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Abstract Although rare, unintended thermal injury to

organs surrounding the ablation zone can lead to severe

complications. Over the past 15 years, different protective

methods have been developed to limit risk of complica-

tions, and expand indications to include more challenging

lesions in various locations including liver, kidney, lung

and bone. The most frequently used techniques include

hydrodissection, carbodissection, balloon interposition and

probe torqueing. In most cases, tumours can be physically

separated from sensitive structures, reducing risk of ther-

mal injury. Endoluminal cooling/warming is an alternative

option for complex ablations close to the ureter or major

bile ducts. Different techniques may be combined to

achieve successful protection in locations with complex

anatomy. The purpose of this review is to provide an

overview of available protective measures and discuss

respective advantages/drawbacks.

Keywords Percutaneous thermal ablation �
Protection � Cryoablation � Radiofrequency ablation �
Hydrodissection

Introduction

Percutaneous thermal ablation is an effective treatment for

benign and malignant tumours in various locations (e.g. lung,

liver, kidney, adrenal, bone and soft tissue) [1–5]. Although

minimally invasive, the technique carries a risk of thermal

injury to sensitive structures in the vicinity of the ablation

zone and may result in a range of complications depending

on target lesion location, including biliary/diaphragmatic

injury (liver), pelvicalyceal/ureteric stricture (kidney),

bowel perforation (liver, kidney, adrenal) and nerve deficit

& Julien Garnon

juliengarnon@gmail.com

Roberto Luigi Cazzato

gigicazzato@hotmail.it

Jean Caudrelier

Jean.caudrelier@chru-strasbourg.fr

Maud Nouri-Neuville

Maud.nouri.neuville@gmail.com

Pramod Rao

pramodrao@me.com

Emanuele Boatta

Emanuele.boatta@chru-strasbourg.fr

Nitin Ramamurthy

Nitin_ramamurthy@hotmail.com

Guillaume Koch

Guillaume.koch@chru-strasbourg.fr

Afshin Gangi

gangi@unistra.fr

1 Department of Interventional Radiology, University Hospital

of Strasbourg, 1, place de l’Hôpital, 67096 Starsbourg Cedex,
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(bone/soft tissue) [6–8]. Initially, a distance of less than 1 cm

between the tumour and vulnerable surrounding organ was

considered a contraindication for thermal ablation [9, 10].

Most operators continue to recommend a minimum 1-cm

‘‘rule of thumb’’ safety margin for all tumour type/locations,

ablation modalities and adjunctive protection techniques;

however, larger (e.g. kidney) or smaller (e.g. spine, liver)

distances may be appropriate in selected cases.

Several different thermo-protective techniques have been

developed in order to expand indications for thermal ablation

while limiting risk of complications. These techniques have

continuously evolved with the development of novel ablation

modalities [e.g. microwave ablation (MWA) and cryoabla-

tion (CA)] and newer treatable anatomic locations [11–14].

The purpose of the present paper is to review the spectrum of

available thermo-protective measures, illustrate their princi-

ples and discuss respective advantages/drawbacks.

External Displacement

External organ displacement has been described in the

literature for complex approaches during percutaneous

abdominal biopsies. Manual compression or external

compression devices may displace bowel loops away from

target lesions, improving lesion accessibility [15, 16].

Tuncali et al. utilised external displacement of bowel loops

during MRI-guided cryoablation (CA); with manual com-

pression, the authors achieved between 0.8 and 2.6 cm

separation between tumour and bowel, enabling safe

ablation without immediate or delayed perforation [17].

The principal drawback is that external/manual pressure

has to be maintained during the entire procedure, limiting

its use during CT-guided ablation. As a passive protection

method, it is compatible with CA (where ice ball margins

are well seen), but more limited during heat-based thera-

pies, where ablation zone margins are poorly defined and

adequate separation is difficult to verify.

