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Low-dose CT protocols for guiding radiofrequency ablation for the treatment

of small renal cell carcinomas

Byung Kwan Park

Department of Radiology, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Republic of Korea

ABSTRACT

Objective: Computed tomography (CT)-guided radiofrequency ablation (RFA) results in a high radiation
dose. This study aimed to assess low-dose CT protocols for guiding RFA and oncologic outcomes for
the treatment of small renal cell carcinoma (RCC).

Materials and methods: Between December 2011 and December 2014, CT-guided RFA was performed
in 31 patients with 31 biopsy-proven RCCs (median, 2.1 cm). RFA included planning, targeting, monitor-
ing and survey phases. The dose length product (DLP), CT dose index volume (CTDIvol), effective dose,
number of scans, scan range, tube current and exposure time of RFA phases were compared. The 3-
year recurrence-free survival rate was recorded. Nonparametric or parametric repeated-measures
ANOVA with Dunn'’s or Tukey—-Kramer multiple comparisons and Kaplan-Meier analysis were used for
statistical analysis.

Results: The median total DLP, CTDIvol and effective dose of CT-guided RFA procedures per session
were 1238.8 mGy (range 517.4-3391.7 mGy), 259.7 mGy (10.7-67.9 mGy) and 18.6 mSv (7.8-50.9 mSv),
respectively. The median DLP, CTDlIvol, effective dose, number of scans, tube current and exposure
time during the targeting phase were higher than those during the other phases (p < 0.001). The scan
range in the targeting phase was the same as that in the monitoring phase (p > 0.05) but smaller than
those in the planning and survey phases (p <0.001). The 3-year recurrence-free survival rate was
96.7%.

Conclusions: Low-dose CT protocols for guiding RFA may reduce radiation dose without compromis-
ing oncologic outcomes. Reducing the number of scans during the targeting phase contributes to
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dose reduction.

Introduction

Image-guided radiofrequency ablation (RFA) is a minimally
invasive therapy for the treatment of small renal cell carcin-
oma (RCC) in patients who are poor surgical candidates
[1-3]. Percutaneous RFA can be guided by various imaging
modalities, including ultrasonography (US) [4,5], computed
tomography (CT) [1-3] and magnetic resonance imaging
(MRI) [6,7]. Among these, CT is the most often used imaging
modality to guide RFA because it provides favourable image
resolution and because radiologists are familiar with the use
of CT for various interventional procedures. However,
repeated CT scans are required for lesion localisation, target-
ing, monitoring and survey phases [8]. Accordingly, a high
radiation dose is delivered to patients during RFA
procedures [9].

Several studies have reported on the radiation dose of CT-
guided RFA when treating renal tumours [10-12]. However,
to our knowledge, few studies have focussed on what CT
protocols should be used to reduce the high radiation dose
during CT-guided RFA procedures. We hypothesised that
low-dose CT protocols contribute to dose reduction while
preserving good oncologic outcomes. The purpose of this

study was to assess low-dose CT protocols guiding RFA and
oncologic outcomes for the treatment of small RCC.

Materials and methods

This retrospective study was approved by our institutional
review board, and the need for informed consent was
waived.

Patients

Patients included in the study had a single renal mass, histo-
logically proven RCC and underwent percutaneous RFA.
Forty-one patients with 41 RCCs who met these inclusion cri-
teria and who had undergone CT-guided RFA between
December 2011 and December 2014 were found in our data-
base. Of these 41 patients, 10 were excluded because their
CT scans did not contain detailed information on radiation
dose, that is only the overall dose information was available
and that for individual scans was missing. In total, 31 patients
(23 men and 8 women; age range, 34-80years; median,

CONTACT Byung Kwan Park @ rapark@skku.edu @ Department of Radiology, Samsung Medical Center, Sungkyunkwan University School of Medicine, 50

llwon-dong, Kangnam-ku, Seoul, 135-710, Republic of Korea
© 2017 Informa UK Limited, trading as Taylor & Francis Group


http://crossmark.crossref.org/dialog/?doi=10.1080/02656736.2017.1373408&domain=pdf
http://www.tandfonline.com

878 B. K. PARK

57 years) were included for analysis. The median body mass
index was 24.6 kg/m? (range 18.3-31.8 kg/m?).

