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Abstract
RENAL score has been validated on predicting adverse events and relapses in percutaneous treatments of renal lesions. To 
better fit interventional issues a modified score (mRENAL) has been introduced, but the only difference from the RENAL 
score is on the dimensional parameter. However, it remains of surgical derivation while a specific interventional score is 
missing. This study aims to obtain a specific score (ABLATE) to better quantify the risk of complications and relapses in 
percutaneous kidney ablation procedures compared to the existing surgical scores. Taking inspiration from previous papers, 
a score was built to quantify the real difficulties faced in percutaneous treatment of renal lesions. The ABLATE score was 
used on 71 cryoablations to evaluate its predictivity of complications and relapses. Logistic regression was used to predict 
complication incidence; Cox-regression was used for relapses; ROC analysis was used to evaluate the accuracy of the differ-
ent scores. Between January 2014 and November 2019, 71 lesions in 68 patients were treated. Overall, malignant histology 
was found in 62 lesions (87.3%). Mean and median RENAL, mRENAL, and ABLATE scores were 7.04 and 7, 7.19 and 7, 
and 5.11 and 4, respectively. Out of 71 treatments, we experienced 3 bleeding with anemia (4.2%), only 2 of which needed 
further treatment (2.82%). The mean and median RENAL, mRENAL, and ABLATE scores in those with complications 
were 7.66 and 7.01 (p = 0.69), 8.0 and 7.1 (p = 0.54), and 6.6 and 5.0 (p = 0.38), respectively. Out of 62 malignant lesions, 
we experienced 2 persistent and 6 recurrent lesions (3.2% and 8.4%, respectively). At Cox-regression analyses, mABLATE 
score outperformed both RENAL and mRENAL scores in predicting recurrences (HR 1.48; p < 0.001 vs. 1.41; p = 0.1 vs. 
1.38: p = 0.07, respectively). The ABLATE score showed to be a better predictor of relapses than RENAL and mRENAL. 
The small number of complications conditioned a lack of statistic power on complications for all the scores. At the moment 
to quantify the risks in percutaneous kidney ablation procedures, surgical scores are used. A specific score better performs 
this task.
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Introduction

Local ablative therapies have become an established treat-
ment option in interventional oncology. Percutaneous 
thermal ablation of renal masses is a minimally invasive 

procedure that has proven to be an effective and safe treat-
ment for selected patients [1, 2].

The American Urological Association consensus guide-
lines include percutaneous ablation as an acceptable treat-
ment option in selected patients since 2013 and this concept 
was reiterated in the 2017 version, even if only for cT1a 
renal masses < 3 cm [3]. However, T1b tumors are also 
included in numerous studies.

Although nephrectomy remains the reference stand-
ard for renal tumor treatment, physician acceptance and 
patient interest in percutaneous ablation are growing as 
intermediate- and long-term outcome data become avail-
able; for example, Whitson et  al. [4] compared 7704 
nephron-sparing surgeries and 1114 renal ablations using 
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data from the surveillance, epidemiology, and end results 
cancer registry and showed very similar 5-year disease-
specific survival rates (98.3% vs 96.6%).

In the last years, improved ablation devices have wid-
ened the range of renal lesions that can be successfully 
and safely treated.

Over the years, several scores attempted to predict 
relapses and complications in renal lesion treatments.

The RENAL nephrometry score, developed for sur-
gical resection, is a standardized method to assess the 
complexity of renal masses 5. In some studies, this score 
predicts treatment success [5, 6] and complications [5−7] 
for percutaneous treatments. But there are other studies 
disagreeing these results: one in particular reported diam-
eter > 3 cm (and not RENAL) predicts treatment failure 
[8], whereas other studies have not identified any factors 
predictive of treatment success [9]. As a result, a modified 
RENAL (mRENAL) nephrometry score was proposed to 
predict relapses for radiofrequency ablations [10]. Hence, 
mRENAL is also a surgical-born score and was validated 
to better predict complications than RENAL score only 2 
years later [11].

Taking inspiration from a study that describes a plan-
ning algorithm for renal ablation [12], we tried to build a 
specific interventional score to predict the complication 
and recurrence rate in percutaneous treatment of renal 
lesions.

Materials and methods

Between January 2014 and November 2018, all consecutive 
patients submitted to renal cryoablation for renal mass were 
included in our prospective database. For each procedure, 
Galil Medical (© 2018 Galil Medical Inc, 4364 Round Lake 
Road Arden Hills, MN 55112 USA) cryoprobes and cry-
ostat were used. A total of 115 icerods, 25 icespheres, and 
3 iceseeds were used with a mean of 2.01 cryoprobes for 
each procedure. The number and the type of probes used for 
each treatment were decided in the preprocedural evaluation 
according to size, shape, and characteristics of the lesion to 
be treated. This evaluation aimed to achieve the best cryoball 
to cover the lesion, minimizing the involvement of healthy 
structures, as each type of probe provides cryoballs of dif-
ferent shape and size.