Endoluminal Cooling/Warming

The principle of endoluminal cooling/warming is to instil

fluid (generally saline) through an existing anatomic hol-

low/tubular organ adjacent to the ablation zone, in order to

prevent thermal injury to the mucosa and avoid secondary

perforation and/or stricture.

Biliary Cooling

Biliary cooling is performed by infusing 5% dextrose–

water solution (D5W) or saline within the proximal bile

ducts, in order to prevent thermal biliary injury, and avoid

bile duct strictures which typically manifest 3 to 4 weeks

post-procedure [18, 19]. The technique is used during heat-

based ablation of central liver tumours (\ 1 cm from

common or left/right hepatic ducts), and particularly for

lesions \ 6 mm away which are at high risk of thermal

injury [20].

Most authors advocate the endoscopic placement of a

naso-biliary tube (5 Fr) in the major bile duct adjacent to

the target lesion prior to ablation [21]. Direct percutaneous

transhepatic biliary catheter placement is also possible, but

technically challenging in the absence of biliary dilatation

[22]. Cooled (5–8 �C) D5W or saline is infused via a

pressure bag at a rate of 1–2 ml/s throughout the procedure

until ablation is completed [19].

Several porcine studies have demonstrated the efficacy

of biliary cooling to prevent thermal injury to the biliary

epithelium and sub-epithelial glands, limiting the risk of

secondary biliary stenosis [23], without negatively

impacting ablation zone size [24]. In a clinical setting, the

benefit of biliary cooling has mainly been demonstrated

during hepatic RFA [18, 19, 21]. Ohnishi et al. compared

outcomes of central liver tumours treated with RFA, with

and without biliary cooling, and reported a significant

reduction in biliary complication rate in the intraductal

cooling group (2.5%) compared with controls (46%) [21].

Improved preservation of liver function at 6-month follow-

up was also noted in the cooling group [21]. Felker et al.

[19] also reported similar oncological outcomes between

cooled and non-cooled-groups, suggesting that intraductal

cooling does not compromise local tumour control. Expe-

rience with other ablation modalities is currently limited

[22]. The main disadvantage is the small risk of compli-

cations related to endoscopic/percutaneous insertion.

Pyeloperfusion

Continuous irrigation of the collecting system has been

proposed to limit the risk of unintended injury to the

urothelium, which may result in urinary stricture and

possibly urinoma [25–27]. The technique is used during

ablation of central or medial/inferior renal tumours

\ 1.5 cm from the ureter/ureteropelvic junction, which is

at particular risk [28].

Access to the collecting system may be obtained through

an antegrade or retrograde approach [28–30]. Antegrade

pyeloperfusion is performed through a standard 4 Fr

nephrostomy tube, with a Foley catheter in the bladder to

drain the injected fluid. Cooled D5W (2–6 �C) for RFA, or

warmed saline (38–40 �C) for CA, is infused via the

nephrostomy tube throughout the procedure [28, 30, 31].

There is no clear recommended flow rate in the literature.

In an animal study, Isfort et al. [31] failed to protect the

urothelium from MWA-mediated injury using a flow rate
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of 10 ml/min; however, another porcine study demon-

strated significant reduction in RFA-mediated urothelial

injury using manual injection at 1 ml/s [30]. The difference

may reflect lower efficacy of pyeloperfusion for MWA than

RFA; nevertheless, a flow rate of 1–2 ml/s appears advis-

able. The retrograde approach is performed using an open-

ended ureteral catheter (6 Fr) endoscopically positioned by

a urologist in the renal pelvis (Fig. 1) [32]. Cooled D5W/

warmed saline (for RFA/CA) is continuously infused at a

pressure of 80 cm H20, for a total volume of 1–2 litres

depending on duration of ablation [32]. Similar to the

antegrade approach, a Foley catheter is positioned in the

bladder to remove the fluid. The urethral catheter may be

fixed to the bladder catheter or to the patient to prevent

displacement [32] and is usually removed immediately or

the following day (except in high-risk cases where it may

be exchanged for an internal drainage catheter and left

in situ for 6–9 weeks) [33]. Although there are no com-

parative studies, retrograde pyeloperfusion is favoured in

the literature, probably because anatomical access is less

technically demanding and does not increase risk of

bleeding.

