a generic ice ball.

Data obtained from the analysis of the 
CT scans of the gel cubes with their re-
spective ice balls allowed for the crea-
tion of graphs (Fig. 5 for the single probe 
configuration and Fig. 6– 8 for the multi-
ple needles configuration) that highlight 
the variation in the three dimensions 
of the ice ball as a function of different 
freezing intensity percentages.

Furthermore, decrement factors are 
reported in Tab. 2. The percentage de-
crease obtained using formula 1.3  for 
the three dimensions of the ice balls at 
various levels of reduced freezing inten-
sity is specified in Tab. 3.

Discussion
From the data published by Boston 
Scientific (Fig. 9), it is known that at 37 °C, 

intensity is obtained. If the ratio equals 
1, it indicates that the dimension has not 
changed; if it is < 1, it means the dimen-
sion has decreased; whereas if it is > 1, 
the dimension has increased.

To determine the percentage de-
crease of each dimension, the ratio RF 
(1.2) is subtracted from 1 and the result 
is multiplied by 100.

%decrease = [1−RF] * 100 = [1 − D(p)/ 
/D(100%)] * 100 (1.3).

Results
From the analysis of the CT scans per-
formed during the tests, it was pos-
sible to determine the dimensions of 
the ice balls for various configurations, 
both single and multiple, and at differ-
ent freezing intensity percentages. Re-
sults are presented in Tab.  1, and for 
their interpretation, refer to Fig. 4, which 

configuration. Subsequently, for each 
configuration and freezing intensity, re-
duction factors for each dimension were 
calculated using an exponential model 
in the form D(p) = D(100%) * e–kp (1.1), 
where D(p) represents the dimension 
value at a freezing intensity percentage 
p, D(100%) is the dimension value at 
100% freezing intensity, k  is the decay 
rate that determines how quickly the 
value decreases with respect to the 
freezing intensity percentage, and p rep-
resents the freezing intensity percent-
age, where 1 corresponds to 100% and 
0 corresponds to 0%. Thus, e–kp acts as 
a multiplier that reduces D(100%) as the 
freezing intensity p decreases.

Consequently, through the ratio 
RF = D(p)/ D(100%) (1.2) the remaining 
fraction (RF) of the dimension relative 
to the reference value at 100% freezing 
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Fig. 5. Variation in the three dimensions of the ice ball derived from the single probe configuration of the IceSphere™ cryoneedle 
as a function of freezing intensity.
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Fig. 6. Variation in the three dimensions of the ice ball derived from the double probe configuration of the IceSphere™ cryoneedle 
as a function of freezing intensity.
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Fig. 7. Variation in the three dimensions of the ice ball derived from the triple probe configuration of the IceSphere™ cryoneedle  
as a function of freezing intensity.
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Fig. 8. Variation in the three dimensions of the ice ball derived from the quadruple probe configuration of the IceSphere™ cryo
needle as a function of freezing intensity.

Tab. 2. Decrement factors for each dimension of every configuration based on the reduction of the treatment intensity.

Freezing 
intensity (%)

Decrement factors

single-needle  
configuration

double-needle 
configuration

triple-needle  
configuration

quadruple-needle 
configuration

from to width depth height width depth height width depth height width depth height

100 70 0.9333 0.9333 0.9459 0.9545 0.9412 0.95 0.96 0.9767 0.9773 0.9808 0.9649 0.9792

100 50 0.8667 0.8667 0.9189 0.9091 0.8824 0.9 0.92 0.9302 0.9545 0.9231 0.9123 0.9375

100 20 0.7333 0.7333 0.8108 0.7955 0.7941 0.8 0.78 0.8372 0.8636 0.7885 0.8070 0.7917

Tab. 3. Percentage decrease of each dimension for every configuration based on the reduction of treatment intensity.

Freezing 
intensity (%)

Percentage decrease in dimensions (%)

single-needle  
configuration

double-needle 
configuration

triple-needle  
configuration

quadruple-needle 
configuration

from to width depth height width depth height width depth height width depth height

100 70 6.67 6.67 5.41 4.55 5.88 5.00 4.00 2.33 2.27 1.92 3.51 2.08

100 50 13.33 13.33 8.11 9.09 11.76 10.00 8.00 6.98 4.55 7.69 8.77 6.25

100 20 26.67 26.67 18.92 20.45 20.59 20.00 22.00 16.28 13.64 21.15 19.30 20.83
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However, it should be noted that the 
measurements in Tab. 1 refer to ice balls 
generated in gel at room temperature, 
whereas the reference measurements in 
Fig. 9 were obtained using gel at 37 °C.

