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Risk Factors for Renal Function 
Impairment Following 
Radiofrequency Ablation 
of Renal Tumors
신장 종양 고주파 절제술 이후 신장 기능 저하의 위험요소

Il Cheol Park, MD , Seong Kuk Yoon, MD* , Dong Won Kim, MD 
Department of Radiology, Dong-A University College of Medicine, Busan, Korea

Purpose To evaluate the various factors that affect renal function following percutaneous ra-
diofrequency ablation (RFA) therapy in patients with renal tumors.
Materials and Methods Between 2010 and 2018, 91 patients diagnosed with renal tumors us-
ing ultrasonography and CT-guided RFA were enrolled. We retrospectively investigated the se-
rum creatinine (SCr) level and estimated glomerular filtration rates immediately prior to RFA 
and during post-treatment follow-up. The patients were divided into two groups based on the 
degree of change in SCr level (0.3 mg/dL). Group comparisons were performed using univariable 
and multivariable logistic regression analyses to determine the factors impacting renal function.
Results Impaired renal function was associated with solitary kidney, chronic kidney disease 
(CKD) over stage 3, and pyeloureteral injury. Sex, age, other cancers, tumor size, location, growth 
pattern, and proximity to the collecting system were not significantly associated with impaired 
renal function. There was a difference in the overall change over time between the association 
with and without solitary kidney, CKD stage 3, and pyeloureteral injury.
Conclusion Among the medical conditions present prior to RFA, solitary kidney and CKD over 
stage 3 could be considered as risk factors for impaired renal function. Post-procedural pyelo-
ureteral injury can also be considered a risk factor.

Index terms ‌�Radiofrequency Ablation; Kidney Neoplasms; Kidney Function Tests

INTRODUCTION

Radical nephrectomy used to be considered as the choice of treatment for patients 
with renal cancer (1). In cases of small renal cancer, solitary kidney, or bilateral renal 
cancer, partial nephrectomy has shown to have comparable oncologic outcomes to that 
of an alternative treatment (1, 2). The nephron-preserving surgery can also be expected to 
prevent the overtreatment of radical nephrectomy in benign lesions (3). However, neph-
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ron- preserving surgery may significantly contribute to morbidity and mortality in patients 
with major comorbidities. Primarily, renal function impairment is a troublesome sequelae of 
renal cancer surgery, since the developing or aggravating chronic kidney disease (CKD) in-
creases the risk of mortality, hospital stay, and risk of cardiovascular disorders (4, 5). The Amer-
ican Urological Association considers percutaneous radiofrequency ablation (RFA) as an alter-
native to surgery for poor surgical candidates with comorbidities (6). 

 Many studies show that RFA has minimal influence on renal function (7-11). In case of re-
nal function loss following RFA, tumor predictors affecting renal function may be closely re-
lated to lesion size, location, number, and successful ablation rate (12). Apart from tumor 
predictors, the factors influencing renal function have not been elucidated. It is important to 
understand the risk factors for renal function impairment following RFA to aid patient man-
agement and guidance. The purpose of the present study is to evaluate various factors that 
affect renal function after RFA therapy in patients with renal tumors.

MATERIALS AND METHODS

This retrospective study was approved by our Institutional Review Board. Informed consent 
of patients was waived (IRB No. DAUHIRB-21-165).

PATIENTS
Between January 2010 and December 2018, 112 patients with renal tumors were treated us-

ing ultrasonography (US) and CT-guided RFA. The inclusion criteria comprised the presence 
of renal masses upon imaging for renal cell carcinoma (RCC) or sporadic Bosniak III or IV le-
sions on kidney CT or MRI, and at least 1 year of imaging and renal function test follow-up af-
ter RFA. Twenty one patients were excluded due to follow-up loss (n = 14), presence of a large 
renal tumor (8.8 cm, n = 1), renal metastases from lung cancer (n = 1) and bladder cancer (n = 
1), RCC arising from a transplanted kidney (n = 1), bilateral multiple RCCs in a patient with 
von-Hippel-Lindau disease (n = 1), and subsequent nephrectomy for recurrence (n = 2).

Tables 1 and 2 show clinical and radiological data. A total of 91 patients (60 male and 31 fe-
male; mean age, 55.5 years; age range, 26–85 years; mean follow-up period, 66 months; fol-
low-up range, 12–121 months) with 91 renal tumors were finally included in this study. All 
patients with CKD (7 of 91) were at stage 3. All patients with solitary kidney (9 of 91) under-
went previous radical nephrectomy due to RCC. 

Renal tumor size was measured on contrast enhanced kidney CT or MRI, and the median 
tumor size was 1.7 cm (range, 0.8–5.6 cm). Measurement of the longest diameter in the axial 
or coronal plane was selected as the tumor size. Tumor radiologic features were categorized 
based on the tumor classification algorithms suggested by the Radius, Exophytic/Endophytic 
properties, Nearness of tumor, Anterior/posterior, Location relative to polar lines (R.E.N.A.L) 
nephrometry score (13). Renal tumors were classified as exophytic or endophytic according 
to the lesion location. Exophytic tumors were classified based on the extent to which the tu-
mor bulged out from the kidney surface (≥ 50% or < 50%). Entirely endophytic tumors were 
considered as enclosed renal masses by uninvolved normal renal parenchyma (13).

