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average of 3% to 4% every year (3, 4). Kidney cancer
represents today 3% of all tumors diagnosed in male and
female over 70 years old (5).  
A growing body of evidence support the importance of
treatments preserving kidney function (6, 7). 
Additionally, since 25% of SMRs are benign cortical
tumors (eg. Oncocytoma and angiomyolipoma) and
another 25% are indolent with limited metastatic poten-
tial (eg. Chromophobe, type 1 papillary renal cancer),
several options for management of clinically localized
renal masses have been reported, including active sur-
veillance, thermal ablation and surgery that include rad-
ical and partial nephrectomy (8). Active surveillance is
an option for patients presenting small renal masses (< 4
m, clinical stage T1a) with a low likelihood of aggressive
malignancy, procedure-limiting comorbidity, and/or
limited life-expectancy (9). Nephron-sparing surgery
(NSS) is considered the gold standard treatment for
renal cell carcinoma (RCC) preferred for lesions less
than 7 cm in diameter (clinical stage T1) (9). 
In order to of decrease pain, morbidity, kidney function
damages, hospital stay, and operative time, various mini-
mally invasive modalities for NSS have been evaluated (6,
7, 10-12). Thermal ablation, which may include cryoab-
lation or radiofrequency ablation, may be used for small
clinically localized masses (clinical stage T1a) and can be
performed laparoscopically or percutaneously (9). 
EAU guidelines suggest active surveillance, radiofrequen-
cy ablation and cryoablation for the treatment of elderly
and/or comorbid patients with small renal masses, how-
ever the quality of the available data does not allow defin-
itive conclusions regarding morbidity and oncological
outcomes of cryoablation and radiofrequency ablation
and the Strength rating of this recommendation remain
week (9). The aim of this study was to present our initial
experience in terms of efficacy and safety of CT-guided
percutaneous cryoablation for small renal masses.

MATERIALS AND METHODS

Study population
After Istitutional review board approval we retrospec-
tively reviewed our prospectively kidney cancer data-
base to evaluate outcomes of patients treated with CT-

Background: Today, the goal of surgery is
to achieve oncological efficacy with the low-

est complication rate. Computed Tomography (CT)-guided
cryoablation is proposed as a safe and effective technique. We
report, our series of small renal masses treated with cryoabla-
tion in elderly (> 70 years).
Methods: From May 2014 to April 2019, 32 patients with
median (IQR) age of  75.5 years (range 71-80) with small
renal masses (< T1a) diagnosis, clinical anesthesia contraindi-
cations to nephron-sparing surgery or patient’s will previous
informed consent have been selected at our Urology
Department. All patients underwent CT-guided cryoablation,
preceded by needle biopsy. The cryoablation consisted in a
procedure with an argon/helium gas-based system under local
anesthesia. The follow-up included CT abdomen at 3, 6 and 12
months. The definition of incomplete treatment was the per-
sistence of the lesion contrast enhancement (CE) at the end of
the scan; the definition of relapse was the appearance of the
CE to the 6-month control CT.
Results: The median follow-up was 30 months (IQR 1-59). 
The median size of the tumor was 3.85 cm (IQR 1.6-4.5). 
All patients underwent lesion biopsy resulting in diagnosis of
Renal Cell Carcinoma (RCC) in 29 patients (90.7%) and onco-
cytoma in 3 patients (9.3%). A median of 2 cryoprobes (IQR 1-
3) was used and 2/3 cycles of freeze-thaw of the duration of 10
minutes or 5 minutes were performed. Complications were: 3
asymptomatic transitional perirenal effusion, 2 lumbar pain
well-controlled by analgesic drug. Hospital stay was 2 days
(range 1-3). No case showed incomplete treatment and local
relapse or metastates at the CT abdomen-pelvis with contrast
medium at 12 months.
Conclusions: This study shows the efficacy and safety of percu-
taneous cryoablation of small renal masses in elderly popula-
tion. The procedure is easy to perform, with low complication
rates and well tolerated by the elderly patients. 
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INTRODUCTION
Extensive application of modern imaging techniques has
led to more frequent incidental diagnosis of small renal
masses (SMRs) (1-3) with an increasing incidence by an
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guided percutaneous cryoablation. The following inclu-
sion criteria were used: tumor diameter < 4 cm (T1a);
comorbidity or clinical anesthesia contraindications to
nephron-sparing surgery; residual renal masses in patients
already undergoing surgery; kidney solitary condition;
informed consent.  Exclusion criteria were lack of percu-
taneous access window, disease extending into renal vein
or invading adjacent organs and tumor larger than 4 cm in
a candidate for surgical treatment. 
All patients were seen in the clinic before ablation, his-
tory was recorded, physical examination was performed,
relevant baseline laboratory values were measured, and
dual-phase renal CT imaging was performed. All patients
were counseled regarding all the treatment options avail-
able, after that a written informed consent was obtained.