Histologic diagnosis was obtained via percutaneous
biopsy. US- and CT-guided biopsies were performed in 29
and two patients on the same day as RFA, respectively. The
31 RCC subtypes consisted of 22 clear cell, 2 papillary, 1
chromophobe and 6 unclassified. The size of the tumour was
determined according to the maximum length measured on
axial, sagittal and coronal images of pre-RFA CT or MRI exam-
ination. The median RCC size was 2.1cm (range 1.2-3.9cm).
These tumours consisted of 15 exophytic and 16 endophytic
RCCs. These patients were all used as a part of study popula-
tion in Kim et al. [13]. CT scans were performed 1 month fol-
lowing RFA and every 6 months thereafter for the second
year. Between the third and fifth year, CT scans were per-
formed yearly.

CT-guided RFA procedures

Imaging of CT-guided RFA procedures was performed with a
64-channel multidetector CT scanner (Aquilion, Toshiba
Medical Systems, Otawara, Japan). The tube current was
modulated automatically (Sure Exposure 3 D, Toshiba Medical
Systems, Otawara, Japan) during all scans. CT parameters
were as follows: 120 kVp, 70 mAs (effective tube current) and
2mm slice thickness. All patients were positioned prone and
placed under general anaesthesia by an attending anaes-
thesiologist. A single radiologist performed all RFA proce-
dures consisting of four phases: planning, targeting,
monitoring and survey [8].

During the planning phase, unenhanced and contrast-
enhanced CT scans were performed in 28 patients to visual-
ise a tumour and neighbouring organs (Figure 1(A)). The skin
entry site, insertion angle of electrode and tumour depth
were determined during the planning phase. Three patients
did not undergo contrast-enhanced CT due to chronic kidney
disease or an extremely exophytic RCC.

During the targeting phase, unenhanced CT scans were
repeatedly performed to place an electrode (Proteus RF
Electrode, STARmed, Goyang, Korea) within the tumour
(Figure 1(B)). CT fluoroscopy was not performed, but an elec-
trode was gradually advanced until an appropriate RCC
region was targeted. CT-guided biopsy was performed in two
patients prior to RFA procedures, while hydrodissection was
performed in two patients after lesion targeting using a sin-
gle electrode [14,15]. The median number of electrode repos-
ition was two (range 0-9) to completely ablate 5mm or
more of the tumour margin as well as the tumour [16].

During the monitoring phase, unenhanced CT scans were
performed to determine any heat injury to neighbouring
organs and if the ablation area was adequate to cover the
tumour and tumour margin (Figure 1(C)). The targeting and
monitoring phases were repeated immediately after each
electrode repositioning.

During the survey phase, an unenhanced CT scan was per-
formed to confirm complete ablation of the tumour and
tumour margin and to identify any complications that had not
been detected during the monitoring phase (Figure 1(D)).

An electrode for RFA was internally cooled with pump-circu-
lated saline. The length of the noninsulated electrode was
controlled every 0.5cm (range 0.5-3cm) (Figure 2). A gener-
ator (STARmed) was used to monitor tissue impedance and
automatically adjust the maximum energy delivered. RFA was
performed using only a single electrode. Generator power
was kept running at 50W for the first 30s and gradually
increased to 150-180W thereafter until the electrical power
peaked and then dropped to OW.