Various criteria have been used to define a significant worsening of the renal function. Re-
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nal function results were categorized into continuous [serum creatinine (SCr) or estimated 
glomerular filtration rates (eGFRs) change] and categorical (CKD stages ≥ 3, ≥ 3b, ≥ 4, and 
end-stage renal disease) outcomes (14-23). The Acute Kidney Injury Network’s working group 
proposed an absolute increase in the SCr level of at least 0.3 mg/dL as the diagnostic criteria 
for stage 1 of acute kidney injury (24). Although the patient group in this study included those 
with acute and chronic renal injury, the definition of the renal functional impairment after 

Table 1. Patient Characteristics 

                Features Values
Age, year

Mean 55.5
Range 26–85

Sex
Male 60 (65.9)
Female 31 (34.1)

Follow-up period, month
Mean 66
Range 12–121

Underlying diseases
CKD stage ≥ 3* 7 (7.7)
Single kidney 9 (9.9)
Cancer 21 (23.1)
HTN 61 (67.0)
DM 52 (57.1)

Values in parentheses are percentages unless specified otherwise.
*All CKD patients were stage 3.
CKD = chronic kidney disease, DM = diabetes mellitus, HTN = hypertension

Table 2. Radiologic Features of the Tumors

                Features Values
Size, cm

Mean 2.8
Median 1.7
Range 0.8–5.6

Laterality
Right 54 (59.3)
Left 37 (40.7)

Location
Anterior 41 (45.1)
Posterior 41 (45.1)
Neither 9 (9.8)

Growth pattern
Exophytic 58 (63.7)
Endophytic 33 (36.3)

Values in parentheses are percentages unless specified otherwise.
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RFA has not been specifically established. We defined an SCr level change of at least 0.3 mg/
dL between pre-RFA and post-RFA as a significant change, indicative of renal function im-
pairment. The patients were divided into two groups based on the degree of change in the 
SCr level. The 15 patients who presented an increase in SCr level of more than 0.3 mg/dL, 
three times consecutively in a year, compared with pre-RFA SCr level, constituted group A. 
The other 76 patients with an SCr level change of less than 0.3 mg/dL constituted group B.

RFA PROCEDURE
RFA was conducted by a uroradiologist with 14 years of experience in percutaneous US 

and CT-guided ablation in the kidney. CT-guided RFA was performed using a CT scanner 
(Sensation, Siemens Medical Solutions Inc., Malvern, PA, USA).

All cases were performed with a single (with one 2.0–3.0 cm tip) internally cooled radiofre-
quency electrode (Radionics, Burlington, MA, USA) with impedance-modulated pulsed current. 

The patients lay in a modified lateral position on the CT table based on the tumor location. 
US and CT-guided RFA procedure composed of planning, targeting, monitoring, controlling, 
and assessment of treatment response (25).

US or CT was performed to measure the angle and depth of the electrode insertion. While 
checking the location of the renal tumor under US, an electrode was inserted into the bound-
ary of the tumor. Subsequently, CT was performed to confirm whether the electrode was 
placed within the tumor. Following this, RFA was performed using the electrode for 12 min-
utes. When residual tumors were found on an additional CT, the position of the electrode was 
adjusted with the help of the CT and an additional procedure was performed for 6–12 minutes 
(26, 27). When renal tumor ablation of 0.5 cm or more of the tumor margin was considered 
appropriate by the uroradiologist, the RFA session was completed (12).

DATA ANALYSIS
Contrast-enhanced multiphasic CT imaging was performed immediately after the proce-

dure to serve as a basis for comparison of follow-up images. The purpose of 1-day follow-up CT 
was to check for immediate complications. Patients were followed up with contrast-enhanced 
CT or dynamic contrast-enhanced MRI at 1 day, 1 month, 3 months, and 6 months and were 
then followed up twice a year. 

RFA sessions, residual tumor, technical efficacy, and local tumor progression were record-
ed based on the International Working Group of Image-Guided Tumor Ablation (IWG-IGT) 
criteria. Residual tumor was considered to have a focal enhancing lesion observed on the 
first follow-up CT scan 1 month after RFA. Technical efficacy was defined as no focal enhanc-
ing lesion on images taken at the first follow-up. Local tumor progression was defined as a 
focal enhancing lesion on images taken at the second follow-up or increased size of ablation 
zone or suspicious findings in MR images (decreased T1 signal intensity, increased T2 signal 
intensity, or increased diffusion weighted signal with decreased apparent diffusion coeffi-
cient) (25).

After the procedure, periodic SCr levels and eGFRs were recorded for the previous day and 
post RFA (1 day, 3 days, 1 week, 1 month, and 6 months, followed by twice a year) to confirm 
renal function impairment. eGFRs were estimated using the diet modification in renal disease 
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equation (28). Time points for follow-up periods in previous studies vary. In this study, renal 
function outcomes within a year were used to prevent inclusion of other competitive factors 
of renal function deterioration and to check the long-term renal function changes rather than 
acute kidney injury (22). 

