
1.Introduction 

 

Different strategies for thermal ablation therapy are 
in use. They include radiofrequency ablation, 
cryoablation therapy, laser ablation therapy, micro-
wave ablation and high intensity focused ultrasound 
ablation.  
 Radiofrequency ablation (RFA) is used to 
destroy pathological tissue by inducing tissue necro-
sis through the heating of targeted tissue [1]. While 
ablation is currently used in the treatment of differ-
ent diseases, tumour ablation is considered here, i.e. 
the treatment of cancerous tumours. Apart from 
RFA, thermal ablation therapy involves other strate-
gies employed in the destruction of cancerous tu-
mours.  
 Cryoablation therapy (or cryotherapy) uses 
liquid nitrogen (or the expansion of argon gas) to 
freeze and kill abnormal tissue. After numbing the 
tissue around the mass, a cryoprobe, which is shaped 
like a large needle, is inserted into the middle of the 
lesion. An ice ball forms at the tip of the probe and 
continues to grow until the images confirm that the 
entire tumour has been engulfed, killing the tissue 
[2, 3]. The cost of a cryoablation unit ranges up-
wards from $190,000 and each multi-use probe ap-
proximately $3750 [4].  
 Laser Ablation (or interstitial laser photoco-
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agulation) uses a highly concentrated beam of light 
to penetrate the cancerous tissue. The laser energy is 
emitted from an optical fibre placed within a needle 
positioned at the centre of the tumour using either 
stereotactic guidance or Magnetic Resonance Imag-
ing (MRI) [5, 6]. Two methods for delivery of light 
have been described to produce larger volumes of 
necrosis: multiple bare fibres in an array and cooled-
tip diffuser fibres. The major drawback to this tech-
nique is its cost, requiring $30,000 to $75,000 for a 
portable, solid-state laser and $3000 per set of multi-
ple (50) user fibres [7].  
 Microwave ablation (MWA) or microwave 
coagulation uses microwave tissue coagulator for 
irradiation. Ultra-high speed (2450 MHz) micro-
waves are emitted from a percutaneously placed mi-
crowave electrode inserted into the target tissue un-
der ultrasonographic guidance. Microwave irradia-
tion is carried out for about 60 seconds at a power 
setting of 60W per pulse. During irradiation, the ul-
trasonographic probe is placed adjacent to the micro-
wave electrode to monitor the effectiveness of the 
tumour coagulation [8, 9]. A typical microwave gen-
erator costs approximately $65,000 [10].  
 High Intensity Focused Ultrasound (HIFU) 
ablation is a noninvasive treatment modality that in-
duces complete coagulative necrosis of a deep tu-
mour through the intact skin. HIFU uses sound en-
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In recent years, there has been a growing need to advance the use of thermal ablation therapy as a minimally 
invasive technique in cancer management. Consequently, this study was undertaken to investigate the use of 
cryotherapy in cancer management, and to design a minimally invasive cryotherapy probe that is economical 
and will effectively destroy volumes of pathological tumours by means of hypothermia. While this paper intro-
duces many of the different strategies used in thermal ablation therapy, it specifically discusses the principle of 
cryotherapy systems and presents the work completed thus far in the design of a minimally-invasive cryother-
apy probe for effectively destruction of volumes of pathologic tumours in vivo.  
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ergy to produce heat [11 - 13].  
 This paper evaluates the design of a cryother-
apy probe as a minimally invasive device for hypo-
thermia therapy. 
  

2. Principles of cryotherapy  

 
Cryoablation therapy (cryoablation or cryotherapy) 
is a method of treatment that involves destroying 
abnormal tissue by freezing. Cryoablation is “the in 
situ freezing and devitalization of tissues, which can 
be applied to produce predictable zone of necrosis 
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that will destroy the target lesion as well as an ap-
propriate margin of surrounding tissue” [14]. An in-
strument probe (cryoprobe or cryoneedle) is placed 
in contact with the tissue to be frozen. When the 
probe is turned on, the cooling gas (usually argon or 
nitrogen) circulates through it, causing the tip to be-
come extremely cold until an ice ball similar to that 
obtained by Silverman et al. [15] is formed, as 
shown in figure 1. 
 The whole process involved in cryotherapy 
takes about 10 – 20 minutes to complete. The tem-
perature and duration of freezing necessary to induce 
complete killing and necrosis are based on numerous 
in vivo and in vitro animal studies, some of which 
have been reviewed by Gage & Baust [16]. Gener-
ally, it has been accepted that a minimum freezing 
temperature of -40oC must be reached for at least 3 
minutes for complete eradication of the tumour [17]. 
A rapid freeze followed by a slow thaw is the most 
damaging to cells. Available body of knowledge has 
established that a minimum of two freeze-thaw cy-
cles (freeze-thaw-freeze-thaw) was necessary for 
effective cryonecrosis to take place than a single cy-
cle [18].  
 