Data analysis

The effective dose was estimated by multiplying the dose
length product (DLP) by a normalised conversion factor for
the abdomen (0.015 mSv/mGy-cm) [8]. The effective dose of
each RFA phase was calculated by adding the effective doses
for each scan performed during the corresponding phase.
Meanwhile, the total effective dose of CT-guided RFA proce-
dures was calculated by adding the effective doses of each
RFA phases, which were then compared to determine which
phase contributed most to the radiation dose. CT dose index
volume (CTDlvol) and DLP were also obtained for comparison
between RFA phases.

The number of scans, scan range, tube current and expos-
ure time of CT-guided RFA procedures per session were
recorded. These variables were also obtained from each RFA
phase for comparison. Subset analysis was performed in
terms of tumour size and location in order to assess the
effect of radiation dose. Local tumour progression, primary
effectiveness, distant metastasis, 3-year recurrence-free sur-
vival rate and complications were recorded to evaluate onco-
logic outcomes.

Statistical analysis

A nonparametric repeated-measures ANOVA (Freidman test)
was used to compare CTDlvol, scan ranges, total mAs and
exposure times in RFA phases because these data did not fol-
low Gaussian distribution. Dunn’s multiple comparisons were
the post-test used to compare all pairs of columns if a p
value was less than 0.05.

Meanwhile, a parametric repeated-measures ANOVA was
used to compare DLP, effective dose and scan range because
these data followed Gaussian distribution. Tukey—-Kramer mul-
tiple comparisons were used to compare all pairs of columns
only if a p value was less than 0.05.

Unpaired t-test was used to compare radiation doses in
terms of tumour size and location. RCCs were divided into
two groups according to tumour size: 2cm or less RCCs and
more than 2cm RCCs. RCCs were also divided into two
groups according to tumour location: exophytic RCCs and
endophytic RCCs. Radiation doses were not compared in
terms of biopsy and hydrodissection because both CT-guided
procedures were performed in two cases alone.

Kaplan-Meier analysis was used to calculate and compare
the 3-year recurrence-free survival rate. Statistical analysis
was performed with commercially available software
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Figure 1. Low-dose CT protocols for guiding RFA in a 34-year-old man. (A) Contrast-enhanced axial CT image in the planning phase shows the location, size and
number of RCC (white solid arrow) before lesion targeting. A white blank arrow indicates a grid for localising a tumour. (B) Unenhanced axial CT image in the tar-
geting phase shows the direction and location of an electrode (black arrow) that is placed within the tumour. (C) Unenhanced axial CT image for monitoring phase
shows the ablation area (arrowheads). No complication occurred following each ablation cycle. A black arrow indicates an electrode. (D) Unenhanced axial CT image
for survey phase shows that the tumour size (white solid arrow) and tumour margin (arrowheads) are markedly shrunken. Overall CT image quality shown in (A-D)
is not good but acceptable for RFA procedures. (E) Contrast-enhanced axial CT image, which is obtained 51 months after RFA, shows no local tumour progression
but a post-ablation scar tissue (white solid arrow).
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(SAS version 9.4, SAS Institute, Cary, NC). A two-sided p value
less than 0.05 was considered statistically significant.

Results

The median total DLP of CT-guided RFA per session was
1238.8 mGym (range 517.4-3391.7 mGym). The median DLP
of the targeting phase (548.4 mGym) was higher than those
of the other phases (148.0-296.0 mGym) (p < 0.001) (Table 1).
The median total CTDIvol of CT-guided RFA per session was
259.7 mGy (range 88.0-714.5 mGy). The median CTDIvol
(165.6 mGy) of the targeting phase was higher than those of
the other phases (10.7-67.9 mGy) (p <0.001) (Table 1). The
median total effective dose of CT-guided RFA per a session
was 18.6 mSv (range 7.8-50.9 mSv). The median effective
dose of the targeting phase (8.2 mSv) was higher than those
of the other phases (2.2-4.4 mSv) (p < 0.001) (Table 1).

Q.
Q
%

' -
Figure 2. A photograph of the Proteus RF Electrode. The length of noninsu-

lated electrode (arrowhead) is controlled from 0.5 to 3 c¢m in the handle (arrow).