CT-guided percutaneous cryoablation
All procedures were performed by the same team of
urologists and interventional radiologists on a specific
TC General Electric Medical System Brightspeed. All
patients were premedicated intravenously with 2 g cefa-
zolin and ciprofloxacin 400 mg versus cotrimoxazole 2
fl in the case of allergy. Patients were positioned prone
or side, to facilitate probe insertion through a better per-
cutaneous access window; for example, caused by
descent of adjacent organs most often represented by
bowel, on the CT bed and the ipsilateral flank was pre-
pared and draped in a sterile fashion. A pre-procedural
non-enhanced CT image was obtained to document
tumor size and decide on access, number of probes and
need for thermal protection for adjacent organs (hydro-
dissection). CT fluoroscopy was used to determine the
optimum access site, with the help of a CT-mounted
laser beam. The skin and underlying tissues were anes-
thetized with 10-15 ml of lidocaine 200 mg, then a tiny
incision (2-3 mm) was made. Before percutaneous
cryoablation, all the patients underwent CT-guided nee-
dle biopsy of the lesion according to the current recom-
mendation and at least 2 good quality biopsy cores
using an 18G needle were taken (9). The cryoprobes
were then inserted according to preoperative plans in
order to create an “iceball” that would cover the lesion
and provide at least 5 mm of ablation beyond the tumor
margins. The cryoprobe advancement toward the mass
and the extent of the iceball was monitorated intermit-
tently with CT fluoroscopy. The tip of probe was posi-
tioned through the mass until to distal inner border of
the lesion. The operations were performed using
Argon/helium gas-based system (Endocare, HealthTonics
Inc., Austin TX, USA). Such system uses a compressed
argon for freezing and compressed helium for active
thawing. With two exceptions, in which 1.7 mm diam-
eter cryoprobes were used, all procedures were per-
formed with 2.4 mm diameter cryoprobes. The number
of cryoprobes used varied as a function of the lesion’s
size: 8 patients treated with 1 probe, 18 pts with 2
probes, 6 pts with 3 probes. In seven cases, we have had
a non-target organ (usually colon) that was closer than
1 cm to the tumor margin. In these cases, a Chiba’s nee-
dle was inserted in the “fascia” of Gerota and sterile
water, mixed to 5-7 cc of contrast medium, was infused
to keep the non-target organ away from the iceball.

Technical success was defined as completion of three
ablation cycle: a 10-minutes freeze, 10-minutes active
thaw and 10-minutes repeat freeze with the iceball cov-
ering the entire lesion and extending at least 5 mm
beyond its border.
At the end of the procedure, a CT image with contrast
medium was performed to evaluate the complete cover
of the lesion and possible local bleeding. The definition
of incomplete treatment is the persistence of the CE at
the end of the same. The patient was transferred to the
recovery area and kept under observation. A blood count
was performed 6 hour after the procedure and on postop
day 1 before discharge. Patients were discharged home
unless overnight observation was deemed necessary as a
result of complications or severity of symptoms. 
Complications were recorded using the Clavien-Dindo
Classification and Grade I and II complications were 

Follow-up visits
Follow-up visits were scheduled at 3-, 6-, 12-, 18-, 24-
and 36- months after the procedure. A physical exami-
nation was performed along with measurement of rele-
vant laboratory values. Additionally, a dual-phase renal
CT study was obtained at each follow-up visit. In order
to minimize X-Ray exposure follow-up images were
acquired using a Low dose protocol (low kilovolt, low
milliampere). Additionally, only sequences of the treat-
ment region were taken during the procedure and at fol-
low-up. All studies were read by the same interventional
radiologist and compared to the baseline study. Non-
enhancement of the cryolesion was considered the pri-
mary radiographic hallmark of successful cryoablation.
Response to treatment was based on tumor enhancement
and size on sequential images. Complete lack of
enhancement of a previously enhancing mass was con-
sidered complete response. Response based on tumor
size was less reliable initially, as many masses did not
change in size on the first 3 months imaging study
despite a gradual decrease thereafter. The existence of
enhancement areas in the residual tumor mass after 6
months was considered an indication of local failure. 

Statistical analysis
Outcomes of this study were cancer recurrence, metasta-
sis and complications after percutaneous cryoablation. 
Descriptive statistics was performed  for the overall pop-
ulation. Continuous variables were reported as median
and interquartile whereas categorical variables were
reported as rates.
Statistical analyses were performed using Stata-SE 14
(StataCorp LP, College Station, TX, USA).