Post-procedural complication types (major or minor) were recorded based on the IWG-IGT 
criteria (25). A major complication is defined as one that may result in significant morbidity 
(e.g., unexpected organ loss or permanent adverse sequelae) requiring pharmacological, ra-
diological, or surgical treatment. It can increase the level of care required, result in hospital 
admission, or substantially lengthen the hospital stay. All complications other than the major 
ones are considered minor complications requiring supportive care.

STATISTICAL ANALYSIS
Group comparisons were performed using univariable and multivariable logistic regres-

sion analysis to evaluate the risk factors for renal function impairment after RFA. Paired t 
test was used to compare the SCr level and eGFRs evaluated pre-RFA and upon 1-year follow 
up. Differences in repeatedly recorded SCr levels and eGFRs were evaluated using repeated-
measures ANOVA. When the Mauchly’s sphericity assumptions were not met (p < 0.05), either 
Greenhouse-Geisser (ε < 0.75) or Huynh-Feldt (ε ≥ 0.75) corrections were performed to rectify 
the ANOVA F statistic for main and interaction effects. All statistical analyses were performed 
using SPSS version 26.0 (IBM Corp., Armonk, NY, USA). A p value < 0.05 was considered statis-
tical significant.

RESULTS

Residual tumors were detected in 9 of the 91 patients on the first follow-up CT images; 
hence the technical efficacy rate was 90.1% (82/91). Among the nine tumors, eight additional 
RFAs were performed successfully for eight; one rejected the additional RFA. Local tumor 
progression was found in 12 of the 91 patients (local tumor progression rate: 13.2%) at vari-
ous follow-up intervals within 5 years after RFA procedures. Eight patients with local tumor 
progression were treated with repeated RFA. Of these, one patient experienced recurrence 
since the second procedure. The patient underwent subsequent RFA and no sign of recur-
rence was observed for 12 months since the last RFA. Two patients having local tumor pro-
gression refused further treatment. One patient was diagnosed with biopsy proven oncocyto-
ma, and the other showed lung and bone metastases 16 months after RFA and was treated 
with chemotherapy and radiotherapy.

The overall complication rate in the 108 RFA sessions was 29.6% (32/108). Most of the com-
plications (30/32; 93.8%) were minor, including 24 perinephric or subcapsular hematomas, 
and 6 mild hydronephrosis due to pyeloureteral injuries. All hematoma cases were managed 
with supportive care and resolved within 3 months. Two major complications occurred (2/32; 
6.3%), which were pyeloureteral injuries that required percutaneous nephrostomy and inser-
tion of a double J ureteral catheter, respectively, and resulted in a ureteropelvic junction 
stricture (Fig. 1). 

Tables 3 and 4 show the variables significantly associated with renal function impairment 
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upon univariable and multivariable logistic regression analysis. In univariable analysis, age, 
solitary kidney, CKD stage 3, R.E.N.A.L score, and pyeloureteral injury were found to be sig-
nificantly associated (p < 0.05). Among these, solitary kidney [odds ratio (OR) = 176.723, p = 
0.026], CKD stage 3 (OR = 43.583, p = 0.024), and pyeloureteral injury (OR = 36.848, p = 0.043) re-
mained significantly associated (p < 0.05) upon multivariable analysis. The R.E.N.A.L. score 
(OR = 5.872, p = 0.071) and age (OR = 1.56, p = 0.086), followed a trend toward significance. 
Other variables such as sex, other previously diagnosed cancers, tumor size, location, growth 

Fig. 1. A 67-year-old male with an injury at the ureteropelvic junction. 
A. Pre-RFA kidney CT image during the corticomedullary phase shows a 1-cm endophytic renal tumor (arrow) 
in the medial portion of the right kidney lower pole and in close proximity to the upper ureter (arrowhead). 
Pre-RFA SCr and eGFR were 0.73 mg/dL and 115 mL/min/1.73 m2, respectively. 
B. CT-guided RFA was done with the patient in the left lateral decubitus position on the CT table. RF elec-
trode (arrow) abuts on the upper ureter (arrowhead). 
C. The next-day post-RFA kidney CT image shows complete ablation of the renal tumor (arrow), but enhanc-
ing wall thickening of the ureteropelvic junction is newly detected (arrowhead). 
D. Four-month post-RFA kidney CT image shows ureteropelvic junction stricture (arrowhead) and hydrone-
phrosis. Abscess pockets and inflammatory thickening (arrow) are detected at the right perinephric space. 
Post-RFA SCr increased to 1.24 mg/dL and eGFR decreased to 69.2 mL/min/1.73 m2, respectively. 
eGFR = estimated glomerular filtration rates, RFA = radiofrequency ablation, SCr = serum creatinine

A

C

B

D
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pattern, nearness to the collecting system, and pathologic types were not positively associated 
with decreased renal function (p > 0.1).

