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ABSTRACT:

Renal cryoablation is a treatment option for early stage renal cell carcinomas with excellent oncological outcomes and
low morbidity. This review outlines the technique of renal cryoablation and provides a guide for interventional radi-
ologists on setting up an integrated service within a renal cancer network multidisciplinary setting. Patient selection
and preparation, together with the technical aspects which ensure optimal oncological outcomes and avoid collateral

damage to adjacent organs are highlighted.

1) INTRODUCTION

Renal cancer is the eighth commonest cancer in the USA'
and the seventh commonest cancer in the UK* and the
majority are discovered at an early stage.” The increased
use of imaging has contributed to the increased detection
of small renal masses (SRMs)*%; defined as tumours smaller
than 4cm.

Nephron-sparing therapeutic options, such as partial
nephrectomy (PN) and thermal ablation, are the preferred
treatments for renal cell carcinomas (RCC). Of these,
renal cryoablation (RCYA) is a thermal ablative treatment,
which has an advantage of visualising the ablation zone
during treatment delivery. Whilst a randomised, prospec-
tive comparison with surgery is still awaited,® previous
large series reporting cryoablation for early stage RCC,
with long-term follow-up show comparable oncological
outcomes to surgery’ '* with fewer complications®® and
a shorter hospital stay.” Thermal ablation is now incor-
porated in the National Comprehensive Cancer Network
guidelines for the treatment of SRMs'! and by the Amer-
ican Urological Association regardless of age and perfor-
mance status.'?

Based on the current available evidence and our own exten-
sive experience,10 this review aims to provide an over-
view of RCYA including patient selection, technique and
follow-up, with the overall aim to help others develop a
RCYA practice.

2) INITIAL REQUIREMENTS TO COMMENCE A
RCYA SERVICE

Figure 1 summaries the important perquisites in order to
commence and sustain a successful RCYA service.

3) PATIENT SELECTION

Patient and lesion-specific factors are important consider-
ations in multidisciplinary team (MDT) discussions and
are considered below.

Patient-specific factors
Age and co-morbidities
Cryoablation has been suggested to be reserved for elderly
or co-morbid patients with SRMs,"> but the increasing
evidence base suggests cryoablation can also be consid-
ered for younger, fitter patients who are still candidates for

surgery.'*

Baseline renal function

Whilst a direct randomised comparison is awaited,® a
previous non-randomised series demonstrated a 3-year
freedom from chronic kidney disease of 70% for PN'® and
95% for radiofrequency ablation. A meta-analysis indicated
a non-significant trend to better preserved renal function
with ablation relative to PN'® and because there is generally
no decline in renal function following thermal ablation,"’
RCYA is at least equivalent to surgery and may be superior
in preserving renal function. RCYA therefore benefits those
patients who may require repeat treatments (multiple SRMs
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Figure 1. The important prerequisites to set up and maintain
a renal cryotherapy service. HFJV, high frequency jet ventila-
tion; MDT, multidisciplinary team.
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or RCC syndromes, e.g. von Hippel-Lindau (VHL) or Birt-Hogg-
Dubé) and those with poor renal function or solitary kidneys.

Lesion-specific factors

Size

There is now evidence that larger tumours can also be treated
successfully, with T1b tumours (<7 cm) demonstrating compa-
rable outcomes to Tla tumours (<4cm).”'® However, the
majority of the published literature focuses on Tla tumours so
one can be more assured of the oncological efficacy in treating
these smaller tumours. Larger tumours also require more needles
and careful planning of needle positioning.

Location

Posterior, exophytic lesions are generally easier to target and
less vulnerable to ‘freeze-sink;, whereby the thermal energy is
carried away by blood vessels adjacent to endophytic and central
tumours. However, a recent large series comparing anterior vs
posterior location, tumour centrality and polar location showed
similar oncological outcomes and complication rates.” Ante-
rior and central tumours can therefore be successfully treated,
although when establishing a cryoablation service, the less tech-
nically challenging posterior and exophytic lesions should be
prioritised.

Perinephric fat

Perinephric fat is an important consideration for urologists who
can find it difficult to dissect through if it is adherent to the
renal capsule and this results in increased operative times and
blood loss."* Conversely for ablation, large volumes of fat are
an advantage due to increased distance between the ice ball and
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surrounding non-target structures, sometimes negating the need
for hydrodissection (section 6).