Table 1. CTDIvol, DLP and effective dose of each RFA phase per session.

The median of the total number of scans of CT-guided
RFA per session was 22 (range 13-67). The median number
of scans of the targeting phase (14) was greater than those
of the other phases (1-5) (p <0.001) (Table 2). The median
total scan range of CT-guided RFA per session was 10.3cm
(range 4.1-12.9cm). The median scan range of the targeting
phase (3.3cm) was not different from that of the monitoring
phase (3.3cm) (p > 0.05), while it was shorter than those of
the planning and post-survey phases (13.9-20.6cm)
(p<0.001) (Table 2). The median total tube current of CT-
guided RFA per session was 8973 mAs (range 5016-28725
mAs). The median tube current of the targeting phase was
4320 mAs, which was higher than those of the other phases
(886-1800 mAs) (p < 0.001). The median total exposure time
of CT-guided RFA per session was 96.9s (range 59.7-287.25s).
The median exposure time of the targeting phase was 54.0,
which was higher than those of the other phases (9.5-20.2s)
(p < 0.001) (Table 2).

The effective dose for 2cm or less RCCs was 17.2 mSy,
which was lower than that for more than 2cm RCCs at 24.6
mSv (p =0.0322) (Table 3). The effective dose for exophytic
RCCs at 19.0 mSv was not significantly different from that for
endophytic RCCs at 23.5 mSv (p =0.1998).

The median follow-up period was 31.4months (range
4-51 months). Local tumour progression was 0% (0/31), and
primary effectiveness was 100% (31/31) (Figure 1(E)).
However, lymph node metastasis was detected in one
patient. The 3-year recurrence-free survival rate was 96.7%.
Only one minor complication occurred in which one patient
had a perirenal haematoma that did not require transfusion.
No major complications developed during or following the
RFA procedures.

Discussion

Our results showed that the effective dose of CT protocols to
guide RFA was relatively low. The dose was the highest dur-
ing lesion targeting because the number of scans was the
highest during that phase. The 3-year recurrence-free survival
rate was good even when low-dose CT protocols were used.
The targeting phase requires more scans compared with
other phases because an electrode must be accurately placed
within a tumour for adequate treatment. Accurate electrode
positioning and repositioning are essential, which increase
the number of necessary scans. Park et al. reported that the
number of scans was the most significant factor that
increased the radiation dose [8]. Accordingly, CTDIvol, DLP,
tube current and exposure time are highest during the

RFA phases
Radiation dose of CT parameters Planning Targeting Monitoring Survey p value
DLP (mGycm) 296.1 (133.4-588.7) 548.4 (183.6-2406.9) 224.0 (81.6-1170.1) 148.0 (37.6-232.5) <0.0001
CTDI volume (mGy) 13.6 (6.4-31.4) 165.6 (49.5-634.4) 67.9 (22.0-345.0) 10.7 (5.5-13.8) <0.0001
Effective dose (mSv) 4.4 (2.0-8.8) 8.2 (2.8-36.1) 3.4 (1.2-17.6) 2.2 (0.6-3.5) <0.0001

Data are presented as median (range).
CTDI: CT dose index; DLP: dose length product.
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RFA phases

CT parameters Planning Targeting Monitoring Post-survey p value
Number of scans 2 (1-3) 14 (6-59) 5 (3-25) 1(1-1) <0.0001
Scan range (cm) 20.6 (6.4-25.2) 3.3 (3.3-5.0) 3.3 (2.0-4.6) 13.9 (3.3-22.3) <0.0001
Total tube current (mAs) 886 (331-1768) 4320 (1863-24721) 1800 (801-9218) 1380 (445-1833) <0.0001
Exposure time (sec) 9.5 (4.1-25.3) 54.0 (21.6-245.6) 20.2 (10.8-92.2) 14.7 (3.6-19.3) <0.0001
Data are presented as median (range).