Instead, taking as a reference the di-
mensions reported above for the ice 
ball resulting from a  single configura-
tion with the IceSphere™ needle at room 
temperature, it is possible to observe 
that the dimensions obtained from this 
experimental study differ from the ref-
erence ones by a  few millimeters. This 
discrepancy is justified by the fact that 
the reference dimensions result from 
a  double freezing cycle and are there-
fore larger than those obtained at the 
end of the first cycle (as in the case of the 
measurements in Tab. 1). Moreover, for 
a more accurate comparison, it should 
be noted that the measurements re-
ported in Tab. 1, Fig. 9 and those refer-
ring to the ice ball dimensions at room 
temperature (39 × 44 mm) are subject to 
an uncertainty of ± 3– 4 mm.

What diverges from Boston Scientif-
ic’s guidelines in this case, however, is the 
height of the ice balls –  i.e., the distance 
measured along the longitudinal axis of 
the IceSphereTM cryoprobe –  which, in the 

dimensions for multiple configurations 
refer to a top-down view. Therefore, for 
the single probe, the first dimension re-
fers to the width of the ice ball (the di-
mension perpendicular to the longi-
tudinal axis of the cryoprobe), and the 
second refers to the height of the ice 
ball, which is the extension along the 
axis of the active part of the probe. The 
third dimension, which is not measur-
able when viewed from above, is con-
sidered equal to the width. For multiple 
configurations, however, the dimen-
sions in Fig. 9 refer to the isotherms seen 
from above. Therefore, the first dimen-
sion represents the width of the ice ball, 
perpendicular to the longitudinal axis of 
the probe, while the second dimension 
represents the depth. The height of the 
ice balls created by multiple configura-
tions is considered equal to that of the 
respective single configuration.

By comparing the dimensions of the 
0  °C isotherms of the ice balls created 
with the IceSphereTM probe for the 
various configurations at 100% freezing 
intensity in Fig. 9 with those measured in 
this experiment, as shown in Tab. 1, it is 
possible to observe that the proportions 
are maintained in all three dimensions. 

a single IceSphereTM probe creates an ice 
ball that at 0 °C (the outermost isotherm, 
visible margin in the CT scans) is 31 mm 
wide and 36 mm long. Instead, the di-
mensions obtained with multiple con-
figurations vary depending on the num-
ber of cryoprobes used synergistically.

At room temperature, however, Bos-
ton Scientific reports larger dimen-
sions  – with a  single IceSphereTM nee-
dle, the resulting ice ball forms an 
isotherm visible in the CT scans (i.e., at 
0 °C) measuring 39 × 44 mm (at – 20 ºC 
it measures 25 × 31 mm, and at – 40 ºC 
it is 15 × 24 mm) [15]. This difference in 
size can mainly be attributed to different 
temperatures, which in the second case, 
allow for greater cooling and less heat 
dissipation at room temperature.

Both the measurement at 37  °C and 
those at room temperature were ob-
tained through experiments on gel, resp. 
at 37 °C and room temperature, after two 
10-minute freezing cycles using 100% 
freezing intensity, separated by a 5-min-
ute passive thawing cycle [13].

It is important to note that the di-
mensions refer to two different perspec-
tives –  the single configuration dimen-
sions refer to a  lateral view, while the 
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Fig. 9. Graphical representation by the authors based on data reported by Boston Scientific. Dimensions of the ice balls generated 
by the IceSphere™ needle in single or multiple configuration; data obtained in gel at 37 °C [14].
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the curves representing how each di-
mension changes with varying freez-
ing intensities. It can be observed that 
the dimensional values decrease as 
freezing intensity is reduced. Further-
more, as previously explained, two out 
of the three dimensions share the same  
values –  namely, width and depth –  and 
thus their curves overlap.

