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ABSTRACT

Background: The current study reports the clinical outcomes of the efficacy of computerized tomography (CT) guided
cryoablation (CA) in the treatment of patients with small renal masses.

Methods: This retrospective single institution study analyses the clinical outcomes of 36 renal tumours that were
managed with cryoablation. Patient age, sex, tumour size, complications and recurrences were recorded. These patients
were followed up at 3,6- and 12-months interval, they underwent biopsy and abdominal contrast enhanced ultrasound
(CEUS) depending upon indications.

Results: 36 patients (63.9% male, 19.4% female) each with a single small renal mass had CA with a follow-up at 3, 6
and 12 months. The mean tumour size was 606.9+31.8 mm?. Eleven complications occurred in 36 patients, for an overall
complication rate of 30.6%. One (2.7%) patient had enhancement at the surgical bed on initial imaging and were
considered incomplete ablations. None of the patients showed signs of distant metastases at the 3, 6 and 12-month
follow-ups.

Conclusions: Cryoablation of renal masses results in acceptable oncologic efficacy with an acceptable number of
complications. Therefore, it remains a viable treatment for renal masses.
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INTRODUCTION

The incidence of renal cell cancer has increased worldwide
to around 208,500, which is 2% of all cancers, with a
higher incidence in more developed countries.® Frank et al
found that around 25% of solid kidney tumours are benign,
however renal impairment can occur on background of
these tumours.? Use of imaging modalities such as
ultrasound scan (USS), computed tomography (CT) and
magnetic resonance imaging (MRI) has led to an
increasing number of annually reported cases of renal
tumours.® The greater risk of end-stage renal disease
(ESRD) after radial nephrectomy compared to partial

nephrectomy has encouraged the growth of elective
nephron-sparing surgery.* Minimally invasive
nephrectomy methods, such as laparoscopic procedures,
cause less postoperative pain and rapid recovery but is
associated with more complications than open partial
nephrectomy.® Cryoablation (CA), microwave ablation
(MA), and radiofrequency ablation (RFA) are commonly
used methods and have become alternatives to partial
nephrectomy. According to Olweny, RFA is the
recommended ablative method for renal cell CA, reporting
better clinical outcomes than partial nephrectomy.®
Zondervan et al published a meta-analysis to compare
clinical outcomes with CA and RFA,; surprisingly, he did
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not find any difference among the two treatment groups in
terms of clinical efficacy and long-term outcomes.
However, the literature lacks large-scale randomised
controlled trial (RCTs).8

Long-term data has become available regarding the well-
known and widely used thermal ablation (TA)
technologies; further testing is in progress for these
technologies, such as the use of microwaves, irreversible
electroporation and high-intensity focal ultrasound. Atwell
et al reported encouraging results for a single patient
managed with cryoablation; they found the outcomes to be
similar to surgical resection for small renal cancers as large
as 4 cm.® Image-guided percutaneous cryoablation (PCA)
offers the latest in nephron-sparing surgery; it has been
made possible due to the advent of finer probes and
advances in image guidance such as CT scans, ultrasounds
and MR imaging. Weld et al reported a primary efficacy
rate of 80-100% and a secondary efficacy rate near 100%
with the use of cryoablation.

Downsides include technical difficulties and risk of injury
to adjacent organs. Conversely, advantages include fewer
complications, early recovery and better visualization in
real-time with CT and MR imaging.'*

Extirpative surgery, nephrectomy and partial nephrectomy
are considered the gold standard treatment for renal
masses; however, it is still a topic of debate, as short-term
studies support cryoablation of renal masses as a surgical
modality with acceptable oncologic control and morbidity,
whereas long-term  studies are in favour of
nephrectomy.*213 The main objective of this study was to
present the clinical outcomes and safety of image-guided
percutaneous cryoablation for renal masses.

METHODS

This four-year retrospective study which was conducted in
the urology department of a tertiary care hospital Kings
College Hospital. We retrospectively reviewed patients
treated from October 2012 to October 2016. This study
was registered and approved by ethical review board. We
used cancer tumour registries to identify adult patients
undergoing cryoablation for renal cell carcinoma. We only
include percutaneous approach in our study. Metastatic
renal cell carcinoma or genetical disorders predisposed to
renal tumour were excluded. Patients with less than three

months of follow-up were excluded from the analysis.
Histopathological analysis was performed after taking the
core biopsy of the tumours. The number and size of probes
vary from patient to patient and depend on individual
tumour characteristics. Real-time ultrasonic visualization
is used to ensure that the ice ball extends approximately
100 mm beyond the visualized tumour margin. Contrast-
enhanced imaging was obtained at three, six- and 12-
months post operatively. Recurrence was defined as an
area of new contrast enhancement in a completely treated
ablation site that appeared three months or more after
treatment. Preoperative estimated glomerular filtration rate
(eGFR) was calculated with a serum creatinine value
obtained within 25 days prior to ablation. Contrast
enhancing lesions in the ablation zone found at the first
three-month scan were considered an incomplete treatment
or early posttreatment changes rather than tumour
recurrence. Imaging, laboratory evaluation and physical
examination were used to identify metastatic spread. This
descriptive analysis was used to report patient
demographics,  characteristics of  tumours  and
perioperative variables.