Histological subtypes of renal cancer

RCC histopathological subtype or Fuhrman grade do not
routinely informthe decision to perform ablation, although this
reflects a selection bias, as higher-grade lesions or aggressive
subtypes are more likely to present with metastatic disease and
be unsuitable for ablation. There is limited evidence to suggest
worse oncological outcomes with RCYA in higher Fuhrman
grade lesions.?’

RCYA is frequently performed to treat VHL syndrome, where
70% patients will develop an RCC by aged 60*! and RCYA has
been shown to be safe and highly effective in treating Birt-Hogg-
Dubé syndrome-related RCC.** RCYA for metastases to the
kidney is described with good technical efficacy."®* However,
given that renal metastases occur in less than 1% of patients with
non-renal malignancy and there is frequently metastatic disease
elsewhere,” the scenario of isolated or oligometastatic renal
disease suitable for RCYA is not a common one and requires
careful MDT discussion.

Other
The lesion vascularity or presence of calcification on imaging
does not affect our decision to offer RCYA.

4) PATIENT PREPARATION AND
PERIPROCEDURAL CARE

Clinic review

Following an MDTdiscussion, patients should be reviewed in a
MDT clinic by the treating radiologist. The patient can be coun-
selled regarding conservative, radiological and surgical inter-
ventions which allows a full medical history and preoperative
assessment to be arranged.

Antiplatelet and anticoagulant medications

Bridging plans regarding anticoagulant or antiplatelet medica-
tion can be instituted following the clinic review. Specifically,
low dose aspirin is not routinely withheld, but other antiplatelet
agents and anticoagulant agents are managed as per established
guidelines.

Biopsy

SRMs are frequently benign. In one large study 19% were benign
and this rose to 42% in patients less than 40 years old.”® Unless
the patient has a renal cancer syndrome with comprehensive
imaging evidence of malignancy, a biopsy prior to RCYA is imper-
ative to avoid treating benign lesions. As the evidence regarding
whether size affects the ability to achieve a diagnostic biopsy is
conflicting,””*® we tend to biopsy lesions once they are larger
than 2 cm, but we will biopsy smaller lesions that are anatomi-
cally favourable (exophytic and posterior). On the rare occasion
that a biopsy is taken at the time of treatment, we suggest it is
performed after the cryoprobes are inserted to reduce the risk
of biopsy-induced bleeding that may preclude probe placement.

Radiology planning meetings
Weekly interventional radiology planning meetings are
performed to review the technical aspects of the procedure that
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might require specific additional arrangements, such as a preab-
lation retrograde ureteric stent placement (section 6).

Urine culture and antibiotics

There is limited evidence regarding routine preprocedure urine
cultures and prophylactic antibiotics, but the risk of infection
related to renal ablation is low.”” We employ a cautious approach
and obtain midstream urine specimens for microscopy and
culture from all patients even if they are asymptomatic. Any
positive cultures are treated with appropriate antibiotics preop-
eratively. A prophylactic intravenous antibiotic dose is given
at induction (gentamicin to cover urinary tract bacteria), but
this practice varies across institutions. Antibiotics targeting the
urinary tract microbes should however be given to patients with
ureteric stents and in those with ileal conduits due to the risk of
upper tract colonisation.*

Anaesthesia

Nearly all procedures at our institution (University College
Hospital) are performed under general anaesthesia using high-
frequency jet ventilation (HFJV). Using HFJV reduces respi-
ratory movement, procedural time and radiation dose.”’ We
occasionally perform ablation under sedation and local anaes-
thesia if the patient is deemed unfit for a general anaesthetic.
Other groups report performing RCYA under conscious seda-
tion as their default,*? but in our own experience needle place-
ment and hydrodissection is more precise if general anaesthetic is
employed. In the wider field of interventional radiology, interest
in the use of non-pharmacological adjuncts, such as music or
virtual reality headsets,® has increased in recent years, and these
may prove helpful to those performing RCYA under local anaes-
thetic and sedation.