Using the same acronym, we added some modifications 
to the ABLATE algorithm [12] creating the ABLATE score, 
structured as follows (summary in Fig. 1):

A (axial tumor diameter)

Literature shows how small lesions are easier to be treated 
with a lower risk of complication and recurrence [13−17].

– 1 point was assigned for each centimeter of maximum 
diameter, starting from 0.

Fig. 1  Schematic description of the ABLATE score with some iconographic example
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B (bowel proximity)

Close proximity of the renal mass to the bowel increases 
the complexity of the ablation procedure and increases the 
complication rate for the chance to cause a thermal damage 
to the bowel [18, 19].

Maneuvers to minimize the risk of bowel injury include 
simple changes in patient position and/or injection of either 
gas (pneumodisplacement) [20] or fluid hydrodisplace-
ment) [21, 22] between the tumor and bowel for mechanical 
displacement.

Points for this parameter were assigned as follows:

– 0 if the lesion is farther than 15 mm from the bowel,
– 1 if it is between 5 and 15 mm, and
– 3 if bowel and lesion are closer than 5 mm.

L (location within the kidney)

Historically only tumors located on the posterior and lat-
eral aspect of the kidney, far from the bowel and other 
critical structures, were considered amenable for percu-
taneous ablation.

With growing experience, renal masses in more chal-
lenging locations started to be treated with this technique.

– In case of anterior masses, we assigned 3 points, but only 
1 point if the anterior mass did not have anteriorly inter-
posed bowel loops (Fig. 2).

– 2 points in case of medial masses.
– 1.5 points if the mass was located in the upper pole.

Fig. 2  In case of anterior mass, only 1 point taken without anteriorly interposed bowel loops (a) because this allows a direct approach (b). 3 
points in case an anterior direct approach is not allowed since this increases the procedure difficulty (c, d)
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– 1 point if the mass was located in the right kidney and 
a transhepatic approach was feasible, because despite 
appearances this is a relatively easy and safe approach.

– 0 points for every other location within the kidney.

A (angle)

This parameter is innovative compared to the ABLATE 
algorithm paper12 because it introduces an exclusive con-
cept for the TC-guided percutaneous renal treatment.

Every single angle different from the axial path increases 
the difficulty of the procedure.

– 0 points in case of pure axial path.
– 0.5 points in case of an antero-posterior angle > 10°.
– 1 point in case of a cranio-caudal angle > 10°.
– 2 points in case of both antero-posterior and cranio-cau-

dal angles > 10°.
– 0.5 points for each probe with a different approach: this 

means no extra points in case of 2 or more needles if all 
of them have parallel paths.

T (touching)

This parameter has similar title but wider meaning than that 
of the ABLATE algorithm paper [12] as in our score we 
assigned points for each structure than could be touched by 
the lesion, except for the bowel, already described.

– 3 points if the lesion was closer than 5 mm from ureter 
or renal pelvis.

– 2 points if the lesion touches the renal sinus fat because 
this increases the local recurrence rate more than the per-
centage of endophytic or exophytic lesion, as described 
in a recent work [23]. This is easily explained with the 
so-called heat sink effect [13]. These points are not added 
to those of ureter or renal pelvis contact because it is 
assumed that if a lesion affects the renal pelvis or the 
ureter it also touches renal sinus fat.

– 1.5 points if the lesion was closer than 5 mm from the 
collecting system, the adrenal glands or the diaphragm, 
because of the risk of complications in these cases.

– 1 point if the lesions touched the abdominal wall or the 
spleen for the need of hydrodissection.

E (extra)

Unlike the ABLATE algorithm paper [12], we didn’t con-
sider whether a lesion was endophytic or exophytic because 
this condition was indirectly considered in previous points.

We left this last point for extra conditions.

– 2 points in case the mass was a relapse lesion, because 
this condition is a single predictor for complication and 
relapse rate increase.

– We gave 1 extra point if a lesion was surrounded by cysts 
because this increases the complication and the relapse 
rate. The first for the incremented chance of bleeding, the 
latter for the heat (or cold) sink effect.

Statistical analyses

We tested the ABLATE score on our population for pre-
diction of both complications occurrence and prediction of 
relapse during follow-up. The accuracy of the new score was 
compared to the RENAL and the mRENAL scores.

First, mean values of the 3 scores were compared between 
patients who experienced complications and those who did 
not using the t test. Second, univariable logistic regression 
analyses were performed in order to predict post-operative 
complications according to the 3 scores.

Third, mean values of the 3 scores were compared 
between patients who experienced disease relapse and those 
who did not using the t test.

Finally, Cox-regression analyses were performed in order 
to predict disease recurrence according to the 3 scores.

