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Abstract
Objective To investigate the safety profile of percutaneous cryoablation of renal tumours < 7 cm, utilising data extracted from an
international multicentre registry.
Materials and methods A retrospective review of all immediate and delayed complications from a multicentre database was
performed and was categorised according to the Clavien-Dindo classification. Statistical analysis was performed for both overall
complications (all Clavien-Dindo) and major complications (Clavien-Dindo 3 to 5). The following criteria were identified as
potential predictive factors for complications: centre number, modality of image guidance, tumour size (≤ 4 cm vs. > 4 cm),
number of tumours treated in the same session (1 vs. > 1) and tumour histology.
Results A total of 713 renal tumours underwent ablation in 647 individual sessions. In 596 of the cases, one tumour was treated;
in the remaining 51 cases, several tumours were treated per session. Mean lesion size was 2.8 cm. Fifty-four complications
(Clavien-Dindo 1 to 5) occurred as a result of the 647 procedures, corresponding to an overall complication rate of 8.3%. The
most frequent complication was bleeding (3.2%), with 9 cases (1.4%) requiring subsequent treatment. The rate of major
complication was 3.4%. The only statistically significant prognostic factor for a major complication was a tumour size > 4 cm.
Conclusion Percutaneous renal cryoablation is associated with a low rate of complications. Tumours measuring more than 4 cm
are associated with a higher risk of major complications.
Key Points
• Percutaneous kidney cryoablation has a low rate of complications.
• Bleeding is the most frequent complication.
• A tumour size superior to 4 cm is a predictive factor of major complication.
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Introduction

Percutaneous kidney ablation is gaining popularity in the treat-
ment of early-stage renal cancer, with mid-term oncological
outcomes challenging those of surgery [1–3]. Among the vari-
ous available modalities, cryoablation has gained wide accep-
tance with respect to renal tumour ablation [4]. The modality
offers specific advantages over radiofrequency ablation (RFA),
such as real-time monitoring of the ablation zone (thanks to the
visualisation of the iceball), large volume of treatment (thanks to
the simultaneous activation of several applicators) and
urothelium preservation, which are particularly well adapted to
manage complex renal tumours [5, 6]. The safety profile of
cryoablation is also excellent, even in the setting of early expe-
rience of the operator where the expected significant complica-
tion rates are roughly 8% in the literature, with bleeding reported
as the most frequent adverse event [7–9].

EuRECA (European Registry for Renal Cryoablation) is a
European multicentre registry, which aims to document and
collect short-, mid- and long-term oncological outcomes of
both laparoscopic and percutaneous cryoablation procedures
[10]. Prior to the introduction of a prospective database in
2016, four participating centres individually collected their
retrospective data on all kidney tumours treated with percuta-
neous cryoablation from 2007 to 2013 (depending on the cen-
tre) to July 2016. The purpose of this study is to establish the
rate and type of complications following percutaneous
cryoablation of kidney tumours documented in the retrospec-
tive data collection.

Material and methods

This is a multicentre retrospective study. All patients gave in-
formed consent for the procedure. Institutional review board
was waived due to the retrospective design of the present study.

Cryoablation procedures

Across all four centres, the indication for percutaneous
cryoablation was decided upon after a multidisciplinary
meeting. In most cases, cryoablation was offered as an al-
ternative to patients deemed unfit for surgery, or in the set-
ting of a specific clinical scenario (chronic renal failure,
single kidney, genetic disease). After patient consent, all
procedures were performed under general anaesthesia by
interventional radiologists (centres 1, 2, 3, 4) and a urologist
trained in image-guided interventional techniques (centre
2), utilising argon-based cryoablation devices and cryo-
probes (BTG-Galil). Depending on the centre, imaging mo-
dalities included computed tomography (CT), cone-beam
CT (CBCT) or magnetic resonance imaging (MRI) guid-
ance. Due to its limitation to monitor the positioning of

multiple probes in the kidney and the poor visualisation of
the whole iceball, no patients were treated with stand-alone
ultrasound guidance. The number of probes utilised was
determined by the treating physician in order to cover the
entire lesion and maintain a safety margin of 5 mm with the
iceball [11]. As per literature and manufacturer recommen-
dation, cryoablation was performed with a dual-freeze pro-
tocol across all centres [12, 13]. All procedures were per-
formed on an inpatient basis with a minimum hospital stay
of at least one-night post-procedure.

Retrospective database

Each centre retrospectively recorded their data and outcomes
into the database, which contained the following 13 variables:
gender, age, single kidney, size of the tumour(s), tumour his-
tology, history of previous renal cancer with description of
treatment modality, number of tumours treated in one session,
image guidance modality, use of hydro- or CO2 dissection,
perioperative complications (up to 24 h after treatment),
post-operative complications (without limitations in time), pri-
mary technical success and oncological status at last available
follow-up. Although some of the data from this retrospective
database have been previously published in the context of a
single centre experience, this is the first encompassing a
multicentre analysis [7, 14]. Data from all four institutions
was then gathered by a referring physician from centre 2 and
additional statistical analysis was performed by centre 1.

