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Abstract

Introduction: The aim of this study was to establish the efficacy 
of cryoablation for incidentally discovered small renal cell carcin-
omas in older patients with medical comorbidities.
Methods: We carried out a retrospective chart analysis of outcomes 
of 70 patients treated by cryoablation. The inclusion criteria were 
age >56 years, medical comorbidities (Charlson class I–III), and 
suitability for cryoablation established by urologists and interven-
tional radiologists. In total, 43 patients were male, 27 female, and 
the age range was 56 to 89. The lesions measured 1.5 to 4 cm; 29 
were high-grade Fuhrman and 41 were low grade. All lesions were 
treated by 2 10-minute freezing cycles separated by an 8-minute 
thawing period. One to seven cryoprobes were inserted accord-
ing to a preoperative, 3D computed tomography (CT)-based plan.
Results: Results were assessed on follow-up CTs (at 8–9 months). 
Of the 70 patients, 68 were treated by cryoablations and surgical 
salvage procedures; these patients were free of disease for 23 to 
72 months (mean 39). One patient experienced recurrence and the 
other was lost to follow-up. One or two cryoablations rendered 
66 patients tumour-free and additional surgery rendered another 2 
patients tumour-free. The location and configuration of the lesion 
affected outcomes. Of the 27 posterior lesions, there was 1 failure; 
of the postero-lateral lesions, there were 4 failures; of the anterior 
lesions, there were 5 lesions; finally of the 32 central or deep 
seated lesions, there were 9 failures. Implants with one and two 
cryoprobes had a high recurrence rate. Three major complications 
were managed by minor interventions. The mean hospitalization 
was 1.3 days and the procedure times were variable.
Conclusion: Percutaneous cryoablation is recommended as a min-
imally invasive nephron-sparing treatment for amenable lesions in 
older patients with medical comorbidities.

Introduction 

A reassessment of current treatments for renal cell carcinoma 
(RCC), consisting principally of segmental resection or radi-
cal nephrectomy, is affecting patient survival and quality of 
life. The new World Health Organization reclassification 
assigns an increasing number of suspect mass lesions to 
the benign group, thereby reducing the number of RCCs.1

Moreover, statistical analysis has shown intercurrent disease 
to be the prevalent cause of death in older patients with 
medical comorbidities rather than the RCC.2 These perti-
nent facts suggest an increased role for surveillance or mini-
mally invasive treatment modalities in this patient group.3-6

Cryoablation is one option; it can achieve cancer-specific 
survival in 96% to 100% of patients.7-11 We have undertaken 
a retrospective analysis of results of cryoablation in 70 older 
patients with medical comorbidities. 

Methods 

In total, 70 patients treated by cryoablation for amenable 
RCC lesions between November 2005 and February 2011 
were part of our retrospective study. The diagnosis of mass 
lesions with malignancy characteristics was established 
by contrast-enhanced multidetector computed tomogra-
phy (CT) or magnetic resonance imaging. The institutional 
review board approval was waved and informed consent 
was obtained from all patients. Urologists and interventional 
radiologists assessed patients and offered surgical treatment 
modalities, cryoablation or surveillance with appropriate 
supervision for each patient. The inclusion criteria for cryo-
ablation were RCCs <4 cm in size, age >56, and particularly 
coexistent medical comorbidities. Patient age ranged from 
56 to 89 (mean 73.2) and 43 patients were male and 27 
female. One or more comorbidities were present in all 70 
patients. In total, 53 patients were class II Charlson comor-
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bidity index, 5 patients were class III, and 12 were class I. 
Hypertension was present in 67 patients, diabetes in 21, 
congestive heart failure in 6, cardio-pulmonary disease in 
11, obesity in 8, renal calculi in 3, pulmonary emboli in 1, 
emphysema in 1, prior cerebro-vascular accident in 2, and 
hepato-renal syndrome in 1.

All RCCs were clinical stage T1a, N0M0; 29 RCCs were 
high grade (Fuhrman) and 41 were low grade. Twelve RCCs 
were <2 cm in diameter, 35 were 2 to 3 cm, and 23 were 3 
to 4 cm. Thirty-three RCCs were in the posterior and postero-
lateral locations and exophytic (>50% of circumference pro-
jecting outside the renal capsule), 5 in the anterior location, 
and 32 in the central and deep location (Table 1).