RESULTS

The results are summarized in Tables 2 and 3. A total of
36 tumour patients were treated with PCA during the study
period. Demographic data can be further reviewed in Table
1. There are 23 (63.88%) male and 13(36.22%) female
patient in the present study. Baseline tumour
characteristics are also shown in Table 1. The mean size of
the tumours was 606.9 mm?, whereas the largest diameter
was 2.58 cm. Of the 36 tumours, 16 were classified as clear
cell carcinoma, 2 (5.9%) papillary renal cell carcinoma and
1 (2.9%) as chromophobe carcinoma. Benign lesions
included 8 (23.5%) cases of oncocytoma, whereas 2
(5.9%) lesions were unidentifiable and 2 (5.9%) were
completely normal. Complications recorded after
cryoablations included haemorrhage (6), skin/nerve
damage (3) haematuria and renal in 1 patient.

Follow-up

Patients were reviewed at three-month intervals in the
clinic, where a brief history and clinical examination were
performed, along with blood tests. A repeat dual-phase
renal CT or MRI imaging was conducted. We reviewed
and tabulated the histopathological results of biopsies.

Table 1: Patient demographics and tumour characteristics.

Sample characteristics

Total patient

Male sex

History of renal cancer
Recurrence after cryoablation
Tumour characteristics

Mean size (mm)

Mean largest diameter

Frequency (%
36

23 (63.9)

7 (19.4)

9

606.9 (+7-31.8)
2.58 (+0.07)

Continued.
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Sample characteristics Frequency (%) |
Number of lesions

1 lesion 34 (97.1)
2 lesions 1(2.9)
Biopsy results

Normal 2 (5.9)
Interstitial chronic inflammation 3(8.8)
Oncocytoma 8 (23.5)
Papillary renal cell adenoma 2 (5.9)
Clear cell renal cell carcinoma 16 (47.1)
Chromophobe carcinoma 1(2.9)
Inconclusive 2 (5.9)
Solid/cystic mass

Solid 19 (59.4)
Solid and cystic 19 (59.4)
Location

Side

Right 22 (62.9)
Left 13 (37.1)
Polar/interpolar

Upper 12 (34.3)
Mid 1(2.9)
Lower 11 (31.4)
Interpolar 11 (31.4)
Post/anterior

Post 20 (58.8)
Anterior 3(8.8)
Mid 11 (32.4)
Exophytic/central

Exo 22 (62.9)
Endo 7 (20)
Exo/endo 6 (17.1)
Procedure details

No. of probes used

1 probe 22 (62.9)
2 probes 9 (25.7)
3 probes 4 (11.4)
No. of cycles

1 cycle 29 (93.5)
2 cycles 1(3.2)

3 cycles 1(3.2)

Table 2: Complication after cryoablation procedure.

Complication after cryoablation procedure

Complications, per procedure

Frequency (%
36/8 (22.2)

Haemorrhage (Hb)

36/11 (30.6)

Skin/nerve damage

Haematuria

Renal failure

Pneumothorax

Viscera injury

AV fistula

Wound infection

Complication after cryoablation procedures with complications

OO == W
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Table 3: 3, 6 and 12 months follow up.

Follow up

3 months follow up

No. of patient with 3 months follow up
No. with enhancement

No. of biopsies at the scar

No. of CEUS

No. of reported distant metastases

6 months follow up

No. of patient with 6 months follow up
26/36 (72.2%)

No. with enhancement

No. of biopsies at the scar

No. of CEUS

No. of reported distant metastases

12 months follow up

No. of patient with 12 months follow up 21/36 (58.3%)
No. with enhancement

No. of biopsies at the scar

No. of CEUS

No. of reported distant metastases

Three months

At three months, 27 (75%) patients had a follow-up. These
patients underwent further investigation to determine the
metastatic spread. Only 1 patient had biopsies for renal
scar, which underwent However, there was no reported
distant metastases.

Six and twelve months

Follow up at 6 and 12 months are recorded in Table 3.
Twenty-six patients (72.2%) were followed up at six
months. Only 1 patient underwent enhancement, whereas
there were no signs of distant metastasis and renal scar. At
twelve months follow-up, there were 21 (58.3%) patients
reviewed at our out-patient clinics. We did not find any
complications such as distant metastasis in followed up
patient.