For multiple configurations (Fig. 6– 8), 
three distinct curves can be seen, each 
showing a  downward trend, indicat-
ing that the dimensions decrease as the 
freezing intensity decreases. It is no-
ticeable that the width and depth curves 
follow a similar pattern, and they are the 
dimensions that shrink the most, in con-
trast to height, which exhibits a less pro-
nounced variation.

considered in clinical practice when 
treatment de-escalation is desired.

It is also important to note that as 
freezing intensity decreases, dimensions 
of the ice balls are reduced accordingly.

By conducting the test using a single 
probe at maximum freezing intensity, it 
was possible to confirm the validity and 
reliability of the data presented in this 
study, through a direct comparison be-
tween the ice ball dimensions obtained 
in this experimentation and those re-
ported by Boston Scientific.

As for the graphs representing the 
variation in the three dimensions of the 
ice ball as a function of different freez-
ing intensity percentages, the graph 
for the single configuration shown in 
Fig. 5  displays a  comparison between 

case of multiple configurations, does not 
match that of the corresponding single 
configuration. According to the dimen-
sions obtained from the experimental in-
vestigation presented in this scientific ar-
ticle, it can be seen that as the number of 
simultaneously used probes increases, 
the height of the ice balls also increases. 
This may be due to several factors, such 
as the synergistic effect between mul-
tiple cryoprobes leading to locally en-
hanced freezing, or differences in the 
properties of the gel used.

An analysis of multiple-needle con-
figurations shows that millimetric varia-
tions in ice ball isotherms across differ-
ent freezing intensities are of limited 
clinical relevance. Consequently, a  sin-
gle-needle configuration is commonly 
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Fig. 10. Authors’ graphical representation at a 1 : 2 scale of the ice balls generated during the experimental sessions using single and 
multiple (double, triple, and quadruple) IceSphere™ needle configurations at different freezing intensities (100%, 70%, 50%, and 
20%). Data were obtained in gel at room temperature after a single 10-minute freezing cycle.
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the needle closest to the area to be 
avoided in the ablation is depowered. 
This is achievable thanks to the ability to 
insert each needle into one of the four 
independent channels of the ICEfxTM 
cryoablation system.

However, precise procedure plan-
ning, needle positioning, and hydro- or 
pneumo-dissection still remain as the 
primary cornerstones of safety.

Limitations and future 
perspectives
In this study, single and multiple config-
urations of the IceSphereTM probe were 
evaluated through an experiment on 
gel at ambient temperature. Some limi-
tations, such as studying only one type 
of probe or the temperature at which 
the study was conducted, open the door 
to future prospects that could help op-
erators fully utilize all existing types 
of cryoprobes, with the aim of pro-
viding patients with the best possible  
treatment.

For example, a  more realistic simu-
lation of clinical conditions could be 
achieved by using animal organs, such 
as the liver. Indeed, although the gel 
model is commonly used for this type of 
experimentation, its properties do not 
reflect the complexity of human bio
logical tissues. Clearly, it is essential that 
such experiments be conducted in com-
pliance with current ethical regulations, 
resorting to alternative models when-
ever possible.

Furthermore, a  study at 37  °C could 
better simulate the patient’s body tem-
perature, and a comprehensive view of 
the ice ball dimensions achievable with 
all types of cryoprobes would ensure 
greater safety for the operator and opti-
mal treatment for the patient.

Conclusion
This study considered cryoablation, 
a specific technique of thermal ablation 
that is becoming increasingly relevant 
in oncology for the minimally invasive 
treatment of tumors.

In particular, the experiment, con-
ducted on ultrasound gel at room 
temperature, allowed for the moni-
toring and measurement of the ice 
ball dimensions obtained with the 

70%, among the various configurations, 
the width and depth decrease by 2– 7%, 
while the height decreases by 2– 5%. At 
50% freezing intensity, the width de-
creases by 8– 13%, the depth by 7– 13%, 
and the height by 5– 10%. Instead, 
a  more evident reduction is observed 
starting from a 50% power reduction to-
ward greater reductions, up to a 20% re-
duction where the synergy among the 
various needles in the multiple config-
urations is still ensured, and a single ice 
ball is generated for each configuration. 
At this level of power reduction, the di-
mensions undergo greater decreases –  
the width decreases by 21– 27%, the 
depth by 16– 27%, and the height by 
14– 21%.