Data collection and analysis

Immediate and delayed complications were extracted from the
database and classified according to the Clavien-Dindo classifi-
cation [15]. Variables that were not available universally for all
centres were excluded from statistical analysis. Hence, the fol-
lowing criteria were available from all four institutions and
analysed as predictive factors for complications: centre number,
modality of image guidance, size of tumour (≤ 4 cm vs. >4 cm,
i.e. T1a vs. T1b), number of tumours treated in the same session
(1 vs. > 1) and tumour histology. Statistical analysis was per-
formed for both overall complications (Clavien-Dindo 1 to 5)
and major complications (Clavien-Dindo 3 to 5). Descriptive
statistics and statistical analysis were computed using SAS soft-
ware version 9.4. Statistical significance was set with a p < 0.05.

Results

Tumours and procedures

A total of 713 renal tumours were ablated in 647 ses-
sions. The number of treated tumours per intervention
were one tumour only in 596 procedures (92.1%), two
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tumours in 39 procedures (6%), three in 9 procedures
(1.4%) and four in 3 procedures (0.5%). The mean tu-
mour size was 2.8 cm (range 0.8–6.7). There were 609
tumours (84%) which measured 4 cm or less, and 104
t umou r s ( 16%) mea s u r i ng mo r e t h an 4 cm .
Histopathology included 486 renal cell carcinomas
(RCC), with clear cell being the most frequent subtype
(53%). A definite subtype was not available for 140 of
the 486 biopsy-proven RCC tumours (28.8%). A certain
diagnosis of benignity was found in 74 tumours
(10.4%). Histology was not available for 18.4% of the
713 tumours. Details of histopathological results are
presented in Table 1. Per-procedural modality of image
guidance was found to be CT for 507 procedures
(78%), cone-beam CT for 80 procedures (12.5%) and
MRI-guidance for 60 procedures (9.5%). Repartition of
the centres and modality of image guidance per centre
are reported in Table 2.

Complications

Overall complications

A total of 54 complications (graded Clavien-Dindo 1 to 5)
occurred during the 647 procedures, which correspond to an
overall complication rate of 8.3%. Tumours measuring 4 cm
or less had an overall complication rate of 7.3%, while tu-
mours exhibiting a size superior to 4 cm had a rate of 9.8%
(no statistically significant difference between the two groups
was identified; p > 0.05).

Overall, the most frequent complication was bleeding with
21 cases (3.2%). Of these, a total of 9 cases (1.4%) required
subsequent treatment (transfusion in 4 cases, ureteral stenting
in 3 cases and embolisation in 2 cases). Among all other com-
plications, pneumothorax was the most frequent and occurred
in 15 cases (2.2%), with 9 cases requiring chest tube insertion.
There was a single case of colonic fistula formation (Fig. 1),
and three injuries of the pyelo-ureteral junction requiring ure-
teral stenting. Regarding overall complications, univariate
analysis did not reveal a statistically significant predictive
factor for complication among the five tested variables.
Detailed statistics for overall complications are presented
in Table 3.

Major complications

Twenty-two complications (3.4%) graded Clavien-Dindo 3 or
more occurred during the 647 procedures, including 5 com-
plications graded 4 or more (0.8%), with 2 post-operative
deaths (0.3%). The two deaths were caused by a massive lung
aspiration in one case and massive right-sided myocardial
infarction in the other case, both in the recovery room imme-
diately after the procedure. Details of major complications are
presented in Table 4. For major complications, univariate

Table 1 Tumour histology. When multiple tumours were treated in one
session, histology was considered the same for all lesions

Histology Number %

No diagnostic 131 18.4

RCC without subtype 140 19.6

RCC with subtype classification 346 48.5

- Clear cell 258 36.1

- Papillary 64 9

- Oncocytic 12 1.7

- Chromophobe 12 1.7

Benign lesion 74 10.4

- Angiomyolipoma 14 2

- Oncocytoma 57 8

- Adenoma 3 0.4

Other 22 3.1

Table 2 Repartition of centres
and modalities of image guidance Centre number Location Guidance modality Number of

procedures

Centre 1 Department of Interventional Radiology
Nouvel Hôpital Civil

Strasbourg, France

CT / MR 106 / 60

Centre 2 Department of Urology

Onze Lieve Vrouwe Gasthuis

Amsterdam, the Netherlands

CT 71

Centre 3 Department of Radiology

St. Antonius Hospital

Niewegein, the Netherlands

CBCT 80

Centre 4 Department of Radiology

University Hospital Southampton NHS Trust

Southampton, UK

CT 330
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analysis revealed a significant higher risk of complications for
tumours measuring more than 4 cm (p < 0.05). Detailed sta-
tistics for major complications are presented in Table 5.