Most of our treatments are performed with the patient in a prone
or prone oblique position (the latter means the patientis moved
to approximately 20 degrees right or left side up from the prone
position) and this has proved to be safe even with HFJV.!®*! The
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patients arms are moved towards the head to ensure access to
the lesion and prevent streak artefact, but shoulder abduction
over 90 degrees is avoided to reduce the risk of brachial plexus
injury.34 It is also important to protect pressure points and
peripheral nerves (e.g. ulnar nerve) with copious padding.

Procedural scan protocol

Once the anaesthetised patient is placed in a position likely to be
suitable for the procedure, a low dose, unenhanced volumetric
scan is performed prior to preparing the skin to confirm satis-
factory lesion access.

The skin is then prepared, the probes tested and patient warming
blankets and intermittent pneumatic calf compression applied
as per local hospital policy for surgical patients. A full dose
contrast-enhanced scan limited to the kidneys (to minimise
dose) is performed. This permits accurate identification of the
lesion and a planning map to be drawn. A volumetric scan at 80's
post-contrast injection is performed, but occasionally a 35s scan
is also useful (preprocedural imaging should be reviewed in this
respect). Quite frequently, the lesion ‘washes out’ and becomes
more conspicuous with time, so a delayed phase scan can also
help (Figure 2).

The lesion can become more difficult to identify during the
procedure due to the gradual loss of parenchymal contrast and
later due to hydrodissection. In these cases, calyceal anatomy can
be used as landmarks. Focal volumetric scans are performed to
monitor cryoprobe positioning after each row of probe place-
ment to confirm correct position within the lesion and inform
subsequent needle placement.

Focal volumetric CT is also performed every 5min during the
freezing cycles to monitor the ice ball. The ice ball is seen as a
well-defined low attenuation area relative to the renal paren-
chyma (Figure 3). If there is concern that an adequate margin will
not be achieved, then further adjacent probes can be inserted. If

Figure 2. Axial prone CT images of a left renal tumour in a 30-year-old male acquired at A) 80s and B) 6 min post-contrast. The
patient has von Hippel-Lindau syndrome, so there were multiple cyst and solid lesions elsewhere. The lesion was more conspicu-
ous on the pre-operative MRI, but cannot be well defined in A), however treatment can be accurately planned from B) where the

lesion has washed out (arrow) and is well seen.
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Figure 3. (A) A sagittal contrast-enhanced CT of an exophytic left lower pole clear cell renal cell carcinoma in a 60-year-old male
(arrow). (B) Intraprocedural image with the ice ball highlighted (arrows) and hydrodissection (asterisk) to protect the colon. The
ice ball is clearly seen as an area of relatively reduced attenuation. This permits monitoring of the adequacy of the treatment mar-

gin and whether any critical structures are at risk.

vital structures are in danger, further protective methods (e.g
hydro-/pneumodissection) can be used or, depending on the
specific machine settings, the ice ball can be sculpted by reducing
the percentage at which the cryoprobe is driven.

In a large series of 307 patients, MRI guidance demonstrated
equivalent long-term overall and local progression free survival
compared to CT guidance and cases were only slightly longer
on average in the MRI group (mean duration 140 compared to
127 min).”® Clearly, there is an advantage of avoiding radiation,
but it is likely that most departments do not have access to inter-
ventional MRI suites currently. Ultrasound can be performed
to assist with probe placement, but should not be used as the
sole means of monitoring the ice ball as once formed, its highly
reflective interface prevents assessment of the deep margin of the
ice ball for adequacy and safety.

5) PROBE CHOICE AND CONFIGURATION
Treatment margins

One of the strengths of cryotherapy is that a visible ice ballis
produced (Figure 3) and this can be monitored during treatment.
The temperature of the edge of the ice ball is 0°C and because the
lethal isotherm is deep to this, there must be a certain margin of
coverage by the ice ball. The lethal temperature for normal kidney
cells is -20°C,”® but it has been suggested that renal tumours
require an even lower temperature,”’ a finding mirrored in other
malignancies, where a goal of -40°C is suggested.”® A combina-
tion of cryoprobes results in a synergistic effect and a larger ice
ball. The —40°C threshold is around 1 cm from the edge of the ice
ball, the —20°C isotherm around 0.5cm from the ice ball edge
and the optimum distance between cryoprobesis 1.5-2cm.*
An ice ball margin of 0.5cm predicts treatment efficacy®® and
a margin of 0.5-1cm should be aimed for. In vitro and in vivo
studies®®*"** show the size of the ice ball varies depending on the

number or probes used and the length of the freezing component
of the needle.