Renal function test results regarding SCr levels and eGFRs at pre-RFA were significantly 
different from those obtained at the 1-year follow-up. The mean pre-RFA SCr level was 1.11 
mg/dL, which significantly increased to 1.57 mg/dL at the 1-year follow-up (p < 0.0001) in group 
A (Table 5). The mean pre-RFA eGFR was 72.2 mL/min/1.73 m2, which significantly decreased 
to 43.3 mL/min/1.73 m2 (p < 0.0001) in group A (Table 5). Group B showed insignificant chang-
es in renal function tests before and after RFA (Table 5).

A repeated-measures ANOVA measured at preset times (pre-RFA and post-RFA at 1day, 3 
days, 1 week, 1 month, 6 months, and 1 year) was used to evaluate any interaction between 

Table 3. Univariable Analysis of Renal Function Impairment (Impaired = Group A, Unimpaired = Group B)

Clinical and Radiologic Features Group A (n = 15) Group B (n = 76) p-Value OR
Clinical features

Sex 0.279 1.399
Male 10 (66.6) 50 (65.8)
Female 5 (33.3) 26 (34.2)

Mean age, year 70.9 55���� 0.047 1.140
CKD stage 3 5 (33.3) 2 (2.6) 0.031 25.569
Single kidney 5 (33.3) 4 (5.2) 0.017 25.489
Cancer 3 (20.0) 17 (18.7) 0.409 0.224
HTN 10 (66.6) 51 (67.1) 0.591 0.985
DM 8 (53.3) 44 (57.9) 0.416 1.518

Radiologic features
Mean size, cm 2.4 2.8 0.828 1.017
Mean ablation diameter, cm 4.7 3.9 0.950 1.004
Laterality 0.633 1.871

Right 8 (53.3) 46 (60.5)
Left 7 (46.7) 30 (39.5)

Mean R.E.N.A.L score 8� 7� 0.042 6.783
Low (score 4–6) 4 (26.7) 26 (34.2)
Intermediate (score 7–9) 9 (60.0) 43 (56.6)
High (score 10–12) 2 (13.3) 7 (9.2)

Postprocedural features
Pyeloureteral injury 3 (20.0) 5 (6.6) 0.040 10.846
Hematoma 2 (13.3) 21 (27.7) 0.235 0.166
RFA session

1 session 11 (73.3) 63 (82.9) 0.519 3.252
2 session 3 (20.0) 13 (17.1) 0.601 1.946
3 session 1 (6.7) 0� 0.261 1.248

Values in parentheses are percentages unless specified otherwise. Group A: SCr three consecutive increase of 
more than 0.3 mg/dL compared with pre-RFA SCr. Group B: serum creatinine change of less than 0.3 mg/dL. 
CKD = chronic kidney diseae, DM = diabetes mellitus, HTN = hypertension, OR = odds ratio, R.E.N.A.L. = Radi-
us, Exophytic/Endophytic properties, Nearness of tumor, Anterior/posterior, Location relative to polar lines, 
RFA = radiofrequency ablation, SCr = serum creatinine
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the risk factors (solitary kidney, CKD stage 3, and pyeloureteral injury) and renal function im-
pairment (Fig. 2). Within-patient main effects between the predetermined times were signifi-
cant for solitary kidney (SCr: F = 9.005, p < 0.0001, eGFR: F = 5.573, p < 0.0001), CKD stage 3 (SCr: 
F = 10.031, p < 0.0001, eGFR: F = 1.924, p = 0.046), and pyeloureteral injury (SCr: F = 4.969, p < 
0.0001, eGFR: F = 2.533, p = 0.027). Thus, SCr and eGFR showed statistically significant changes 
with the passing of time. Significant within-patient differences in interactions between the 
risk factors (solitary kidney, CKD stage 3, and pyeloureteral injury) and decreased renal func-
tion outcome were detected for solitary kidney (SCr: F = 3.522, p = 0.004, eGFR: F = 2.611, p = 

Table 4. Multivariable Analysis of Renal Function Impairment (Impaired = Group A, Unimpaired = Group B)

Clinical and Radiologic Features Group A (n = 15) Group B (n = 76) p-Value OR
Mean age, year 70.9������ 55���������� 0.086 1.560
CKD stage 3 5 (33.3) 2 (2.6) 0.024 43.583
Single kidney 5 (33.3) 4 (5.2) 0.026 176.723
Mean R.E.N.A.L score 8� 7� 0.071 5.872

Low (score 4–6) 4 (26.7) 26 (34.2)
Intermediate (score 7–9) 9 (60.0) 43 (56.6)
High (score 10–12) 2 (13.3) 7 (9.2)
Radius, maximal diameter, cm 0.119 0.004

1, ≤ 4 14 (93.3) 72 (94.7)
2, > 4 but < 7 1 (6.7) 4 (5.3)
3, ≥ 7 0� 0�

Exophytic/endophytic 0.932 0.918
1, ≥ 50% 4 (26.7) 18 (23.7)
2, < 50% 3 (20.0) 33 (43.4)
3, endophytic 8 (53.3) 25 (32.9)