The efficacy of pyeloperfusion to protect the collecting

system from thermal injury, without negatively impacting

ablation zone size, has been demonstrated in an animal

model [30]. Several clinical studies have confirmed feasi-

bility, safety and efficacy during RFA and CA, with a

significant decrease in number of complications

[28, 29, 32, 34, 35]. However, it should be emphasised that

complications, especially ureteral strictures, may still occur

[34, 35]. Some data suggest that pyeloperfusion does not

appear to compromise oncological outcomes following

Fig. 1 Kidney cryoablation with retrograde pyeloperfusion. A Axial

contrast-enhanced MRI (arterial phase) demonstrates recurrent post-

operative clear cell carcinoma (arrowheads), referred for percuta-

neous cryoablation. B Axial contrast-enhanced MRI (delayed phase)

illustrates the ureter (arrow) in close proximity to the tumour. C An

open-ended ureteral catheter is advanced by the urologist under

cystoscopic and fluoroscopic guidance. D MRI-guided cryoablation is

then performed, while continuously warming the ureter throughout

the procedure
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renal RFA and CA [34, 35]. On the other hand, Breen et al.

[36] recently demonstrated that cryoablation procedures

associated with pyeloperfusion were less likely to experi-

ence primary technical success. Interestingly, pyeloperfu-

sion may be applied outside renal ablation and has been

sporadically reported for ureteric protection during pelvic

ablation procedures [37].

Other

Theoretically, any hollow organ can be protected using

endoluminal cooling or warming. Urethral warming using a

dedicated closed-loop warmer device is performed during

whole-gland prostate cryoablation, in order to avoid ure-

thral sloughing/stenosis [38, 39]. Rectal warming has also

been described to protect the rectal mucosa during prostate

cryoablation [40]; however, the system is cumbersome

with limited clinical applicability [40]. Nevertheless, the

technique could be considered during ablation of complex

pelvic tumours abutting the rectum. Finally, tracheal and

oesophageal cooling during intrathoracic ablations has

been reported, with variable efficacy [41, 42].

Organ Filling/Emptying

Certain organs may be deliberately filled or emptied in

order to facilitate access to a lesion, and/or increase dis-

tance from the ablation zone. For example, Levit et al. [43]

reported on 6 cases the feasibility of bile aspiration from

the gallbladder during RFA of liver tumours less than 1 cm

from the gallbladder wall, in order to increase distance

from the ablation zone. Emptying the stomach may be

useful to optimise access to left hepatic/renal lesions,

particularly if the stomach is distended with gas following

induction of general anaesthesia. Finally, certain organs

such as the bladder may be intentionally filled, in order to

displace vulnerable structures away from target lesions and

enable safe ablation (Fig. 2).

Percutaneous Techniques

Probe Torqueing/Traction

Manual traction on thermo-probes may physically displace

tumours away from vulnerable structures, avoiding collat-

eral damage and thermal sink effects [33]. The technique

Fig. 2 MRI-guided cryoablation of a single iliac lymph node

metastasis from melanoma. A Axial PET-CT shows an FDG avid

left external iliac lymph node. B The lesion (asterisk) is in close

vicinity to the colon (arrow) and external iliac vessels (dotted arrow).