Probe choice and placement

The cryoprobe placement guidelines in this paragraph and in
Figure 4 are based on Galil Medical (Galil Medical Limited,
Yokneam, Israel) isotherm data, but other systems, such as the
one available from Endocare (Irvine, CA) are available. The supe-
rior and inferior cryoprobes are generally placed 0.5 cm from the
top or bottom of the lesion respectively on coronal imaging. On
axial imaging, the cryoprobes are placed 0.5 cm from the tumour
edge and sufficient cryoprobes are placed so that they are <1.5
cm apart from each other. This usually produces a 0.5-1cm
margin and ensures the lesion is well encompassed by the lethal
isotherm. More conservative treatment is performed when
nephron sparing is particularly important (e.g. RCC syndromes
needing repeat treatments or renal failure). The Galil Medical
system includes cryoprobes that are 17-14 G. The newer CX
needles have an electrical heating element that allows for helium-
free thawing and tract ablation.

Once the choice of cryoprobes has been made, it is important that
the order of placement is considered. This allows the cryoprobes
to be plugged into the machine in a suitable sequence to avoid
wire entanglement and to ensure that the operator is aware of the
probe number assignment. Generally, the cryoprobes furthest
away from the operator should be placed first (the most superior
and on the opposite side to that which the operator is standing)
to avoid having to reach over cryoprobes for subsequent place-
ment. After having placed the probes, it is helpful to rotate them
and clip the cables such that the hubs do not obstruct placement
of the next row of needles. In rotating the needles, the tumour
is often moved, so this step should be undertaken before the
needle position is checked with volumetric CT and the next row
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Figure 4. A guide of where to place Galil cryoprobes and which probes to select for lesions of varying sizes. Images are not to
scale and real-life measurements must be made to reflect the imperfect shape of in vivo tumors. Measurements are in cm. The
IceSeed, IceSphere and IceRod probes are indicated by green, blue and red colors respectively. Spherical lesions of (A) 2cm, (B)
3cm and (C) 4cm. Coronal images are on the left and the dashed arrows highlight the axial image at that specific level on the
right. It is important to stress this is a guide and parallel probe placement at every level is frequently not possible due to anatom-
ical constraints. It is also important to emphasise that the AP positioning of the cryoprobes requires knowledge of the AP length
of the isotherm and consideration of whether there are critical structures anterior or posterior to the kidney. Measuring back the
length of the expected isotherm along the cryoprobe helps placement in this regard. Some cryoprobes are placed over 1.5cm from
each other in (C) and additional cryoprobes may be required for a central tumour. AP, anteroposterior.
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of needles are planned. The probes are placed under CT fluoro-
scopic guidance to ensure accurate placement. Probe placement
order and cable positioning is summarised in Figure 5.

Anatomical factors

It is important that anatomical factors are considered, e.g. placing
cryoprobes closer together in more central lesions and close to
the deep parenchymal margin due to the greater ‘freeze-sink’
effect.*” Conversely, we find that the inter cryoprobe distance
can be increased to 2cm with large exophytic lesions which are
less v31911nerable to ‘freeze-sink’ and this falls in line with in vitro
data.

6) PROTECTING IMPORTANT STRUCTURES

Table 1 lists the anatomical structures that should be considered
based on tumour location. Means of avoiding injury to these
structures through patient positioning and ancillary techniques
are also presented (summarised in Table 2). Cryoprobes are typi-
cally placed prior to employing the below techniques, with the
exception of patient positioning and ureteric stent placement.
Occasionally, hydrodissection is performed first to allow passage
of the cryoprobes and to ensure that the bowel can be protected.

b

Patient position

Optimal patient positioning is a vital and should be considered
in planning meetings. If there is concern over anadjacent struc-
ture’s proximity to the planned ablation zone or needle pathway,
a positioning scan is performed prior before the procedure to
avoid moving an anaesthetised patient.