Nearness of tumor to collecting system, mm 0.796 0.776
1, ≥ 7 5 (33.3) 33 (43.4)
2, > 4 but < 7 3 (20.0) 14 (18.4)
3, ≤ 4 7 (46.7) 29 (38.2)

Anterior/posterior 0.216 3.910
Anterior 6 (40.0) 35 (46.1)
Posterior 8 (53.3) 33 (43.4)
Neither 1 (6.7) 8 (10.5)

Location relative to polar lines 0.231 1.540
1, above or below 4 (26.7) 32 (42.1)
2, crosses 4 (26.7) 10 (13.2)
3, between* 7 (46.7) 34 (44.7)

Pyeloureteral injury 3 (20.0) 5 (6.6) 0.043 36.848
Values in parentheses are percentages unless specified otherwise. Group A: SCr three consecutive increase of 
more than 0.3 mg/dL compared with pre-RFA SCr. Group B: serum creatinine change of less than 0.3 mg/dL.
*More than 50% of the mass is across the polar line, mass crosses the axial renal midline, or mass is entirely 
between the polar lines.
CKD = chronic kidney diseae, OR = odds ratio, R.E.N.A.L. = Radius, Exophytic/Endophytic properties, Near-
ness of tumor, Anterior/posterior, Location relative to polar lines, SCr = serum creatinine
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0.023), CKD stage 3 (SCr: F = 6.053, p < 0.0001, eGFR: F = 1.545, p = 0.043), and pyeloureteral 
injury (SCr: F = 3.376, p = 0.005, eGFR: F = 1.866, p = 0.024). There was a difference in overall 
change over time between the variables: with- and without solitary kidney, CKD stage 3, and 
pyeloureteral injury.

DISCUSSION

RFA has emerged as an alternative treatment to partial nephrectomy for patients with 
small renal tumors (T1a) and can also be performed in larger tumors (T1b) (29-32). RFA has 
been regarded as having long-term oncologic outcomes comparable to that of partial ne-
phrectomy. Given the comparable and favorable survival outcomes of each treatment, signif-
icant measures are often taken for renal function preservation (14). Many studies reported 
better renal function outcomes after RFA than that after partial nephrectomy among patients 
with solitary kidney (15, 16). With the exception of patients with solitary kidney, the changes 
in renal function after performing each of the treatments remain unclear. The European As-
sociation of Urology, the National Comprehensive Cancer Network, and the American Uro-
logical Association do not have firm suggestion for the treatment of choice based on renal 
function impact. Many studies evaluated continuous renal function tests, showing no signifi-
cant differences between RFA and partial nephrectomy (17-21). However, some studies re-
ported that RFA might protect renal function better when compared to partial nephrectomy 
(11, 22, 23). 

In univariable and multivariable logistic regression analysis, renal function impairment 
was positively associated with solitary kidney, CKD stage 3, and pyeloureteral injury. Better 
renal function outcome was reported following RFA compared to partial nephrectomy in pa-
tients with solitary kidney (15, 16); however, solitary kidney by itself was independently asso-
ciated with CKD development (33). Among the nine patients with solitary kidney, impaired 
renal function was reported in five. Two of them had preexisting stage 3 CKD, and the other 
two had a history of colon cancer surgery at an advanced age (over 70-year-old). Lucas et al. 
(34) reported a significant decrease in renal function of patients with preoperative CKD stage 

Table 5. Changes in Renal Function Tests Between Pre- and Post-RFA

Renal Function Tests Pre RFA 1 Year Follow Up p-Value
Total (n = 91)

Creatinine, mg/dL 0.96 (1.30–1.88) 1.06 (0.60–2.40) < 0.0001
eGFRs, mL/min/1.73 m2 82.9 (30.8–128.4) 75.9 (19.8–138.0) < 0.0001

Group A (n = 15)
Creatinine, mg/dL 1.11 (0.60–1.80) 1.57 (0.94–2.40) < 0.0001
eGFRs, mL/min/1.73 m2 72.2 (30.8–117.2) 43.3 (19.8–69.2) < 0.0001

Group B (n = 76)
Creatinine, mg/dL 0.93 (1.30–1.88) 0.97 (1.20–1.71)  0.161
eGFRs, mL/min/1.73 m2 85.1 (41.6–128.4) 82.3 (42.0–138.0)  0.235