Discussion

Results from this retrospective multicentre database analysis
confirmed the excellent safety profile of percutaneous
cryoablation when treating tumours measuring less than
7 cm. The rate of major complication (Clavien-Dindo 3 or
more) in this study was less than 5%, which is on par with
and in some cases better than other reported outcomes in the
literature. In 2014, Schmit et al reported a major complication
rate (Clavien-Dindo grade 3 or more) of 7.5% in 398
cryoablation procedures [16]. The same year, Georgiades
et al published a major complication rate of 6% (with a differ-
ent grading system for complications) in their experience of
treating 134 biopsy-proven RCC cases [11]. More recently,
Breen et al reported a major complication rate (Clavien-
Dindo 3 or more) of 4.9% over 473 procedures [17]. Similar
to other reports, the most frequent complication in the present
study was post-procedural bleeding in 3.2% of the tumours

[11, 18]. However, the rate of bleeding requiring therapy was
extremely low, with a transfusion rate of only 0.6% and an
embolisation rate of merely 0.3%. These results are slightly
more favourable than the ones presented by Kakarala et al, in
which the rate of bleeding, bleeding requiring transfusion and
bleeding necessitating endovascular embolisation were 3.5%,
1.5% and 0.8%, respectively (in 246 patients) [19]. The inci-
dence of bleeding found in the present study remains higher
than after RFA treatments [18, 20]. However, as already sug-
gested in the literature, the theory of a significant risk of haem-
orrhage following cryoablation compared with radiofrequen-
cy ablation is probably unjustified [19]. The present study
demonstrates tumour size as a factor, independent of major
complications, but not of overall complications. This finding
is in accordance with most publications, which report a corre-
lation between increased tumour size and higher risk of com-
plications [18, 19]. The rate of pneumothorax observed in the
present study was rather high compared with other publica-
tions. Even though the location of the tumour was not record-
ed as a variable in this database, one can assume that pneu-
mothorax might be more likely when treating upper-pole tu-
mours. All cases of pneumothoraxes occurred in the CT guid-
ance group, which suggest that modalities offering sagittal or

Fig. 1 Colonic fistula following
percutaneous cryoablation of a
kidney RCC. a Per-procedure ax-
ial CT scan shows that the iceball
encompasses part of the colon
(arrow) despite extensive hydro-
dissection (black asterisks) and
carbodissection (white asterisk). b
3-week follow-up coronal T2-
weighted MRI demonstrates a
fistula (arrow) between the colon
(black asterisk) and the cryoscar
(white asterisk). The fistulous
track heeled with antibiotic medi-
cations and did not require sur-
gery (Clavien-Dindo 2)

Table 3 Details of major
complications (Clavien-Dindo
≥ 3)

Complication grade No. and description

3a 9 – pneumothoraces requiring chest tube insertion

3b 2 – transarterial embolisations for active bleeding

3 – ureteral stentings for clots in the pyelo-caliceal cavities

3 – ureteral stentings for PUJ injury

4a 2 – dialysis for acute renal failure secondary to subcapsular haematoma (single kidney)

1 – intravenous thrombolysis for brain infarct at day 1 post cryo

4b –

5 1 – massive right-sided heart infarct

1 – massive lung aspiration

Eur Radiol (2019) 29:6293–62996296



oblique imaging (such as MRI and CBCT) may offer a safer
approach for steep sagittal trajectories [21, 22]. Increased
availability to multi-slice CT with dedicated interventional
software will certainly reduce the risk of pleural transgression.
The rate of pyelo-ureteral injury was low, a major difference
with RFA, where pyelo-ureteral injury is one of the most fre-
quent complications [18, 20]. Visualisation of the limits of the
iceball with cryoablation is a key advantage when treating
tumours located in close proximity to the pyelo-ureteral junc-
tion. Of note, unintentional freezing of the ureter does still
carry a risk of secondary stricture formation [23]; surgical
approach or additional protection with pyelo-perfusion and/
or hydro-dissection should therefore always be considered for
tumours abutting a ureter [24, 25].