The majority of our procedures are performed with the patient
in a prone or an oblique prone position as this generally permits
easy access to the lesion and is safe.**** Supine positioning is
generally avoided due to difficult lesion accessibility and the
increased mobility of cryoprobes in the anterior abdominal
wall, but can be useful to treat lower pole lesions and transplant
kidneys.

Patient positioning is particularly important for upper pole
lesions. In the prone position, the lung bases frequently overlie
upper pole lesions. By elevating the contralateral side, the ipsilat-
eral lung is relatively deflated and often permits access (Figure 6).
If the bowel is close to an anterior lesion, elevating the ipsilateral
side may cause the bowel to fall away medially.
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Figure 5. A diagram of probe placement order and suggested cable management. (A) A bird’s eye view of the patient (repre-
sented by rectangle) in a prone position with the operator (indicated by the star) standing to the left of the patient. The tumour is
represented by the circle and the first probe to be placed (indicated by the number 1) should be that which is most superior and
on the opposite side to the operator. Then probe 2 is placed without having to reach over probe 1. Placement of the lower row
next (probes 3 and 4) means the operator avoids reaching over other probes to place these. (B) Probes 1 and 2 have now been
placed. The red lines represent the plastic tubing on the outer portion of the probes. The wavy blue lines correspond to the probe
cables and the probes have been clipped in position (cross) with the plastic tubing perpendicular to the long axis of the patient.
The needle portion of the probes pass vertically in to the patient and cannot be seen on this bird’s eye view. By clipping the probes
in this position, the more inferior row (probes 3 and 4) can be placed easily. After rotating the tubing and clipping, a volumetric
scan should be performed as this rotation can move the tumour and affect the level at which robes 3 and 4 should be placed. (C)
Probes 1 and 2 have been clipped with their tubing parallel to the patient and obscuring the entry points for probes 3 and 4. This

should be avoided as it will now be more difficult to place probes 3 and 4.
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latrogenic pneumothorax

The parietal pleural reflection is at the level of the 10th rib in
the mid axillary line and crosses the 11th and 12th ribs to meet
the top of L1 at its most medial aspect.”> Given that the upper
poles are usually supracostal, treatment through the pleura is
often necessary and can be safely performed.®*** Puncturing the
visceral pleura will result in a higher risk of pneumothorax, so if
patient positioning does not protect the lung and more than one
cryoprobe is going to traverse it, an iatrogenic pneumothorax
can be created® (Figure 7).

Table 1. Anatomical structures to consider based on lesion
location

Anatomical structures at
Lesion location risk of injury
Upper pole
« Either side o Lung/pleura, adrenal glands,
o Left diaphragm
«  Pancreatic tail
Lower pole o Ureter
o Either side o Small and large bowel
Anterior
« Either side « Small and large bowel
o Left o Pancreatic tail
Posterior
« Either side o Rib  neurovascular  bundle,
abdominal wall, genitofemoral
nerve
Central
« Either side o Collecting system

A 22G needle is passed into the pleural space under CT guid-
ance and carbon dioxide injected. A 6-8 Fr chest drain can then
be placed and clamped. After the ablation, the pneumothorax is
aspirated, the drain clamped and a chest radiograph performed
at 2-4h. If air has accumulated a Heimlich valve or underwater
seal can be attached, but otherwise the drain can be removed.

Hydrodissection

Why and how?

The aim is predominantly that of organ displacement with a
secondary effect of insulating the thermal energy. A needle (e.g.
22G spinal needle) of the required length is placed into the area
of intended hydrodissection and a solution of normal saline
with a small amount of iodinated contrast (20 ml of Omnipaque
300 (GE Healthcare, Milwaukee, WI) per 1litre normal saline)
is instilled via a three-way tap till the desired effect is achieved
(Figure 8). Further injections can be performed during treatment.

Which structures to protect?