C A double-lumen bladder catheter (black arrow) is inserted and the

bladder is filled with 1L of saline, thereby displacing the bowel (white

asterisk) and facilitating subperitoneal hydrodissection (black aster-

isk). D, E This permits aggressive treatment of the lesion, with the ice

ball (appearing as a signal void) covering the tumour with safety

margins. Note extensive subperitoneal hydrodissection (black aster-

isk) enabled by filling the bladder
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has mainly been reported using expandable RFA and CA

devices [11, 44]. With expandable electrodes, the tines

firmly anchor the RFA probe within the tumour, enabling

lesion mobilisation by pulling on the co-axial introducer

system [6]. With cryoprobes, it is possible to freeze

(cryoadhese) the probe tips within/around the tumour (us-

ing lower freezing power/‘‘stick mode’’), allowing the

lesion to be retracted away from vulnerable structures prior

to full-strength ablation (Fig. 3) [45]. However, care must

be taken to avoid cryoprobe disengagement during the

thawing phase [45]. Straight RFA/MWA needles may also

be used, but serve only as levers since they are not fixed

inside the lesion.

Probe torqueing/traction has mainly been described in

the kidney, lung and liver [44, 46, 47]. During renal

ablation, the technique may be used to displace tumours

away from the bowel or ureter [47, 48], but efficacy is

limited. In the few reported cases, tumour/bowel separation

achieved during RFA did not exceed 8 mm [48]. In the

lung, greater tumour retraction is possible due to increased

tissue compliance, and lesions may be displaced greater

than 1 cm. This is of particular interest for tumours adja-

cent to the diaphragm, mediastinum, brachial plexus and

chest wall (Fig. 4) [49, 50]. An additional iatrogenic

pneumothorax may also facilitate further increased tumour

retraction, as the lung becomes more mobile [6].

Hydrodissection

Injection of fluid between lesions and vulnerable structures

is an effective, inexpensive method of thermal protection.

Feasibility and utility are supported by a wide literature

base, including thoracic, abdomino-pelvic, spinal and peri-

articular ablations [11, 48, 51–53]. To perform hydrodis-

section, a small-calibre needle (usually 20G or 22G) is

introduced between the ablation zone and vulnerable sur-

rounding organ(s) under imaging guidance, and a variable

volume of fluid is injected until adequate separation (usu-

ally 1 cm) is obtained [11, 33]. Distribution of fluid

depends on the precise tissue plane in which the needle tip

is located, and detailed knowledge of local anatomy is

essential to ensure adequate dissection [54].

Type of hydrodissection fluid is carefully selected

depending on ablation modality. Due to its intrinsic elec-

trical conductivity, saline should not be used with RFA,

and instead 5% dextrose in water is preferred [11, 33, 52].

Saline may be safely used in combination with MWA, CA

and laser ablation since these modalities do not risk con-

duction of electrical current [55–57].

Fig. 3 Cryoablation of a primary lung cancer. A, B Axial CT scan

(A mediastinal window; B lung window) illustrates a mass located

close to the diaphragm, stomach and the aorta (white asterisk in A;

black in B). C A cryoprobe is inserted inside the lesion using a

posterior approach. D Using ‘‘stick mode’’ (which uses low freezing

energy to cryoadhese the probe tip inside the lesion) and applying

gentle traction, the probe is retracted to move the tumour 2 cm away

from its initial position. E, F An additional iatrogenic pneumothorax

using CO2 is performed using a 22G needle (arrow in E), to increase

lung mobility and optimise tumour retraction
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Volume of injected fluid is highly variable, depending

on the anatomic location of ablation and type of organ

requiring protection, and may range from a few millilitres

to more than two litres [58, 59]. As reported in the peri-

toneum, retroperitoneum, mediastinum and epidural space,

large-volume hydrodissection is safe, since saline/D5W

spreads through the tissues without inducing compressive

effects [54, 59, 60]. However, care should be taken to inject

as little as necessary, as very high volumes (several litres)

may result in life-threatening hydro-electrolytic disorders

[61].

One major advantage of hydrodissection is the ability to

precisely monitor fluid distribution and organ displacement

using imaging guidance (US, CT, MRI) [53, 55, 62]. Vis-

ibility with CT guidance can be significantly improved by

diluting fluid with non-ionic contrast media [63]. Optimal

dilution is obtained using a contrast/fluid ratio of 1:50,

which facilitates good visibility without streak artefacts

[60, 63]; improves differentiation between injected fluid,

tumour and adjacent tissues [60, 64]; and may even outline

occult anatomic structures in negative, such as small nerves

[60].