The results from the EuRECA database do bring additional
insight on specific points. First of all, the rate of major and, in
fact, overall complications did not differ between the different
centres and was not influenced by the modality of image guid-
ance, illustrating the good reproducibility of the technique. We
believe that the systematic use of general anaesthesia and cross-
sectional imaging ensue confidence to the treating physician of

optimum safety and can potentially explain these results.
Recent recommendations of the CIRSE society include general
anaesthesia and cross-sectional imaging (CT or MRI) as best
clinical practice, as it allows optimum treatment precision [26].
Hence, there was only a single case of bowel fistulation and two
pyelo-ureteral junction injuries in the present cohort.
Additionally, histology does not appear to influence the risk
of complication. This is consistent with reports from the litera-
ture; for example, malignancy was not a predictive factor for
complication in the paper from Azevedo et al; it was only a
predictive factor on univariate analysis (but not on multivariate
analysis) in the study of Kakarala et al [19, 27]. The subtype of
RCC did also not influence the rate of complications in our
experience, which contradicts a recent publication from
Haddad et al, in which the rate of complications was less for
papillary tumour subtypes compared with the more common
clear cell subtype [28]. Furthermore, we found that multiple
treatments in the same session (on the same kidney) were not
associated with an increased risk of complication, confirming
the findings by Azevedo et al in their series of 60 patients [27].
This suggests the potential benefit of cryoablation in the

Table 4 Univariate analysis predicting overall complications (Clavien-
Dindo 1 to 5)

Predictor No. of
complications

OR [95% CI] p

Centre number 0.9951
1 13 1

2 7 1.09 [0.40; 2.98]

3 6 0.95 [0.35; 2.61]

4 28 0.96 [0.48; 1.94]

Guidance modality 0.7013
CT 45 1

MRI 3 0.60 [0.18; 1.99]

CBCT 6 0.92 [0.38; 2.25]

Tumour size 0.3934
≤ 4 cm 44 1

> 4 cm 10 1.37 [0.66; 2.84]

No of tumours treated
per session

0.3002

1 49 1

> 1 5 0.47 [0.11; 1.98]

Tumour histology 0.4003
Non-diagnostic 10 1

RCC without subtype 15 1.55 [0.65; 3.69]

Clear cell 13 0.56 [0.22; 1.39]

Papillary 4 0.62 [0.16; 2.38]

Oncocytic 1 1.03 [0.12; 8.91]

Chromophobe 2 2.27 [0.43; 11.97]

Angiomyolipoma 1 1.03 [0.12; 8.91]

Oncocytoma 7 1.59 [0.56; 4.51]

Adenoma 0 0.00 [0.00; I]

Other 1 0.54 [0.06; 4.49]

Table 5 Univariate analysis predicting major complications (Clavien-
Dindo ≥ 3)

Predictor No. of
complications

OR [95% CI] p

Centre number 0.4691
1 6 1

2 1 0.53 [0.09; 3.21]

3 0 0.15 [0.01; 2.80]

4 15 1.13 [0.44; 2.92]

Guidance modality 0.4310
CT 20 1

MRI 2 1.07 [0.28; 4.15]

CBCT 0 0.16 [0.01; 2.65]

Tumour size 0.0309
≤ 4 cm 14 1

> 4 cm 8 2.79 [1.10; 7.11]

No of tumours treated
per session

0.7768

1 20 1

> 1 2 1.24 [0.28; 5.48]

Tumour histology 0.3833
Non-diagnostic 3 1

RCC without subtype 10 2.82 [0.81; 9.77]

Clear cell 4 0.47 [0.10; 2.11]

Papillary 2 1.37 [0.26; 7.26]

Oncocytic 0 1.24 [0.05; 28.37]

Chromophobe 0 1.24 [0.05; 28.37]

Angiomyolipoma 0 1.24 [0.05; 28.37]

Oncocytoma 2 1.40 [0.26; 7.39]

Adenoma 0 4.43 [0.12; 159.65]

Other 1 2.16 [0.29; 16.01]

Eur Radiol (2019) 29:6293–6299 6297



treatment of patients suffering frommultiple synchronous renal
tumours, such as those with Von Hippel Lindau disease [29].

The present study has several major limitations, which may
limit its significance. Because of the late retrospective data
acquisition, many potentially relevant criteria, such as tumour
location, number of probes used, procedural time and duration
of hospital stay, were not consistently available and hence not
analysed. Moreover, some data were not available in all cen-
tres and were therefore excluded from analysis, in order to
keep data as consistent and homogeneous as possible.
Finally, it is possible that the rate of complications was
underestimated in our study because of the retrospective col-
lection of the data. We believe that, on the whole, this would
have impacted the rate of minor complications, which are
more likely to be have been under-recorded. However, the rate
of delayed complications with hospital readmission in other
institutions might also have been overlooked and can poten-
tially explain the relative low rate of major complications in
this study compared with other publications.

In conclusion, analysis of this retrospective database con-
firms the excellent safety profile of percutaneous cryoablation,
with a rate of major complications less than 5%. Bleeding is
the most frequent complication, but the rate of haemorrhage
requiring transfusion and/or subsequent intervention remains
extremely low. These encouraging results will hopefully be
confirmed by the current prospective database, which will
limit the bias inherent to the present study.
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