Hydrodissection is most effective with mobile structures and
most commonly performed to protect the bowel with anterior
and lower pole tumours.*®

When assessing the need for hydrodissection (or other organ-
protective techniques), it is important to be aware of the adja-
cent organs’ thermal sensitivities. The bowel is liable to damage*’
(Figure 9) and if a bowel injury does occur, then conservative
management may be successful,"® but an immediate surgical
consult is mandatory. A cut-off distance where protective
measures should be employed has not been defined. However, if
the bowel is 1cm or less from the tumour edge, then protective
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Table 2. A summary of thermal sensitive structures and means of protection during renal tumour cryotherapy

Structures requiring Primary protective

protection Patient positioning methods Secondary protective methods
Lung Ipsilateral side-down Artificial pneumothorax Angle gantry/transhepatic treatment
Pleura

Bowel Ipsilateral side-up Hydrodissection Balloon interposition/probe torque
Pancreatic tail

Rib neurovascular bundle,

abdominal wall, genitofemoral

nerve

Ureter Stent Pneumodissection/probe torque
Collecting system Renal sinus pneumodissection

measures should be employed and the edge of the ice ball should
be kept a minimum of 5mm from sensitive structures.

To our knowledge, there are no published reports of RCYA-
induced pancreatitis, but pancreatitis is a complication of direct
cryotherapy treatment of the pancreas® and it is rational to treat
the pancreas with the same caution as the bowel. The collecting
system and ureter are also vulnerable to cryotherapy injury®’
(but less so than with other thermal ablative modalities), but
are better protected with a ureteric stent (see below). Extending
the ice ball by small amounts into the liver and spleen does not
appear to cause significant complications. Nerve injury is less
frequent with cryoablation compared to radiofrequency ablation
and is usually transient.” Hydrodissection should however be
performed for lesions close to the psoas muscle to protect the
genitofemoral nerve. Intercostal and abdominal wall nerves
should be protected with hydrodissection to prevent paresthesia
or abdominal wall bulge.

When performing hydrodissection, awareness of the retroperito-
neal planes and spaces is helpful to maximise efficacy (Figure 10).
It is also important to remember that hydrodissection can

dissipate and continued monitoring, with or without further
infusion of fluid, is required throughout the treatment cycle.

Ureteric stent

The edge of the ice ball can extend into the renal sinus by up
to 1cm without causinginjury to the collecting system,” but
the ureter is less forgiving and injury can result in a stricture.®’
Ureteric stents are placed pre-procedure when the ureter is
within 1cm of the tumour for protection. This allows excellent
visualisation of the ureter during treatment (Figure 11) and the
urothelium to recover, thus preventing stricturing.®

The use of pyeloperfusion with warmed saline is also described
for RCYA, but we have not found this necessary.

Pneumodissection

A further means of protecting the ureter or collecting system is
injection of carbon dioxide®® with a fine needle (e.g. 22G spinal
needle) around the ureter or directly into the renal sinus fat
respectively (Figures 11 and 12) and this provides excellent insu-
lation. Care should be taken not to inject carbon dioxide into the

Figure 6. (A) Prone contrast-enhanced CT on lung windows shows the right upper pole clear cell renal cell carcinoma (black
arrow) in a 48-year-old male to be obscured by the overlying lung (white arrow). (B) Contrast-enhanced CT in the prone oblique
(right side-down). The mass (black arrow) is no longer obscured by the lung and was treated without transgressing the lung

parenchyma.
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Figure 7. (A) Despite an ipsilateral side-down prone position the right posterior chromophobe renal cell carcinoma (arrow) in this
64-year-old female cannot be accessed without traversing the lung. (B) A 22G needle was passed into the pleural space under CT
guidance and carbon dioxide injected to create a pneumothorax. A chest drain was inserted and clamped (not shown). (C) Cryo-
ablation treatment probes were passed through the pneumothorax without traversing the lung. The pneumothorax was aspirated
at the end of the procedure.

collecting system itself, which may shorten the distance to the
tumour. Intravascular injection should also be avoided, but the
use of carbon dioxide is safer than air in this respect.

Pneumodissection can also be employed around the kidney to
protect the bowel. We have noted more haemorrhage around the

Figure 8. (A) The close proximity of the descending colon
(white arrow) to the clear cell renal carcinoma (black arrow)
in this 62-year-old male. (B) Hydrodissection was performed
prior to the contrast examination and cryoprobe placement as
it was not clear whether adequate dissection would be pos-
sible. A posterior 22G spinal needle (arrowhead) was used to
displace the colon anteriorly which subsequently permitted
insertion of a second needle (arrow) via a lateral approach
to further increase colonic displacement. Ablation was then
safely performed.