Hydrodissection has several further advantages. It

allows difficult-to-access lesions (mediastinum, pelvis) to

be targeted by pushing away the surrounding organs

(Fig. 5) [60, 65]. During US-guided procedures,

hydrodissection (in the form of artificial pleural effusion/

ascites) may create a clear acoustic window, enabling

access to lesions in difficult-to-image locations such as the

hepatic dome [54]. Hydrodissection also provides both

passive and active thermal protection. Passive protection

results from insulation and convection effects secondary to

increased distance and fluid interposition between the

ablation zone and surrounding organ(s). Active protection

is performed via continuous injection of warmed/cooled

fluid during ablation [11]. Efficacy may be monitored using

a thermosensor placed next to sensitive structures, enabling

control over local temperature in real time [11]. This is

Fig. 4 Lung RFA of a subpleural metastasis. A, B Two straight

probes are inserted within the pulmonary mass using a posterolateral

approach. C, D To avoid unintentional chest wall/pleural injury, the

two electrodes are used as a lever to displace the tumour medially and

increase distance from the thoracic wall
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particularly helpful for complex ablations, e.g. in the spine

(Fig. 6) [57, 66]. Finally, hydrodissection can help reduce

thermal sink effects by displacing vessels away from the

ablation zone [60].

Efficacy of hydrodissection has predominantly been

documented for kidney and liver ablations. Using injection

volumes of 250–500 ml, structures such as the colon, small

bowel and lumbar muscles can be effectively protected

during renal ablation [33, 48, 67]. Oncological results do

not appear to be compromised, although the literature

remains scarce [68]. During liver ablation, artificial ascites

(peritoneal hydrodissection) is widely performed to protect

the diaphragm and intra-abdominal organs (Fig. 7)

[54, 58]. In a study of 44 lesions located in the liver dome,

Kang et al. [69] showed that artificial ascites significantly

mitigated the risk of diaphragmatic thermal injury without

decreasing oncological efficacy. Similar results have been

reported in the spine, where hydrodissection was success-

fully utilised during laser ablation of osteoid osteomas

close to the spinal cord without negatively impacting local

efficacy [59].

Hence, hydrodissection is a safe, inexpensive thermo-

protective technique which facilitates protection of vul-

nerable surrounding organs in most locations. Technical

failure is rare, but may occur in the presence of post-op-

erative adhesions, or if the fluid disperses away from the

injection site [11, 48, 70].

Gas Dissection

Thermal protection by percutaneous injection of room air

or CO2 is possible [11, 48, 66, 71]. However,

Fig. 5 RFA of a small lung metastasis. A Axial CT scan demon-

strates a small nodule (arrow) located close to the trachea, difficult to

target. B A 22G spinal needle is advanced in the posterior

mediastinum using a paravertebral approach (dotted arrow). Proper

dilution of contrast within D5W is checked by putting the syringe on

the skin of the patient (black asterisk). C Injection of D5W mixed

with contrast media (black asterisk) enables lateral displacement of

the tumour (arrow) away from the mediastinum, creating a safer and

more straightforward access pathway. D An RFA probe is more easily

introduced, distant from the trachea, and avoids any thermal injury to

the large airways
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Fig. 6 RFA of a small spinal metastasis. A Axial contrast-enhanced

MRI shows a metastasis from thyroid carcinoma abutting the

posterior wall of the vertebral body (arrow). B A 13G bone trocar

is advanced towards the canal using a posterolateral approach. C A

28G thermosensor is carefully advanced inside the epidural space

(arrow). D An additional 22G spinal needle is inserted co-axially,

parallel to the thermosensor inside the bone trocar (dotted arrow), to

perform epidural hydrodissection. E Lateral fluoroscopy illustrates

both the spinal needle (dotted arrow) and thermosensor (arrow). F A

bipolar RFA probe is inserted within the lesion (arrowhead).