2.1 The basis for cryotherapy system 

A third generation cryotherapy system is based on 
an advanced gas expansion principle known as the 
“Joule-Thompson Effect” (or J-T effect). The J-T 
effect is a thermodynamic process which stipulates 
that the “temperature of a fluid is reduced in a proc-
ess involving expansion below a certain temperature 
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Figure 2: Schematic diagram of a gas-driven cryotherapy system  

Figure 1: Ice formation at the tip of the cryoprobe 

 



and pressure” [19]. The J-T effect involves the ex-
pansion of gas through an orifice and is used to 
change temperature within the cryoprobe tip. As gas 
moves from cylinder pressure (high) to a much 
lower pressure, it undergoes adiabatic expansion. In 
order to conserve energy, the temperature of the gas 
drops considerably. This is known as the Joule-
Thompson effect. The temperature drop can drop the 
temperature of the gas far below its dew point. As a 
result of the low temperature, any water condensa-
tion is rapidly frozen [20]. As this condensation 
takes place in the cryoprobe tip, ice ball is formed. 
This ice ball formation is what is employed in 
cryotherapy. The cooled tip removes heat from the 
treatment site and results in tissue freezing adjacent 
to the cryoprobe. A diagram illustrating the J-T ef-
fect and its application in the cryotherapy system is 
shown in figure 2 [21].   
 The J-T effect can produce either heating or 
cooling of an expanded gas. This occurs depending 
on the nature of the gas and its temperature and pres-
sure before expansion. For most fluids like argon, 
nitrous oxide and nitrogen, flow through the orifice 
results in a dropping of both pressure and tempera-
ture. However, some fluids like helium have a 
“reverse Joule-Thompson” effect. This means that 
instead of the temperature dropping along with the 
pressure, the temperature actually increases. This 
rise in temperature of helium when it undergoes the 
J-T effect lends it to a useful application in cryother-
apy. Thus, helium gas is used during the thawing 
process. After adequate freezing, helium gas re-
places the cryogen and is used to thaw the cryoprobe 
at the end of the procedure to warm it and facilitate 
its removal [22].  
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2.2. Evolution of cryotherapy systems 

The third generation cryotherapy system emerged in 
the late 1990’s. The evolution of the third generation 
cryotherapy system as a result of technological ad-
vancement made possible the transition from larger 
cryoprobes to smaller cryoneedles, and argon gas 
instead of liquid nitrogen as cryogen. Third genera-
tion cryoablation systems include gas-driven 17-
gauge (1.47mm) cryoneedles that use the Joule-
Thompson principle in which different gases un-
dergo unique temperature changes when depressur-
ized – according to unique gas coefficients [23]. Ta-
ble 1 below summarizes how cryotherapy systems 
have evolved over the years.  
 

3. Description of cryotherapy probe design 

 
The cryotherapy probe was designed on a Solid-
Works platform. Figure 3 is a schematic drawing of 
the probe showing the different parts. The drawing 
shows the probe nozzle, cap, spacer, fittings, seal 
and standard gas pneumatic pipes. The probe tip is 
made of a long stainless steel needle. The size of the 
needle used is 14G x 3-1/4” with a diameter and 
length of 2.1 x 80 mm. 
 In figure 3, there are two flexible gas con-
veying tubes. The first tube is the inlet for cryogen 
(argon or nitrogen) which flows into the cryoprobe 
through the fitting assembly. The fitting assembly 
comprises a silicone seal and two hexagons threaded 
unto the fitting assembly. From here the cryogen is 
forced into the smaller (0.5 mm diameter) needle at 
high pressure, from where it expands into the larger 
(1.65 mm diameter) needle at a lower pressure. The 
expansion of cryogen from the smaller to the larger 

Generation Technique RTM* Probe Diameter No. of probes used  

simultaneously 

1st (1960’s) Liquid nitrogen No Large diameter probes Single probe 

2nd  
(late 1980’s to 1990’s) 

Liquid nitrogen Yes Smaller diameter probe 
(3.3 mm) 

Up to 6 probes 

3rd (from late 1990’s) Argon gas** Yes Ultrathin cryoneedle 
(1.47 mm) 

Up to 25 probes 

Table 1:  Evolution of cryotherapy systems  
 
 
 
 
 
 
 
 
 
 
 

*Real-time monitoring with ultrasound         **Joule-Thompson effect 



needle and the resulting drop in pressure due to the 
J-T effect forces a drop in temperature at the tip of 
the larger needle. This leads to ice ball formation 
following the principle already explained. As the 
cryogen expands through the larger diameter needle, 
a return path out of the cryoprobe is provided 
through the fitting assembly, the second hexagonal, 
and out through the second flexible gas conveying 
tube. The nozzle front is a long, hollow stainless 
steel tube housing the probe components. The nozzle 
back is a cap that closes the back of the probe, al-
lowing a small opening for the flexible gas convey-
ing tubes to exit the cryoprobe. 
 