During the study period, 105 younger patients with suspi-
cious renal masses were advised against thermal ablation 
by our urologists and interventional radiologists and offered 
laparoscopic or segmental resection. Of the other group of 
68 patients, 42 were referred for laparoscopic and 26 for 
open cryoablation due to location and difficulty to access 
the lesions percutaneously.

Technique of cryoablation 

In contrast to prior cryoablation studies, the positioning of 
cryoprobes was planned preoperatively based on axial, cor-
onal, and volume-rendering images (General Electric high-
speed, Milwaukee, WI; and Somatom 40 slice Siemens, 
Erlangen).5,7,12-17 The number of cryoprobes (2.4 and 3 mm, 
4-cm freeze length, various shaft length, Endocare, Perc 24 
system, Heathronics, Austin, TX) was determined by size, 
geometry, and morphology of the tumour to adequately cover 
the lesion with the resulting iceball. The probes were placed 
under CT guidance (contrast enhanced and 3D volume recon-
struction) 1 to 1.5 cm apart, in a pattern akin to a radiation 
therapy implant, resulting in a freezing zone covering the 
lesion plus a 5-mm margin.5,7-11,15 Since cell-death is certain 
only within 3 mm of the iceballs margin (where a temperature 
of -20°C can be attained), a 5-mm safety margin is neces-
sary.5,7-11,15-17 To attain this pattern, 1 probe was placed in 12, 
2 probes in 16, 3 probes in 19, 4 probes in 15, 5 probes in 
6, and 7 probes in 2 patients. The 7-probe-implant deployed 
the probes in 2 concentric rings, 3 and 4 respectively.

To prevent damage to adjacent structures (colon, duode-
num, spleen, liver, pancreas and peritoneal lining) during 
the freezing cycle, we interposed a bolus of air, CO2, or 
saline.11,12,18,19 Under CT guidance, a catheter was introduced 

into the posterior para- or perirenal space using a 4-Fr micro-
puncture set. We infused a 400 to 700 mL air, CO2 or saline 
until a 2-cm separation of critical structures and iceball were 
obtained (Fig. 1). Because of problems with conductivity, 
air was favoured over saline, though its rapid reabsorption 
may have required more frequent replenishing of the bolus.

Each mass was treated by two 10-minute freezing cycles, 
separated by an 8-minute thawing period. The double 
freeze-thaw cycle has been shown to increase liquefac-
tion necrosis and hence improve efficacy.20,21 The inter-
posed thawing causes cells to “burst” which is important to 
ensure cell death.5-11,20,21 During the freezing cycle, limited 
CTs are obtained every 3 to 4 minutes to affirm coverage 
of the lesion by the iceball.5,7,8,12,14,20 To identify possible 
“skip zones,” a contrast-enhanced CT was obtained after 
the second freeze cycle. In 5 patients the positions of 13 
cryoprobes had to be adjusted or cryoprobes added to cover 
the “skip zone” by the iceball.

We performed follow-up CTs to assess for residual or 
recurrent disease for the first 43 patients 2 to 3 months after 
the initial cryoablation. Enhancement in the rim of the treated 
lesion was considered evidence of residual disease. However 
based on recent reports and our own experience, we dis-
missed early enhancement as a reliable finding of residual 
tumour. Therefore, in the remaining 27 patients, we per-
formed the first follow-up examination 8 to 9 months after 
the cryoablation to eliminate false positives of inflammatory 
neovascularity.22,23

Results

Of the 70 patients treated for RCC, 68 were treated by cryo-
ablation and some surgical salvage procedures; they were 
free of disease 23 to 72 months (mean 39) after completion 
of treatment. One patient was lost to follow-up and one 

Table 1. Relationship of tumour-free status attained after 
one cryoablation to Fuhrman grade and location of the mass

Location No. Fuhrman grade

High* Low*
Posterior 27 10 (1) 17 (0)

Postero-lateral 6 3 (3) 3 (0)

Anterior 5 4 (3) 1 (1)

Central and deep 32 12 (8) 20 (1)

Total no. 70 29 41
*(n) number of failed cryoablations.

Table 2a. Outcome of cryoablation and salvage procedures

Sequence of intervention Procedures Outcome

Free of disease Recurrence False positive Lost to follow-up
First group: At 3 months follow-up 43 cryoablations 28 15 3

Second group: At 9 months follow-up 27 cryoablations 21 5 1

Total no. 70 49 30 3 1
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patient is alive with recurrent metastatic disease currently 
on chemotherapeutic management with sunitinib, a tyrosine 
kinase inhibitor.