G Hydrodissection (black asterisk) is performed to create a safe

distance between the spinal cord and posterior vertebral wall. The

thermosensor continuously monitors local temperature throughout the

ablation phase, increasing procedural safety and guiding need for

active cooling using hydrodissection. H Axial contrast-enhanced MRI

with subtraction at one-month follow-up shows complete devascu-

larisation of the tumour, without any damage to the spinal cord

Fig. 7 Artificial ascites. A Coronal T1-weighted MRI demonstrates a

small liver metastasis (arrow) abutting the diaphragm. B Anteropos-

terior fluoroscopic view shows the microwave antenna in position

(dotted white arrow). A 5F catheter (black arrow) is positioned in the

peritoneum between the liver dome and the diaphragm. C Coronal CT

scan before and D after injection of 100 ml diluted contrast in saline

demonstrates generation of a safe distance between the ablation zone

and diaphragm (double black arrow)
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carbodissection is the preferred method due to the much

lower risk of symptomatic gas embolism than with room

air, should gas enter the intravascular space [66, 72].

Feasibility and safety have been widely demonstrated

during laparoscopy in various locations including the

pleura, peritoneum and retroperitoneum [72].

CO2 dissection can be easily performed using the same

device as for CO2 angiography [73]. Following placement

of a small-calibre needle in the desired anatomic space, the

CO2 injection system is connected to a CO2 bottle on the

one side and the needle on the other side [11, 73]. Fol-

lowing test injection of a small volume to confirm correct

distribution, gas insufflation is continued until desired

tumour–organ separation is achieved. CO2 is easily seen on

CT, as it appears completely hypoattenuating (like air)

[11, 73]; however, US-guided carbodissection is not rec-

ommended due to the poor acoustic window following CO2

injection [11].

Required injection volume to achieve sufficient protec-

tion is highly variable and depends on the anatomic loca-

tion of injection and rate of reabsorption. In one study,

involving 37 patients, volume ranged from 10 ml in the

epidural space to 1500 ml in the abdomen [73]. In practice,

it is usually necessary to re-inject CO2 regularly because it

is quickly resorbed; careful monitoring with intermittent

CT during ablation is therefore mandatory to ensure ade-

quate protection throughout the procedure.

Similar to hydrodissection, CO2 injection may be used

to enable access to lesions (via organ displacement) and/or

facilitate thermal protection (Fig. 8) [73, 74]. CO2 is an

excellent thermal insulator, superior to air [73], and offers

effective protection not only by pushing vulnerable organs

away, but also by creating a thermal shield insulating the

organ from RFA, CA, MW or laser energy [11]. One

limitation is that gas distributes in the non-dependent

portions of the targeted anatomic space [73]. Hence, CO2

Fig. 8 Cryoablation of a diaphragmatic nodule of endometriosis.

A Axial unenhanced T1 W MRI shows a hyperintense diaphragmatic

nodule (arrow). B Iatrogenic pneumothorax (asterisk) is created

following CO2 injection using a 22G spinal needle (dotted arrow), in

order to obtain safe access to the lesion. C A 17G cryoprobe is

inserted inside the lesion without damaging the lung. D CO2 is re-

aspirated at the end of the procedure
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protection should be preferentially used when the vulner-

able structure is anterior to the tumour [39]. Carbodissec-

tion can be combined with hydrodissection for complex

cases (Fig. 9).

Dissection with Other Agents

One of the major limitations of hydro-/carbodissection is

diffusion of fluid/gas away from the injection site during

the procedure. Several novel agents have been developed to

overcome this issue and create a durable interface between

the tumour and surrounding organ(s). Most available pub-

lications are small case series, and there is currently

insufficient evidence to support routine implementation.

Autologous blood has been described as an inexpensive

and effective agent to artificially increase the distance

between the prostate and rectum during prostatic CA [75].