The percentage range provided for 
each dimension encompasses the value 
reductions that the dimensions undergo 
in different configurations (single or 
multiple). Therefore, it is possible to con-
firm what was previously described in 
relation to the graphs in Fig. 5– 8, stating 
that the dimension that undergoes the 
least variation is the height (the dimen-
sion parallel to the longitudinal axis of 
the needle), while width and depth are 
the dimensions that show the most sig-
nificant reductions in value as the treat-
ment is weakened.

Furthermore, both from the non-
linear graphs in Fig. 3– 6, as well as from 
Tab.  3, it is evident that there is no di-
rect proportionality between the reduc-
tion in freezing intensity and the de-
crease in dimensions. In fact, through 
Tab. 3, it can be seen that at 50% freez-
ing intensity, there is not a 50% decrease 
in size, but rather a significantly smaller  
reduction.

Although all configurations have been 
analyzed, it is important to specify that, 
in clinical practice, the configuration 
for which it is most necessary to under-
stand the variation in size as a function 
of freezing intensity is the single config-
uration. In fact, when multiple configu-
rations are used to cover a larger tumor 
area, but there is a need to reduce treat-
ment intensity –  because, for exam-
ple, there may be a body structure that 
needs to be preserved near the tumor –  
only one of the needles typically has its 
freezing intensity reduced. Specifically, 

Overall, the data show minimal di-
mensional changes between 100  and 
70% freezing intensity, as well as be-
tween 70 and 50%. However, a more ev-
ident reduction appears starting from 
50% down to lower freezing intensities.

Fig. 10 presents a schematic represen-
tation (1  : 2 scale) of the ice balls (0 °C 
isotherms) generated for each needle 
configuration at different freezing in-
tensities throughout the experimental 
study.

To interpret the decrement factors in 
Tab. 2, take for example the widths of the 
ice balls from the single configuration at 
100% and 70% freezing intensity. Accord-
ing to Tab. 1, the two values are 30 mm 
and 28 mm, resp. Therefore, by calculat-
ing the ratio between the dimension at 
70% and the one at 100%, the following 
is obtained: RF  =  D(p)/ D(100%)  =   
= 28 mm/30 mm = 0.9333.

This factor, found in the first row (in-
dicating a reduction from 100% to 70%) 
and the first column (representing the 
specific dimension under the corre-
sponding configuration) of Tab. 2, indi-
cates that the dimension of the ice ball 
at 70% freezing intensity is approxi-
mately 93.33% of its dimension at 100% 
freezing intensity.

In other words, the dimension has 
been reduced by 6.67% compared to its 
initial value –  a  value calculated using 
formula 1.3. Therefore, in the example 
considered, we have: %decrease = [1 − 
– 28 mm/ 30 mm] * 100 = 6.67%.

All decrement factors listed in Tab. 2 
can be interpreted in this way. Mean-
while, the percentage decreases as cal-
culated using formula 1.3, and is ex-
perienced by the three dimensions of 
the ice balls at the various freezing in-
tensity reductions, which are shown 
in Tab. 3.

For each configuration, the smallest 
values of decrement factors (Tab. 2) cor-
respond to the reduction from 100% to 
20% (last row of Tab. 2). This highlights 
what was previously stated, namely that 
minimal dimensional changes are ob-
served between 100% and 70% freez-
ing intensity (decrement factors close to 
one), as well as between 100% and 50%. 
Specifically, from Tab. 3 it is possible to 
observe that with a power reduction to 
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clinical effectiveness and reducing the 
risk of complications.
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ICEfxTM cryoablation system, which of-
fers the possibility to examine differ-
ent freezing intensities and configu-
rations of IceSphereTM cryoablation  
needles.

The results, obtained after a 10-min-
ute freezing cycle, show how reduction 
in freezing intensity non-linearly affects 
the ice ball dimensions, with an expo-
nentially decreasing trend. By creating 
a  table of decrement factors for each 
dimension for every configuration and 
freezing intensity, the aim was to pro-
vide the treatment staff with a  practi-
cal guide for cryoablation customiza-
tion. This allows for careful selection of 
the best configuration and freezing in-
tensity to treat the patient, ensuring 
that the entire tumor area is frozen while 
minimizing the risk of injury to adja-
cent sensitive anatomical structures that 
need to be preserved.

In conclusion, this study could repre-
sent a significant step forward in treat-
ment personalization, enhancing its 