Parenthesis indicates data range. 
eGFRs = estimated glomerular filtration rates, RFA = radiofrequency ablation
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3 who had undergone partial nephrectomy compared to RFA. Wehrenberg-Klee et al. (10) 
demonstrated that RFA of renal tumors did not affect the renal function of patients with pre-
existing CKD over stage 3. However, this study (10) showed that 7 of 48 patients had more 
than 25% decrease in the eGFRs. In the present study, five of seven patients with pre-existing 
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Fig. 2. Repeated-measures ANOVA to evaluate the interaction between risk factors and renal function im-
pairment. Visual analog scales for renal function outcomes (SCr and eGFR) are shown for with or without 
single kidney, CKD, and pyeloureteral injury at various times. 
A-F. As time passed, SCr (A, C, E) and eGFR (B, D, F) show statistically significant changes. There was a dif-
ference in overall change over time between with and without solitary kidney, CKD stage 3, and pyeloure-
teral injury.
CKD = chronic kidney disease, eGFR = estimated glomerular filtration rates, mo = month, RFA = radiofre-
quency ablation, SCr = serum creatinine, wk = week, yr = year 
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CKD stage 3 showed decreased renal function outcome. Among them, four patients’ condi-
tion worsened from CKD stage 3 to a stage 4 and one patient from CKD stage 3a to stage 3b. 
Eight hydronephroses were detected on the follow-up CT scans. Three patients showed renal 
function impairment and the other five patients showed renal function preservation. Radio-
logical interventions were performed in two of them; however, continuous ureteropelvic 
junction strictures were detected on follow-up CT along with worsened renal function. The 
two cases had tumors in the medial portion of the kidney and in close proximity to the col-
lecting system. Prior to RFA, the SCr levels and eGFRs of the two patients were 0.73, 0.8 mg/
dL and 115, 90.6 mL/min/1.73 m2, respectively. Post-RFA, the SCr levels increased to 1.24, 1.22 
mg/dL and eGFRs decreased to 69.2, 64.8 mL/min/1.73 m2, respectively; these were measured 
at 4 months after RFA just prior to the interventional procedure for the ureteropelvic junc-
tion stricture. Although the tumor location did not show statistically significant results, the 
medial portion of the lower pole may be a significant predictor of ureteropelvic junction in-
jury (12, 23, 35). The renal mass arising from the medial portion of the lower pole can be lo-
cated closer to the ureter; hence the operator should perform an RFA carefully, considering 
invasive or non-invasive prevention methods such as hydrodissection, levering electrode, 
preprocedural ureter catheterization, or position change. The other case who had impaired 
renal function showed continuously mild hydronephrosis on follow-up CT scans. Radiologi-
cal intervention was not performed. Prior to RFA, the SCr levels and eGFRs was 1.12 mg/dL 
and 68.1 mL/min/1.73 m2. The SCr level increased to 1.61 mg/dL and eGFRs decreased to 32 
mL/min/1.73 m2 after a year. Five patients without decreased renal function showed mild cali-
ectasis on follow-up CT scans. There was no need to take further treatment in relation to mild 
caliectasis.

There were certain limitations to our study. First, this study was conducted using a retro-
spective method. Hence, selection bias for the study population may be inevitable. Second, 
the small sample size in this study may lead to a less reliable conclusion. Third, we set the cri-
teria for a significant decrease in renal function as a 0.3 mg/dL increase in SCr level without 
proven evidence.

Partial nephrectomy may cause significant morbidity and mortality in patients with major 
comorbidities. RFA may be an alternative in not only poor surgical candidates but also healthy 
patients unwilling to undergo surgery. Among the medical conditions present prior to RFA, 
solitary kidney and CKD over stage 3 may be considered as risk factors for impaired renal 
function. Post-procedural pyeloureteral injury may also be considered a risk factor. High-risk 
comorbidities may require great care to avoid aggravating remnant renal function.

Author Contributions
Conceptualization, all authors; data curation, P.I.C., K.D.W.; formal analysis, all authors; funding ac-

cquistion, Y.S.K.; investigation, P.I.C., K.D.W.; methodology, all authors; project administration, Y.S.K.; 
resources, P.I.C., K.D.W.; supervision, Y.S.K.; validation, Y.S.K., K.D.W.; visualization, P.I.C., K.D.W.; 
writing—original draft, all authors; and writing—review & editing, all authors. 

Conflicts of Interest
Seong Kuk Yoon has been a Section Editor of the Journal of the Korean Society of Radiology since 

2014; however, he was not involved in the peer reviewer selection, evaluation, or decision process of 
this article. Otherwise, no other potential conflicts of interest relevant to this article were reported.



jksronline.org328

Renal Function Following Renal RFA

Funding
This work was supported by the Dong-A University research fund.

REFERENCES

1.	 Motzer RJ, Jonasch E, Agarwal N, Bhayani S, Bro WP, Chang SS, et al. Kidney cancer, version 2.2017, NCCN 
clinical practice guidelines in oncology. J Natl Compr Canc Netw 2017;15:804-834

2.	 Rivero JR, De La Cerda J 3rd, Wang H, Liss MA, Farrell AM, Rodriguez R, et al. Partial nephrectomy versus 
thermal ablation for clinical stage T1 renal masses: systematic review and meta-analysis of more than 
3,900 patients. J Vasc Interv Radiol 2018;29:18-29

3.	 Nandanan N, Veccia A, Antonelli A, Derweesh I, Mottrie A, Minervini A, et al. Outcomes and predictors of be-
nign histology in patients undergoing robotic partial or radical nephrectomy for renal masses: a multicenter 
study. Cent European J Urol 2020;73:33-38