4. Discussion and application 

 
Medical applications for cold temperature include 
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the moderate effect of ice for reduction of superficial 
inflammation or pain, and the more potent cryother-
apy ablation where a temperature of less than -50oC 
is applied for more than 10 minutes [24]. The 
cryoablation treatment mechanism is described by 
Kaufman et al. [22]. Freezing creates cell death by 
formation of intracellular ice crystals, which in turn 
creates a hyperosmolar environment. This environ-
ment causes cell dehydration and shrinkage, enzyme 
denaturation, and dysfunction of the cytoskeleton 
and membrane. Rapid freezing followed by gradual 
thawing is employed to maximize these effects [25]. 
Many studies have been conducted over the past few 
years to prove the effectiveness of thermal ablation 
therapy in tumour management. Some of the earliest 
studies in cryoablation were conducted be Sewell 
[26], who is credited with conducting the world’s 
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Figure 3: Schematic diagram of the cryoprobe 



first MRI renal cryosurgeries to destroy kidney tu-
mours in 1999. Since then, cryoablation and RFA 
techniques have been applied in destroying soft tis-
sue, adrenal, head/neck, liver and musculoskeletal 
cancers with reasonable success. Cryoablation has 
also been applied in the treatment of fibroadenomas 
[22], as well as breast cancers with excellent results. 
Studies conducted by Bachmann et al [27] reported 
the suitability of the procedure for the treatment of 
small tumours using ultrathin 1.5 mm cryoprobes. 
Other reports and studies have shown the use of 
cryoablation by cardiothoracic surgeons in the treat-
ment of irregular heart beats, and in the treatment of 
chronic atrial fibrillation [28].  
 Some FDA approved cryoablation devices 
for prostate cancer treatment are currently available 
in the United States. The SeedNet cryotherapy sys-
tem introduced in the 1990’s [17] and Oncura 
(Plymouth Meeting, PA) uses pressurized argon as 
the cryogen, and up to 25 17-gauge cryoneedles can 
be deployed simultaneously to create a conformal 
freezing pattern. The iceball created by the Oncura 
system is approximately 2cm in diameter [29]. The 
Cryocare CS system developed by Endocare Inc 
(Irvin, CA) also uses pressurized argon gas as cryo-
gen and can freeze up to eight 3-mm probes simulta-
neously. The iceball created by the 3-mm probe is 
approximately 4cm in diameter and 4-5cm in length 
[23].  
 All of the cryotherapy units and cryoprobes 
reviewed are manufactured overseas and are very 
expensive and not yet widely available for use in 
Africa. The cost of a cryoablation unit ranges up-
wards from $190,000.00, with each multi-use probe 
costing about $3,750.00 [30]. This clearly puts the 
overseas-made unit way out of reach of most aver-
age hospitals in Africa and further highlights the 
need to develop a locally made economical unit that 
is cost effective and more widely available. The lo-
cal availability of all materials required for the 
manufacture of the cryoprobe in this study will 
translate to a drastic reduction in the cost of the 
probe. However, a major challenge encountered dur-
ing this study was the unwillingness of local manu-
facturing firms to produce the prototype probe. Their 
unwillingness is rooted in the fact that producing 
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only a prototype will not be as profitable for them as 
mass production. Due to this challenge, tests could 
not be conducted to evaluate the effectiveness of the 
prototype.  
 While work on the cryoprobe described in 
this study is still ongoing, a main objective of this 
study is to produce an economic probe will drasti-
cally reduce cost and bring the use of cryotherapy 
closer to the doorsteps of patients and physicians in 
Africa. 
 

5.  Conclusion 

 
The use of thermal ablation therapy as a treatment 
option for the management of cancerous tumours is 
yet to see widespread application in Sub-Saharan 
Africa. This challenge, partly attributable to limited 
access and exorbitant costs involved in the treat-
ment, has led to a growing interest in research into 
developing a cost-effective application device for 
cryotherapy such as the cryoprobe proposed in this 
paper. While work is still on-going in developing 
and testing the cryoprobe, it is hoped that this re-
search effort will produce a device that will bridge 
the gap and make treatment more accessible and af-
fordable to patients across Sub-Saharan Africa.  
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