DISCUSSION

Complete surgical excision of renal masses with partial
nephrectomy is a standard treatment; however,
cryotherapy is also a reasonable surgical option for
patients who are required to undergo nephron-sparing
surgery. Surgical resection is a standard provision of care
for patients with localized renal cell cancer (RCC) due to
favourable outcomes associated with surgery. Cryosurgery
refers to tissue destruction using extremely cold
temperatures. The complex mechanism of action involves
direct cellular damage, extracellular damage and
microvascular damage.'* This can be done either
laparoscopically or percutaneously, which is typically CT-
guided. The laparoscopic  technique  includes
transperitoneal or retroperitoneal approaches.

Frequency (%
27/36 (75)

1

1

1

0

27136 (75)

26/36 (72.2)

(el ellellely

21/36 (58.3)
0

0
1
0

The purpose of this study is to analyse the outcomes of
cryotherapy, as the literature lacks reports on the outcomes
of this technique.

Gill and Cowerkers reported 51 patients undergoing
cryotherapy with an average tumour size of 2.3 cm.!
Similarly, another published cryoablation series of 31
patients with a follow-up period of three years reported a
lower complication rate (9.8%) with a mean tumour size
of 2.1 cm. The current study reports a series of 36 patients
with a mean tumour size of 2.5 cm. The hallmark of
successful renal cryoablation is to decrease lesion size with
or without contrast enhancement on a CT scan or MRI. If
enhancement or growth occurs, we advise biopsy and
retreatment. In the current study, we performed extensive
postoperative imaging to describe the impact of
cryoablation lesions. As part of our study protocol, patients
underwent contrast-enhanced CT or MRI at three, six and
12 months of CA. We proposed that initial post-operative
imaging should be performed six months after
cryoablation. Kyle et al recorded that one patient showed
enhancement within the cryolesion during follow-up,
suggesting tumour reoccurrence. The findings reported in
the current study are similar; at the three- and six-month
follow-ups, we also find one patient with enhancement.®

A literature review reveals that the majority of
laparoscopic renal cryoablations have had patients with
exophytic lesions; the current series include patients with
endophytic, exophytic lesions and some combined
exophytic/endophytic lesions dealt with the percutaneous
approach.

Tsvivian et al reported that the average decrease in eGFR
after a laparoscopic CA procedure was 4.2 and 8.8 mg/ml
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among patients with chronic renal insufficiency and
normal renal function, respectively.l® With our
percutaneous approach, we recorded the eGFR to decrease
by 5.8 mg/ml; only one patient had acute kidney injury,
which recovered through conservative management.

Kunkle and Uzzo found that cryoablation has a lower rate
of reoccurrence; they also reported that development of
metastatic disease has been as low as 1%.'7 The current
study finds that no patients were reported to have distant
metastases at the three-, six- and twelve-month follow-ups.
Kunkle and his associate further reported in another meta-
analysis that there was no difference in the development of
metastatic disease between partial nephrectomy and a
cryoablation procedure.®® Cryoablation is a safe treatment
option with acceptable morbidity for patients with renal
masses. Lehman et al found the complication rates for
percutaneous and laparoscopic procedures to range from
10% to 62%.%° The present study reports the complication
rate after percutaneous cryoablation to be up to 30.6%.
Laguna et al reported a lower complication rate (15.5%)
after undergoing cryoablation; additionally, all of the
reported complications were minor, such as haematuria,
renal failure and low haemoglobin.?

The present study is subject to the limitations of a
retrospective analysis. Including operations performed by
multiple surgeons can be considered both a weakness and
a strength of the study due to differences in technique and
a confounding variable which could affect the outcome.
Furthermore, the study being limited to single centre
makes it more prone to limitations. Despite the variations
in practice, however, encouraging results have been
recorded for patients undergoing cryotherapy that
successfully prevents the development of metastatic
disease or re-occurrence.

CONCLUSION

This study has reported clinical outcomes for patients
undergoing primary cryoablation for the treatment of renal
cell cancers. It can either be done with radiological
guidance or laparoscopically. CA has a limited effect on
kidney function and is therefore an effective option for
patients with a solitary kidney or chronic kidney disease.
Its therapeutic effect is clear from its low rate of
reoccurrence or metastasis following the procedure. It is a
minimally invasive technique with a very low rate of
complications. Based on our findings, cryoablation is a
preferable treatment option for small renal masses.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1. Ljungberg B, Albiges L, Abu-Ghanem Y, Bensalah
K, Dabestani S, Fernandez-Pello S, et al. European

10.

11.

12.

13.

14.

15.

16.