RESULTS
Preoperative characteristics of the study population are
shown in Table 1.
Final population included 20 men and 12 women with a
median (IQR) age of 75.5 years (range 71-80 years) treat-
ed at our institution between May 2014 to April 2019. 
The median (IQR) size of the tumors was 3.85 cm (range
1.6-4.5). Of the 32 treated patients, 30/32 (93.7%) had
an incidentaloma and 2/32 (6.3%) were post-radiofre-
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quency ablation relapses. Biopsy histological findings
were the following: clear cell Renal Cell Carcinoma
(RCC) 20/32 (62.5%); chromophobe RCC 3/32 (9.3%);
Type 1 papillary 6/32 (18.7%); oncocytoma 3/32
(9.3%) (Table 2). 
An average 2 cryoprobes (IQR: 1-3) have been used,
depending on the size of the tumor, and were performed
2 cycles of freeze-thaw of the duration of 10 minutes
each in 25 patients, and 3 cycles of 5 minutes each in 7
patients. 1.7 and 2.4 mm cryoprobes were used to min-
imize injury to the colon, we used thermal protective
maneuvers in seven cases (21.8%). There were no cases
of non-target organ damage. Complications were: 3 effu-
sion not clinically significant, transitional and perirenal
which subsided spontaneously without intervention, 2
regressed back pain with analgesic therapy. No patient
developed ablation related infection such as renal
abscess, pyelonephritis or sepsis. Percutaneous cryoabla-
tion of small renal cell carcinoma was accomplished safe-
ly in all 32 cases. No episodes of urinary extravasation,
significant gross hematuria or urinary obstruction
occurred. No other major operative complications were
encountered. Median hospital stay was 2 days (IQR: 1-
3). Median follow-up after the procedure was 30 months
(IQR: 8-59); In none case, incomplete treatment and
local relapse or metastases at CT abdomen-pelvis with
contrast medium at 3, 6 and 12 months was detected.
None of the 32 patients had clinical evidence of recur-
rent disease (confirmed with no enhancement within
resolved tumor masses) at last follow-up. Median tumor
size before treatment was 3.16 cm (IQR: 1.6 to 5.5)
(Figure 1). 
After treatment, cryo-lesions size continued to decline
over time. The relative reduction of the lesion size com-
pared to preoperative values was 21.77% at 3-month fol-
low-up (median size: 2.47 cm; IQR: 0.9 to 4.8), 31.93%
at six-month follow-up (median size: 2.2 cm; IQR: 0.6 to
4.5 cm) and 45.91% at one-year follow-up (median size:
1.71 cm; IQR: 0.6 to 3.5 cm).

Figures 2 and 3 show the gradual decrease
in the larger diameter of the lesions and
the corresponding decrease in terms of
percentage compared to the initial dimen-
sions. 
The temporary increase in diameter of the
cryolesions immediately following cryoab-
lation is most likely due to edema in the
tissue surrounding the tumor. The levels of
postoperative creatinine were identical
with preoperative levels.

311Archivio Italiano di Urologia e Andrologia 2020; 92, 4

TC-guided renal cryoablation in elderly

Table 1. 
Patient demographics and tumor characteristics of 32 patients.

Table 2. 
Perioperative and postoperativecharacteristics.

Figure 1.
Tumor in the middle right renal before
cryoablation a); subsequent treatment 
b); lesion after 6 months 
c); lesion after 1-year d).

Variable Cryoablation n = 32
Age, years 75.5 (71-80)
Tumor diameter, cm 3.85 (1.6-4.5)
Gender, n (%)

Male 20 (62.5%)
Female 12 (37.5%)

Side
Right 14 (43.7%)
Left 18 (56.3%)

ASA score n (%)
1 6 (18.8%)
2 21 (65.6%)
3 5 (15.6%)

Tumor location, n (%)
Upper 8 (25.0%)
Middle 11 (34.4%)
Lower 13  (40.6%)

Diagnosis, n (%)
Incidentaloma 30 (93.7%)
Radiofrequency failure 2 (6.3%)

Variable Cryoablation n = 32
Hospital stay (d) 2 (1-3)
Hystological outcomes to biopsy, n (%)

Clear cells RCC 20 (62.5%)
Chromophobe RCC 3 (9.3%)
Type I Papillary RCC 6 (18.7%)
Oncocytoma 3 (9.3%)

Follow-up, months 30 (8-59)
Complications, n (%)

Minor 5 (15.6%)
Major 0 (0.0%)