As injected blood turns into clot, a long-lasting widening of

the inter-prostatorectal space is achieved. Fibrillar colla-

gen, an absorbable bovine haemostatic agent, has been

used in 3 cases of liver ablation and facilitated significant

(15–21 mm) durable separation of the colon and stomach

[76]. Similarly, injection of a mixture of hyaluronic acid

gel and contrast successfully separated the gastrointestinal

tract in 11 patients undergoing liver ablation [77].

Novel thermo-protective gels have also emerged in the

market. Poloxamer 407 (P407) is a non-ionic surfactant

consisting of tri-block co-polymers, initially developed as a

drug carrier, which can be injected as a liquid at room

temperature, and transitions into a semi-solid gel at body

temperature [78, 79]. This creates a durable barrier

throughout the ablation, which is gradually resorbed post-

Fig. 9 Cryoablation of a solitary retroperitoneal metastasis from

malignant pheochromocytoma. A Axial PET-CT shows an avid

metastasis located close to the aorta, pancreas and small bowel.

B Carbodissection (white asterisk) is performed through a 22G spinal

needle (arrowhead) to push away the colon (black asterisk) and create

a safe pathway for cryoprobe insertion (arrow). C In total, 3

cryoprobes (black arrowheads) and a further 4 hydrodissection

needles (white arrowheads) were inserted. D Following additional

hydrodissection, complete lesion coverage with the ice ball (dotted

circle) was possible, while mitigating the heat sink effect from the

aorta and avoiding any contact with the bowel (white and black

asterisks in D)
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procedure. According to ex vivo MWA studies, 5-mm-

thick gel results in a temperature difference of 18 �C
between both sides of the gel [78]. The mechanism of

action seems to be predominantly heat conduction, rather

than convection more associated with hydrodissection [79].

Efficacy/safety of the technique has currently only been

demonstrated in animal studies [80, 81].

Balloon Interposition

The principle of balloon interposition is to insert an

angioplasty or oesophageal balloon between the tumour

and vulnerable adjacent structure [11, 33, 48]. Although

there are different insertion methods, most authors advo-

cate use of a sheath over a 0.035-inch stiff wire

[11, 33, 48]. The sheath and co-axially inserted balloon are

inserted into the space between the tumour and adjacent

organ under imaging guidance, and the balloon is exposed

by carefully retracting the sheath. It is convenient to ini-

tially insert the sheath/balloon beyond the desired position,

since balloon retraction is easier than advancement [48].

Once in position, the balloon is inflated with air, facilitating

both physical displacement and creation of a thermal bar-

rier due to the insulating properties of air [11, 48].

The majority of current experience comes from renal

ablation, where balloon interposition has been used to

displace bowel away from the ablation zone [47, 82]. The

technique may be effective even when other methods such

as hydro-/carbodissection have failed [47]. Besides com-

plexity of insertion, the major drawback is the tendency of

the balloon to slide away from its initial position [48].

Hence, several balloons are usually necessary to achieve

satisfactory protection (Fig. 10). Most authors therefore

recommend balloon interposition as a second-line thermo-

protective strategy [11, 33, 48].

Fig. 10 Cryoablation of a large solitary metastasis from ovarian

cancer. A The lesion is intramuscular and protrudes towards the

peritoneal cavity (white asterisk). B, C In this case, both hydrodis-

section and carbodissection failed to protect the underlying small

bowel. Several balloons were therefore inserted to create a safe

distance between the ice ball and bowel (arrows in B, C). D In total, 4

balloons (white arrowheads on sagittal CT scan) were required to

protect the bowel loops

354 J. Garnon et al.: Adjunctive Thermoprotection During Percutaneous Thermal Ablation…

123



Conclusion

A wide variety of thermo-protective methods may used to

protect the surrounding organs during percutaneous ther-

mal ablation. Interventional radiologists should understand

how and when to use these techniques, in order to limit risk

of complications and enable treatment of lesions that would

otherwise be considered unsuitable for ablation.
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