At the 3-month follow-up of the first 43 patients, 28 
patients achieved tumour-free status as established by 
enhanced CTs (Table 2a). Of these 43, 3 patients were 
retreated by segmental resections for a recurrence sus-
pected on the basis of the 3-month follow-up CTs; they 
were tumour-free on histopathology of the resected segment 
(Table 2a). In total of the first group of 43, 31 were tumour-
free after the first cryoablation. Likely the observed recur-

rence in 15 patients was due to inflammatory neovascularity 
that often perseveres up to 6 months after cryoablation.22,23

Perfusion CT may offer criteria to differentiate inflamma-
tory from neoplastic neovascularity.24 After removing the 3 
patients with false positives, we determined that after the 
second cryoablation the remaining 12 patients presumed 
to have residual or recurrent disease achieved tumour-free 
status (Table 2a) (Fig. 2).

In the second group of 27 patients, at the 9-month follow-
up, 21 were tumour-free, 5 had recurrence and 1 patient 
was lost to follow-up (Table 2a). Of the 5 patients with 

Fig. 1a. A computed tomography scan showing infusion of a 400 to 700 mL air, CO2 or saline until a 2-cm separation of critical structures and iceball were obtained.

Table 2b. Outcome of cryoablation and salvage procedures for the patients who recurred in the second group (n = 5)

Sequence of intervention Procedures Free of disease Recurrence Lost to follow-up
First salvage intervention (n = 5) 3 cryoablations 2 1 (x)

2 segmental nephrectomies 1 1 (y)

Second salvage intervention (n = 2) 1 segmental nephrectomy (x) 1

1 radical nephrectomy (y) 1
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recurrence, 3 had repeat cryoablations and 2 had segmental 
resections (Table 2b). Repeat follow-up CTs showed 1 recur-
rence after cryoablations and 1 recurrence after segmental 
resections (Table 2b). A radical nephrectomy rendered one 
of these patients tumour-free (follow-up 38 months) and a 
segmental resection failed to control the tumour in the other 
patient (Table 2b). This patient is now being followed with 
lung and brain metastasis under chemotherapy.

In 65 patients the cryoprobes produced a satisfactory 
iceball covering the lesion. In 5 patients the position of 13 
probes had to be adjusted to eliminate skip-zones.

Configuration, morphology, and geometry of the lesion 
greatly influenced the potential for a successful ablation. It 
was difficult to create an adequate iceball to cover small 
lesions with 1 or 2 cryoprobes.5-7,10,12,20,25-27 Hence the 
high failure rate of 38% in this group (8 of 21 patients). 
Conversely, when using 3 or more cryoprobes, the rate of 
failure dropped to 18% (9 of 49 patients) (Table 3). 

Location of the lesion was a major factor governing success 
or failure of the ablation procedure (p = 0.0001) (Table 4). 
Size had no significant impact on attaining tumour-free status 
(p = 0.3753). In 27 exophytic posterior lesions, we recorded 
only 1 failure, and this was in a lesion that was implanted 
with only 1 cryoprobe (Table 4). In anterior-located lesions 
we had 4 failures in 5 patients. However, again 1 patient 
had 1 cryprobe in the high-Fuhrman grade lesion. (Table 4). 
In the 32 lesions in the central and deep locations, we had 
9 failures (28%). However, 4 failures occurred in patients in 
whom 1 or 2 cryoprobes had been used (Tables 4).

Grade (Fuhrman) of tumour significantly influenced out-
come and tumour-free survival (p = 0.0001). Of the 29 high-
grade tumours, 14 (48%) were tumour-free; of the 41 low-
grade tumours 39 were tumour-free.

In 11 patients, saline (n = 6) and air (n = 5) interpositions 
were performed to safeguard adjacent structures against 
freeze damage. We observed no damage to 4 colons, 2 
duodenums, 3 livers, 1 spleen, 1 pancreas, and 1 uretero-
pelvic junction at risk.

We encountered 3 major and 5 minor complications 
(Clavian classification). In 1 patient, active post-ablation 
bleeding was treated first with blood transfusions and then 
embolization. In a second patient, a substantial perirenal and 
pararenal hematoma developed hours post-cryoablation, 
causing hypotension and mandating 2 blood transfusions. 
In a third patient, a urine leak developed the day following 
cryoablation of a central lesion abutting urothelium, which 
had not been protected by warm saline perfusion. Drainage 
by a double “J” catheter for 6 weeks resulted in closure of 
the dehiscence. Two minor hematomas resolved without 
sequellae as did 2 febrile reactions.