Results

Between January 2014 and November 2018, 71 lesions in 68 
patients were treated. Table 1 shows pre-operative patients’ 
characteristics. Mean age was 69.6 years among which 47 
and 21 were males and females, respectively. Mean and 
median maximum lesion diameters were 22.1 and 22 mm, 
respectively. Most lesions were primary (87.3%) while only 
9 (12.7%) were secondary. Nearly all lesions were subjected 
to percutaneous biopsy simultaneously to the ablative pro-
cedure; the lesions that weren’t subjected to biopsy were the 
relapsed ones that already had a histological characteriza-
tion from the previous surgery/ablation. The majority of the 
lesions were found to harbor clear cell carcinoma (n = 46; 
64.7%). Overall, a malignant histology was found in 62 
lesions (87.3%). In one case, the biopsy was inconclusive. 
Mean and median RENAL, mRENAL, and ABLATE scores 
were 7.04 and 7, 7.19 and 7, and 5.11 and 4, respectively.

We experienced a total of three periprocedural complica-
tions (3/71 = 4.2%) but only 2 of them needed further treat-
ment (2/71: 2.82%): 1 renal bleeding treated conservatively 
(no blood infusion nor embolization), 1 intrarenal pseudoa-
neurysm successfully treated by a transarterial embolization, 
and 1 bleeding in the site of embolization treated with blood 
infusion and transarterial embolization. The mean RENAL, 
mRENAL, and ABLATE scores in those with complications 
were 7.66 and 7.01 (p = 0.69), 8.0 and 7.1 (p = 0.54), and 
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6.6 and 5.0 (p = 0.38), respectively. Moreover, univariable 
logistic regression analyses did not show any association 
between the three scores and the presence of post-operative 
complications, probably related to the low number of events 
considered.

Mean and median follow-up after treatment were 22.3 and 
24.5 months, respectively.

Recurrence analyses were performed only on lesions with 
malignant histology. In 2 lesions of the malignant group 
(2/62 = 3.2%) the first post-operative MRI performed within 
the first 6 months after treatment showed persistence of dis-
ease. During follow-up, 6 (6/62 = 8.4%) additional lesions 
showed radiological signs of recurrence. We chose, for sta-
tistical reasons, to combine the persistence of the disease 
with disease recurrence.

Therefore, the total number of relapses during follow-up 
was 8 (12.9%), and 1- and 3-year recurrence-free survival 
rates were 85 and 77%, respectively.

Figure 3 shows the ability of the three evaluated scores to 
discriminate between lesions with and without recurrence at 
follow-up. Mean ABLATE score for recurrent tumors was 
8.13 vs. 4.73 for non-recurrent lesions (p < 0.0001).

Finally, at Cox-regression analyses, ABLATE score out-
performed both RENAL and mRENAL scores in predicting 
recurrences (HR 1.48; p < 0.001 vs. 1.41; p = 0.1 vs. 1.38: 
p = 0.07, respectively).

Discussion

Surgical or surgical modified scores are currently used to 
quantify risks in percutaneous kidney ablations.

In our clinical practice in kidney ablation, we found that 
these scores are unreliable in describing the real difficulties; 
sometimes, we found a lesion with a small score difficult to 
be approached with percutaneous ablative techniques, and 
sometimes, a lesion with a high score proves to be easily 
approached with these techniques.

This is why we strongly believe, and demonstrated, that a 
specific interventional score performs this task much better 
than a surgical one.

Using surgical scores, lesions are assigned the same 
score regardless of the treatment technique. Our score tests 
the procedure, not the lesion, and provides different values 
according to the therapeutic strategy, varying according to 
the number of needles or their angle. This is potentially very 
important because the interventional radiologist can plan 
different strategies for each lesion and choose the one with 
the lowest score and, consequently, the one that provides the 
least risk of relapses or complications.

One study limitation was the exclusive use of cryoabla-
tion in our institution. Further analyses should be carried 
out to assess m ABLATE scoring system for other ablative 
techniques.

Furthermore, another limitation was the small number of 
complications obtained in our population, which didn’t allow 
the statistical strength for the score to be considered effec-
tive in predicting complications. Hence, a larger population 
should be analyzed to address this topic.

Notwithstanding the limitations aforementioned, in our 
preliminary experience, ABLATE has proven to be a reliable 
scoring system in predicting relapses.

Therefore, we believe the ABLATE score has the poten-
tial to be used as a strong base, which is capable of being 
improved relying on evidences from the scientific world.

Table 1  Patient characteristics

Variable Value

Age (years)
 Mean (median) 69.8 (73)
 IQR 73–78

Primary lesions 62
Recurrent lesions 9
Maximum tumor diameter (mm)
 Mean (median) 22.1 (22)
 IQR 14–28
 Range 7–54

RENAL nephrometric score
 Mean (median) 7.04 (7)
 IQR 6–9

mRENAL nephrometric score
 Mean (median) 7.19 (7)
 IQR 6–9

ABLATE score
 Mean (median) 5.11 (4)
 IQR 3–6

Histology (%)
 Clear cell carcinoma 46 (64.7%)
 Papillary carcinoma 12 (16.9%)
 Chromophobe carcinoma 4 (5.6%)
 Oncocytoma 6 (8.4%)
 Angiomyolipoma 2 (2.8%)
 Inconclusive 1 (1.4%)

Follow-up (months)
 Mean (median) 22.3 (24.5)
 IQR 6.5–36

Oncological outcome
 Persistent lesions 2 (2.8%)
 Recurrences 6 (8.4%)
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