Recurrence of tumor 0 (0.0%)
Metastasis 0 (0.0%)
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DISCUSSION
The choice between conservative or radical treatment for
organ confined RCC in men over 70 years is a debated
topic. In the last decades, the standard of care has slowly
been expanding from radical nephrectomy to include
robotic partial nephrectomy, laparoscopic nephrectomy,
laparoscopic ablation and finally percutaneous ablation
(14, 15). Several questions such as efficacy and safety
treatment, life expectancy, and cancer-specific survival
advantage need to be taken into account. Image guided
percutaneous ablation is especially attractive for patients
with small renal masses and a solitary kidney or multiple
tumors, non-surgical candidates, pre dialysis patients and
patients with diseases that may cause multiple RCC as
von Hippel-Lindau disease or hereditary RCC. Limited
data are currently available in literature for assessing the
role of percutaneous renal cryoablation. Silverman et al.
described a large number of percutaneous renal cryoabla-
tions under general anesthesia with MRI guidance (16).
Image guidance for percutaneous renal cryoablation is
alternated between MRI, CT, and ultrasound (US). In the

case of MRI, the question is that system is
expensive and limited in use but the ability
of real time guidance and visualization of
the iceball in multiple planes are the advan-
tage, allowing the operator to achieve the
safety margins of the cryolesion. Bassignari
et al. reported the practicability of US-guid-
ed percutaneous renal cryoablation to aim
for future performance of this treatment by
a urologist alone without the interventional
radiologist because urologists have ultra-
sound experience (17). Results of this study
from our cohort of patients showed that
CT-guided percutaneous cryoablation
resulted in complete response for lesions as
large as 4 cm. In all cases, it has a high effi-
cacy rate, and its few complications are not
only similar to those of other treatment
modalities, but also appear to be reversible.
Percutaneous cryoablation with use of CT
has the benefit of delaying/avoiding the
end-stage renal disease by causing less

renal injury. Another advantage is to perform percuta-
neous cryoablation under spinal anesthesia avoiding the
major complications or side effects that could derive from
a general anesthesia considering that many patients have
plurimorbidity as well as advanced age. Other advantages
of percutaneous cryoablation are faster recovery, repeat-
able, and lower cost. Among all percutaneous ablative
techniques, cryoablation has gained particular interest for
small kidney cancer for painless during the treatment and
it provides real-time image feedback of the ablation zone,
especially when performed with CT guidance. 
Furthermore, cryoablation is less likely to result in sig-
nificant treatment-related injury because the extracellular
matrix is less permanently destroyed by freezing, thereby
allowing for epithelial regrowth and repair. The study
pointed out that percutaneous cryotherapy provides, in
elderly patients with small kidney cancer, an acceptable
efficacy and safety in the absence of recurrence of disease
and risk of metastasis in the short to medium follow-up
(median follow-up: 30 months). This result is particular-
ly encouraging considering that Andrews et al. (18) high-
lights that there are no statistically significant differences
in terms of local recurrence, metastases and risk of death
from RCC among partial nephrectomy, radiofrequency
ablation and cryoablation for cT1a patients. Pierorazio et
al. (8) shows similar cancer specific survival among par-
tial nephrectomy and thermal ablations (radiofrequency
and cryoablation), with some differences in renal func-
tional and peri/postoperative outcomes that should be
considered when choosing a management strategy, par-
ticularly in elderly patient. Kitley et al. demonstrated in
cT1a that cryotherapy had a lower overall survival than
partial nephrectomy however at multivariable analisys
adjusting for age and Charlson Comorbidity Index,  the
rates of survival for the two treatments were similar (19).
Additionally, overall survival of patients based on tumor
size prove similar rates of survival for tumors smaller than
2 cm. To our knowledge, these data suggest that elderly
men with small renal cancer can take advantage from this
local treatment. This is of clinical relevance in view of the

Figure 2.
Tumor size variation evaluated using CT scans at 3, 6, 12 months of follow-up. 
The figure represents tumor size of 24 patients with  a follow-up of at least 12
months. Each group of three columns represents a patients and age is
specified below.

Figure 3.
Percentage variations in the major diameter of injuries.
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fact that, as mentioned above, partial and ever more rad-
ical nephrectomy is usually not offered to elderly patients
due to the risk of treatment-related complications,
though their occurrence, like for most surgical proce-
dures, is much linked to case volume (20). At the end,
our data is similar to those published by Atwell et al., who
reported a technical success and efficacy rate of 95% with
a median follow-up of 8 months (21). Several guidelines
and commentaries have highlighted the need for longer
follow-up of ablation patients. Our study has limitations:
all patients were referred from a urology department so
may have introduced a selection bias. Additionally, even
though the behavior of RCC is unpredictable, it is gener-
ally as low-growing cancer, and longer follow-up would
be required to confirm the high degree of efficacy we doc-
umented in the present study.

CONCLUSIONS
Published preliminary results have shown that image-
guided percutaneous cryoablation for small renal cancer is
probably as safe and effective as laparoscopic cryoablation.
Results of this study confirm the very high efficacy rate
and acceptable morbidity associated with this CT-guided
percutaneous cryoablation. Nonetheless, CT-guided per-
cutaneous cryoablation offers compelling advantages com-
pared with other treatment modalities, particularly in eld-
erly patients, and has shown high efficacy rates and low
risk for minor/major complications. 
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