Of the total 70 patients in this study, 52 were discharged 
after 5 to 8 hours of observation, 9 patients after overnight 
admission to the short stay unit, 7 patients were admitted 

for 2 days, 1 patients was admitted for 3 days, and 1 patient 
was hospitalized for a total of 2 weeks.

Operating times varied widely depending on size, com-
plexity of the lesion, and number of cryoprobes deployed as 
well as use of ancillary interventions, such as bolus interpo-
sition and retrograde ureteral perfusion with warming solu-
tions, from 42 to 225 minutes (mean 98 minutes).

Discussion 

The management of malignant renal masses has been sig-
nificantly influenced and altered by two factors. The first 
influential factor is that despite the increase in suspect renal 
masses identified on abdominal CTs, the numbers assigned 
to the RCC group has declined reflecting the new reclas-
sification criteria of the World Health Organization.1 

A revision of indications for surgery is the second fac-
tor. While prompt surgical excision of renal malignancies 
had been the accepted standard of care, recent data have 
shown conclusively that an increase in size from 1.5 cm to 
3 cm does not alter the rate of tumour-free survival.3,4,28-30

Moreover, recent reports have shown minimal metastatic 
progression during surveillance or follow-up after cryo-
ablation, which allows delay of definitive surgery without 
affecting tumour-free survival.3,4,30 To further improve iden-
tification of recurrent tumour by imaging studies, the use of 
CT-guided biopsy has been advocated.31 Furthermore, recent 
statistical analysis has shown the cause of death in older 
patients with RCC and medical comorbidities to be more 
likely intercurrent disease than RCC.2 These newly emerged 
concepts make surveillance or management by minimally 
invasive techniques, such as cryoablation, a viable alterna-
tive to surgery, for older patients with medical comorbidi-
ties.3,4,30 While segmental or laparoscopic resection remains 
the gold standard for treating amenable RCCs, recent data 
show acceptable results6-12,14,25-27,32 (98% tumour-free survival 
for segmental resection and a 93% to 98.7% tumour-free 
survival for cryoablation.5-11,14,17,20,25-29,32-34

The efficacy of cryoablation treating RCCs in our patients 
is 97% (68 of 70) based on imaging follow-up criteria (lack 
of enhancement of ablated tissue), which is similar to that 
reported in the literature (93.3%–98.7%).7-9,12,14,22,23,25-27,32,34-36

Similar to reported experiences, we found that lesion 
location greatly affected the rate of success of cryoabla-
tion.5,25,26 For lesions in the anterior location, our rate of 
success was only 20%, for central or deep seated lesions 
68%, and for posterior lesions 96%. Steriotactic percutane-
ous cryoablation may offer advantages for lesions in such 
locations.13 Conversely location of lesions did not affect 
tumour-free status attained by open or laparoscopic seg-
mental resection, though it adversely affected the rate of 
complications.28,29,33,35 This raises the question of whether an 
anterior or deep location of a lesion should be an exclusion 
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criterion for cryoablation, and whether surgical management 
should be recommended in these cases.16,25-29,32,33,36

Conclusion

We have found that hydro-displacement of critical organs 
and protection of urothelium against freeze-damage by per-
fusion with warm saline prevented complications in adjacent 

organs or urothelium injury in all but one of our patients. 
Based on our experience, percutaneous cryoablation is rec-
ommended as a minimally invasive nephron-sparing treat-
ment for amenable lesions in older patients with medical 
comorbidities.
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Table 4. Relationship of tumour-free status attained after one cryoablation to cryoprobes deployed, size and location of 
mass lesion

Location

No. cryoprobes Size mass Posterior* Postero-lateral* Anterior* Central and deep*
1 <2 cm 4 (1) 2 (1) 1 (1) 5 (1)

2 2–3 cm 8 (0) 2 (1) 0 6 (3)

3 2–3 cm 7 (0) 2 (1) 2 (1) 8 (2)

4 3–4 cm 3 (0) 0 1 (1) 11 (1)

5 3–4 cm 4 (0) 0 1 (1) 1 (1)

7 3–4 cm 1 (0) 0 0 1 (1)

Total no. 27 6 5 32
*(n) number of failed cryoablations. 