4.	 Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney disease and the risks of death, cardiovas-
cular events, and hospitalization. N Engl J Med 2004;351:1296-1305

5.	 Eckardt KU, Coresh J, Devuyst O, Johnson RJ, Köttgen A, Levey AS, et al. Evolving importance of kidney 
disease: from subspecialty to global health burden. Lancet 2013;382:158-169

6.	 Campbell S, Uzzo RG, Allaf ME, Bass EB, Cadeddu JA, Chang A, et al. Renal mass and localized renal can-
cer: AUA guideline. J Urol 2017;198:520-529

7.	 Marshall HR, Shakeri S, Hosseiny M, Sisk A, Sayre J, Lu DS, et al. Long-term survival after percutaneous radio-
frequency ablation of pathologically proven renal cell carcinoma in 100 patients. J Vasc Interv Radiol 2020; 
31:15-24

8.	 Pettus JA, Werle DM, Saunders W, Hemal A, Kader AK, Childs D, et al. Percutaneous radiofrequency abla-
tion does not affect glomerular filtration rate. J Endourol 2010;24:1687-1691

9.	 Altunrende F, Autorino R, Hillyer S, Yang B, Laydner H, White MA, et al. Image guided percutaneous probe 
ablation for renal tumors in 65 solitary kidneys: functional and oncological outcomes. J Urol 2011;186:35-41

10.	 Wehrenberg-Klee E, Clark TW, Malkowicz SB, Soulen MC, Wein AJ, Mondschein JI, et al. Impact on renal 
function of percutaneous thermal ablation of renal masses in patients with preexisting chronic kidney dis-
ease. J Vasc Interv Radiol 2012;23:41-45

11.	 Sung HH, Park BK, Kim CK, Choi HY, Lee HM. Comparison of percutaneous radiofrequency ablation and 
open partial nephrectomy for the treatment of size- and location-matched renal masses. Int J Hyperthermia 
2012;28:227-234

12.	 Park SY, Park BK, Kim CK. Thermal ablation in renal cell carcinoma: what affects renal function? Int J Hy-
perthermia 2012;28:729-734

13.	 Kutikov A, Uzzo RG. The R.E.N.A.L. nephrometry score: a comprehensive standardized system for quanti-
tating renal tumor size, location and depth. J Urol 2009;182:844-853

14.	 Pierorazio PM, Johnson MH, Patel HD, Sozio SM, Sharma R, Iyoha E, et al. Management of renal masses and 
localized renal cancer: systematic review and meta-analysis. J Urol 2016;196:989-999

15.	 Turna B, Kaouk JH, Frota R, Stein RJ, Kamoi K, Gill IS, et al. Minimally invasive nephron sparing manage-
ment for renal tumors in solitary kidneys. J Urol 2009;182:2150-2157

16.	 Ljungberg B, Albiges L, Abu-Ghanem Y, Bensalah K, Dabestani S, Fernández-Pello S, et al. European associ-
ation of urology guidelines on renal cell carcinoma: the 2019 update. Eur Urol 2019;75:799-810

17.	 Larcher A, Meskawi M, Valdivieso R, Boehm K, Trudeau V, Tian Z, et al. Comparison of renal function detri-
ments after local tumor ablation or partial nephrectomy for renal cell carcinoma. World J Urol 2016;34:383-
389

18.	 Kim HJ, Park BK, Park JJ, Kim CK. CT-guided radiofrequency ablation of T1a renal cell carcinoma in Korea: 
mid-term outcomes. Korean J Radiol 2016;17:763-770

19.	 Faddegon S, Ju T, Olweny EO, Liu Z, Han WK, Yin G, et al. A comparison of long term renal functional out-
comes following partial nephrectomy and radiofrequency ablation. Can J Urol 2013;20: 6785-6789

20.	 Patel HD, Pierorazio PM, Johnson MH, Sharma R, Iyoha E, Allaf ME, et al. Renal functional outcomes after 
surgery, ablation, and active surveillance of localized renal tumors: a systematic review and meta-analysis. 
Clin J Am Soc Nephrol 2017;12:1057-1069

21.	 Zagoria RJ, Traver MA, Werle DM, Perini M, Hayasaka S, Clark PE. Oncologic efficacy of CT-guided percuta-



https://doi.org/10.3348/jksr.2021.0076 329

J Korean Soc Radiol 2022;83(2):317-330

neous radiofrequency ablation of renal cell carcinomas. AJR Am J Roentgenol 2007;189:429-436
22.	 Uhlig J, Strauss A, Rücker G, Seif Amir Hosseini A, Lotz J, Trojan L, et al. Partial nephrectomy versus ablative 

techniques for small renal masses: a systematic review and network meta-analysis. Eur Radiol 2019;29: 
1293-1307

23.	 Chang X, Zhang F, Liu T, Ji C, Zhao X, Yang R, et al. Radio frequency ablation versus partial nephrectomy for 
clinical T1b renal cell carcinoma: long-term clinical and oncologic outcomes. J Urol 2015;193:430-435