Figure 9. (A) A coronal oblique post-contrast CT of a
45-year-old female indicates very close proximity of a lower
pole clear cell renal carcinoma (black arrow) to the descend-
ing colon (white arrow). (B) An intraprocedural image shows
the ice ball (dashed circle) abutting the colon (arrow), despite
the use of hydrodissection. (C) A post-contrast CT obtained
Tday after treatment following abdominal pain shows the
descending colon to be poorly enhancing and thick walled
(dotted rectangle), but there was no evidence of perfora-
tion. (D) A post-contrast CT on day 2 post-procedure shows
improved enhancement of the bowel, but tethering to abla-
tion zone and a locule of gas in the bowel wall (arrow). The
patient improved with conservative measures and further fol-
low-up imaging (not shown) showed persistence of this teth-
ering, but no gas in the involuting ablation zone to suggest
fistulation and the patient remained clinically well.
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Figure 10. Knowledge of the retroperitoneal anatomy helps
target specific spaces to optimise hydrodissection. The RRP
lies between the PPS and the PS. The APS contains the ret-
roperitoneal portion of the duodenum (D), the pancreas (P)
and the descending (and ascending) colon (C). The RMP sep-
arate the APS from the PS and is continuous with the RRP. The
stomach (S) is an intraperitoneal organ. APS, anterior para-
renalspace; PPS, posterior pararenal space; PS, perinephric
space; RMP, retromesentericplane; RRP, retrorenal plane.

kidney when using this, presumably due to a reduced tamponade
effect, although other groups have shown it to be safe.”* The time
to complete carbon dioxide reabsorption has not been docu-
mented in the context of ablation, but carbon dioxide is a highly
soluble gas and further injections may be required during the

BJR

procedure to maintain a safe distance between the ice ball and
the critical structure.

Probe torque

If a further adjunctive thermal protective method is required, a
‘stick-freeze’ (freeze for 1 min or use the specific machine func-
tion if available) can be performed in order to anchor the probes
in the tumour and torque it away from vital structures during
treatment. This technique should be used with caution due to the
theoretical risk of vascular avulsion.

Other

Other techniques to avoid the lung in treating upper pole
tumours include angling the gantry or performing transhep-
atic treatment.”® If probes are placed through the pleural cavity,
it is important to ensure the ice ball is away from the lung and
diaphragm, to reduce injury risk and post-procedural pain. Infla-

tion of a balloon between the tumour and critical structure is
also described.”

7) TREATMENT

Cryoablation produces extra- and intracellular ice formation
which results in cell membrane and intracellular damage.*® The
rapidity of cooling is important in order to ensure intracellular
ice formation which is usually lethal to cells. Thawing is required,
not only to remove the probes from the patient, but also for a
therapeutic effect as it results in endothelial damage, vascular
thrombosis, tissue hypoxia and cell death.’® Passive thawing
is thought to result in more cellular damage, as it permits to
maximal growth of ice crystals and secondary cell membrane
damage, but the choice of active or passive thawing did not

Figure 11. (A) Coronal contrast-enhanced CT of a 68-year-old female demonstrating the proximity of the medial left lower pole
papillary renal cell carcinoma (asterisk) to the ureter. (B) Prior to treatment, a ureteric stent was placed in a retrograde manner.
(C) Intraprocedural image demonstrating the ice ball (dashed line) encompassing the lesion and extending right up to the ureter.
Carbon dioxide (asterisk) was also injected into the renal sinus to protect the calyces that are opacified and displaced laterally
(arrow) and carbon dioxide is also tracking adjacent to the ureter (arrowhead). The stent was removed at 6 weeks post-procedure,

with no evidence of a collecting system or ureteric injury.
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Figure 12. (A) Intraprocedural CT demonstrating a right posterior tumor (black arrow), close to the ureter (arrowhead) and a
major calyx (white arrow). (B) A 22G spinal needle (not shown) was passed into the renal sinus fat just superior to the tumour
and carbon dioxide instilled (arrow). This has provided insulation of the calyx and ureter and freezing could be safely performed.
Hydrodissection has also been performed to protect the posterior abdominal wall.