Association of Urology Guidelines on Renal Cell
Carcinoma: The 2019 Update. Eur Urol.
2019;75(5):799-810.

Frank 1, Blute ML, Cheville JC, Lohse CM, Weaver
AL, Zinke H. Solid renal tumors: an analysis of
pathologic features related to tumor size. J Urol.
2003;170:2217-20.

Mouraviev V, Joniau S, Van Poppel H, Polascik TJ.
Current status of minimally invasive ablative
techniques in the treatment of small renal tumours.
Eur Urol. 2007;51:328-36.

Fergany AF, Hafez KS, Novick AC. Long- term
results of nephron-sparing surgery for localized renal
cell carcinoma: 10-year follow-up. J Urol.
2000;163:442-5.

Gill IS, Matin SF, Desai MM. Comparative analysis
of laparoscopic versus open par- tial nephrectomy for
renal tumors in 200 patients. J Urol. 2003;170:64-8.
Olweny EO, Park SK, Tan YK, Best SL, Trimmer C,
Cadeddu JA. Radiofrequency ablation versus partial
nephrectomy in patients with solitary clinical T1la
renal cell carcinoma: comparable oncologic
outcomes at a minimum of 5 years of fol- low-up. Eur
Urol. 2012;61:1156-61.

Zondervan PJ, Buijs M, de la Rosette JJ, van Delden
O, van Lienden K, Laguna MP. Cryoablation of small
kidney tumors. Int J Surgery. 2016;36:533-40.
Atwell TD, Vlaminck JJ, Boorjian SA, Kurup AN,
Callstrom MR. Percutaneous cryoablation of stage
T1b renal cell carcinoma: technique considerations,
safety, and local tumor control. J Vasc Interv Radiol.
2015;26:792-9.

Weld KJ, Figenshau RS, Venkatesh R, Bhayani SB,
Ames CD, Clayman RV, Landman J. Laparoscopic
cryoablation for small renal masses: three-year
follow- up. Urology. 2007;69:448-51.

Aron M, Gill IS. Minimally invasive nephron-
sparing surgery (MINSS) for renal tumors. Eur Urol.
2007;51:348-57.

Aron M, Kamoi K, Remer E, Berger A, Desai M, Gill
I. Laparoscopic renal cryoablation: 8-year, single
surgeon outcomes. J Urol. 2010;183:889-95.

Gorski MJ, Deziel DJ, Staren ED. Cryosurgical
ablation of hepatic neoplasm. Surg Technol Int.
1994;4:85.

Atwell TD, Farrell MA, Leibovich BC, Callstrom
MR, Chow GK, Blute ML, Charboneau JW.
Percutaneous renal cryoablation: experience treating
115 tumors. J Urol. 2008;179:2136-41.

Gill IS, Kavoussi LR, Lane BR, Blute ML, Babineau
D, Colombo JR. Comparison of 1,800 laparoscopic
and open partial nephrectomies for single renal
tumors. J Urol. 2007;178:41-6.

Weld KJ, Figenshau RS, Venkatesh R, Bhayani SB,
Ames CD, Clayman RV, Landman J. Laparoscopic
cryoablation for small renal masses: three-year
follow-up. Urology. 2007;69:448-51.

Tsivian M, Caso J, Kimura M, Polascik TJ. Renal
function outcomes after laparoscopic renal
cryoablation. J Endourol. 2011;25(8):1287-91.

International Surgery Journal | December 2022 | Vol 9 | Issue 12 Page 1961



17.

18.

19.

Wagar M et al. Int Surg J. 2022 Dec;9(12):1957-1962

Kunkle DA, Uzzo RG. Cryoablation or
radiofrequency ablation of the small renal mass: A
meta-analysis. Cancer. 2008;113:2671-80.

Kunkle DA, Egleston BL, Uzzo RG. Excise, ablate
or observe: The small renal mass dilemma meta-
analysis and review. J Urol. 2008;179:1227-34.
Lehman DS, Hruby GW, Phillips CK, McKiernan
JM, Benson MC, Landman J. First prize (tie):
laparoscopic renal cryoablation: efficacy and
complica- tions for larger renal masses. J Endourol.
2008;22:1123-7.

20. Laguna MP, Beemster P, Kumar V, Klingler HC,
Wyler S, Anderson C, et al. Perioperative morbidity
of laparoscopic cryoablation of small renal masses
with ultrathin probes: a European multicentre
experience. Eur Urol. 2009;56:355-61.

Cite this article as: Wagar M, Faraz A, Velurajah R,
Karri RS, Khan A. Outcomes of cryoablation for
small renal masses — a single-institution study. Int
Surg J 2022;9:1957-62.

International Surgery Journal | December 2022 | Vol 9 | Issue 12 Page 1962