24.	 Kellum JA, Lameire N, Aspelin P, Barsoum RS, Burdmann EA, Goldstein SL, et al. KDIGO clinical practice 
guideline for acute kidney injury. Kidney Int Suppl 2012;2:1-138

25.	 Ahmed M, Solbiati L, Brace CL, Breen DJ, Callstrom MR, Charboneau JW, et al. Image-guided tumor abla-
tion: standardization of terminology and reporting criteria--a 10-year update. Radiology 2014;273:241-260

26.	 Park SH, Yoon SK, Cho JH, Oh JY, Nam KJ, Kwon HJ, et al. Radiofrequency ablation treatment for renal cell 
carcinoma: early clinical experience. Korean J Radiol 2008;9:340-347

27.	 Kim SD, Yoon SG, Sung GT. Radiofrequency ablation of renal tumors: four-year follow-up results in 47 pa-
tients. Korean J Radiol 2012;13:625-633

28.	 Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accurate method to estimate glomerular 
filtration rate from serum creatinine: a new prediction equation. Modification of diet in renal disease study 
group. Ann Intern Med 1999;130:461-470

29.	 Takaki H, Soga N, Kanda H, Nakatsuka A, Uraki J, Fujimori M, et al. Radiofrequency ablation versus radical 
nephrectomy: clinical outcomes for stage T1b renal cell carcinoma. Radiology 2014;270:292-299

30.	 Yang R, Lian H, Zhang G, Wang W, Gan W, Li X, et al. Laparoscopic radiofrequency ablation with intraoperative 
contrast-enhanced ultrasonography for T1bN0M0 renal tumors: initial functional and oncologic outcomes. J 
Endourol 2014;28:4-9

31.	 Chang X, Liu T, Zhang F, Ji C, Zhao X, Wang W, et al. Radiofrequency ablation versus partial nephrectomy for 
clinical T1a renal-cell carcinoma: long-term clinical and oncologic outcomes based on a propensity score 
analysis. J Endourol 2015;29:518-525

32.	 Thompson RH, Atwell T, Schmit G, Lohse CM, Kurup AN, Weisbrod A, et al. Comparison of partial nephrecto-
my and percutaneous ablation for cT1 renal masses. Eur Urol 2014;67:252-259

33.	 Huang WC, Levey AS, Serio AM, Snyder M, Vickers AJ, Raj GV, et al. Chronic kidney disease after nephrecto-
my in patients with renal cortical tumours: a retrospective cohort study. Lancet Oncol 2006;7:735-740

34.	 Lucas SM, Stern JM, Adibi M, Zeltser IS, Cadeddu JA, Raj GV. Renal function outcomes in patients treated for 
renal masses smaller than 4 cm by ablative and extirpative techniques. J Urol 2008;179:75-79; discussion 
79-80 

35.	 Gervais DA, McGovern FJ, Arellano RS, McDougal WS, Mueller PR. Radiofrequency ablation of renal cell car-
cinoma: part 1, Indications, results, and role in patient management over a 6-year period and ablation of 
100 tumors. AJR Am J Roentgenol 2005;185:64-71



jksronline.org330

Renal Function Following Renal RFA

신장 종양 고주파 절제술 이후 신장 기능 저하의 위험요소

박일철 · 윤성국* · 김동원

목적 본 연구는 신장종양 환자에서 시행한 고주파절제술 이후 신장 기능에 영향을 미치는 다

양한 요소들에 대한 평가를 통해서 이들의 상관관계와 임상적 가치를 평가하기 위한 것이다.

대상과 방법 2010년 1월부터 2018년 12월까지 본원에서 ultrasonography, CT 유도하에 고주

파절제술을 시행 받은 91명을 대상으로 선정하였다. 신기능을 평가하는 방법으로 시술 직전

과 시술 이후 혈청 크레아티닌, 사구체 여과율을 측정하였다. 시술 전과 비교하여 혈청 크레

아티닌 수치가 0.3 mg/dL 이상 증가하는 것을 유의미한 것으로 정하고, 이에 근거하여 두 그

룹으로 분류하였다. 신장 기능 손상에 영향을 미치는 요소를 평가하기 위해서 다변수 로지스

틱 회귀분석을 이용해서 그룹 간에 비교를 시행하였다. 

결과 단일 신장, 3단계 이상의 만성 콩팥병, 요관 손상은 신장 기능 손상에서 통계적으로 유

의한 의미가 있었다. 성별, 연령, 다른 암, 종양 크기, 위치, 성장 형태, 집합계와의 근접성 등

은 통계적으로 유의하지 않았다. 신장 기능 수치의 시간에 따른 변화는 단일 신장, 3단계 이

상의 만성 콩팥병, 요관 손상 유무에 따라서 통계적으로 유의하게 달랐다.

결론 고주파절제술 시행 전의 의학적 상태 중 단일 신장, 3단계 이상의 만성 콩팥병, 시술 이

후 발생한 합병증 중 요관 손상은 시술 이후 발생하는 신장 기능 손상의 위험요소로 생각할 

수 있다.
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