matter in an in vivo study.” It is however clear that a double
freeze-thaw cycle results in significantly more tissue damage.>
Our standard treatment protocol (Table 3) reflects the above
evidence, allows for efficient treatment and falls in line with
other described protocols.®***

8) POST-PROCEDURAL CARE

Upon needle removal, an unenhanced CT is performed to
assess for any significant haemorrhage or a pneumothorax when
treating upper pole tumours. Bed rest for 4h is employed, with
patients being permitted to eat and drink at 1h, if there are no
clinical concerns for an immediate complication. Low molecular
weight heparin (LMWH) is routinely given 6h after the proce-
dure is completed,®® providing there is no evidence of bleeding
or heavy haematuria. LMWH is continued whilst an in-patient.

Routine day 1 CT is not performed unless there is concern for
an early complication (bleeding, obstruction due to collecting
system haematoma, non-target injury or urine leak). Most
patients require no more than simple analgesia and are routinely
discharged the next day. Other centres routinely discharge
the patient on the same day of the procedure if their pain is
controlled.>*° Either strategy compares favourably to surgical
lengths of admission of between 2.5 and 4.5 days.”” This likely
contributes to the cost effectiveness of RCYA at up to 50% less
than surgery.®”*®

9) FOLLOW-UP

Patients are reviewed in clinic at 1 month where CT imaging
(MRI if young or poor renal function) and blood tests, including
renal function, are performed. In the rare circumstance where

Table 3. Standard cryotherapy treatment protocol

First cycle: Second cycle:
o 10min freeze . 10 min freeze

e 6min passive thaw . 2min active thaw
e 2min active thaw

The active thaw in the second cycle often needs to be increased if
there are multiple cryoprobes (e.g. more than around 6) in order to
remove them.

residual tumour is detected at the initial follow-up, this should
be defined as residual unablated tumour.”® Over 50% of residual
unablated tumour is evident on imaging at 1 month and nearly
70% at 3 months.** By imaging at 1 month therefore, much of the
residual unablated disease is detected, but if there is equivocal
change, then an early repeat follow-up scan is performed.

Given the high specificity for cross-sectional imaging to detect
disease 6 months following RCYA,®" with classical imaging
appearances and a high pre-test probability (e.g. nodular
enhancement at the deep margin of the ablation zone where there
may have been a small margin) we do not routinely perform a
biopsy before offering further ablation. There are however several
reports of fat necrosis mimicking nodular seeding along the
cryoprobe path®>®* and we would advocate biopsy for nodular
perinephric change prior to further definitive management.

If there has been adequate treatment at the initial follow-up, then
the patients are followed up, with a renal function test and with
annual imaging. Recurrent disease detected after at least one
post-procedural scan documenting a technically successful abla-
tion is known as local tumour progression, regardless of whether
this is early or late.*

One study reports outcomes specifically for treatment of 21 cases
of RCYA recurrence with further RCYA and describes a local
recurrence free survival rate of 85% at a median of 30 months.®
Other large series report successfully treating local tumour
progression with repeat RCYA,*?**? so this is usually a thera-
peutic option, but requires further MDT involvement.

The length of follow-up required is not clear, but because of the
very low risk of late local tumour progression, a follow-up dura-
tion of at least 5 years is suggested.*>® The post-cryoablation
imaging appearances are reviewed elsewhere.®”’

10) CONCLUSION

RCYA is a widely accepted, safe and efficacious treatment
for early stage RCC. A pre-procedural MDT discussion is
important in order to ensure appropriate patients are selected
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and lesion-specific characteristics are considered. Probe selec-
tion and configuration should be based on manufacturer-specific

guidance, lesion size and other anatomical factors. This opti-

mises oncological efficacy, but to perform safe treatments, vital
structures should be protected by means of patient position and
adjunctive methods, such as hydrodissection. Clinical, labora-
tory and imaging follow-up should then be extended to at least 5

BJR

years in order to ensure treatment success and plan any further
intervention in the rare instances of local tumour progression.

It is imperative that the treating radiologist leads in each of the
steps outlined above and, whilst there is a short learning curve
for RCYA, an interventional radiology lead service should mean
that results comparable to surgery are attainable.
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