Table 3. Subset analysis in terms of RCC size and location. with  CT-guided nonablation procedures (1343 +1054

Subset analysis Effective dose (mSv) p value
RCC size (n=31)
<2cm (n=14) 17.2+5.3 (7.8-25.5) 0.0322
>2cam (n=17) 24.6+11.3 (11.8-50.9)
RCC location (n=31)
Exophytic (n=15) 19.0+£8.5 (11.8-45.8) 0.1998

Endophytic (n=16) 23.5+10.5 (7.8-50.9)

Data are presented as mean + standard deviation (range).

targeting phase. We tried to minimise the scan range during
the targeting phase, which helped to reduce the radiation
dose.

The radiation dose in our study was lower than that in
other studies examining CT-guided ablation therapies, even
though CT fluoroscopy was not used during the targeting
phase [8-12,17]. CT fluoroscopy is useful for lesion targeting
but may not contribute to a reduction in radiation dose
[8,18]. We advanced an electrode in increments to a target
lesion, and repeat CT scans were performed to determine
whether the electrode was properly placed after each reposi-
tioning. This targeting technique increased the number of
scans, but the radiation dose was smaller than that from
using CT fluoroscopy.

Our low-dose CT protocols adopted a minimised scan
range and used a low effective tube current (70 mAs), which
can degrade CT image quality due to increased noise. Poor
oncologic outcomes would negate the benefits of decreased
radiation dose, but our study achieved a good 3-year recur-
rence-free survival rate. Intravenous injection of contrast
material may contribute to an extended capability to visual-
ise a tumour more clearly and enables easy identification of
the ablation area during targeting and monitoring. Moreover,
contrast enhancement increased the capability to detect and
identify endophytic RCCs, which accounted for more than
half of all tumours in our study. Previous studies that exam-
ined the radiation dose of cryoablation or RFA have not
reported the oncologic outcomes of the procedure [9-12].

Our study showed that the effective dose is the highest
during the targeting phase; thus, the number of scans during
this phase should be minimised. Appropriate electrode posi-
tioning is essential to achieve complete ablation and avoid
major complications. Repeat CT scans are often performed to
determine the position of an electrode when locating a
tumour, increasing the radiation dose. As such, many guiding
techniques that use US combinations, image fusion or navi-
gation have been developed to minimise the number of
scans necessary for targeting [19,20]. Penzkofer et al.
reported that the DLP with electromagnetic tracking naviga-
tion (732+481 mGycm) was significantly lower than that

mGycm) [21]. CT fluoroscopic guidance incurs a high dose
despite a reduced number of targeting scans, and it deliv-
ered a dose of 3.9 mGy to the interventional radiologists
[18]. Minimising the number of scans will be important for
reducing the radiation dose if a narrow scan range and low
tube current are used for RFA.

The median effective dose in our study was 18.6 mSy,
which seems to be much lower than that of previous reports
(31.5 mSv) [9-12]. Park et al. [8] reported that the effective
dose of a single-phase contrast-enhanced abdomen and pel-
vis CT is 8 mSv. Tsalafoutas et al. [9] reported that those of
nonfluoroscopic CT-guided biopsy, abscess drainage and
nephrostomy are 23 mSv, 16.2 mSv and 11.5 mSv, respect-
ively. Nawfel et al. [22] reported that the mean effective dose
of CT urography was 14.8 mSv without using iterative recon-
struction. Therefore, the effective dose of our low-dose CT
protocols guiding RFA is only slightly higher or slightly lower
than those of diagnostic and nonablative interventional CT
scans. The radiation dose of CT scans following RFA must be
considered. The radiation dose in many follow-up CT scans
performed may influence life expectancy [11]. Further investi-
gation is necessary to assess how often follow-up CT should
be performed.

Increasing tumour size indicates increasing ablation area
due to a high number of tumour cells [16]. Our results
showed that patients with tumours greater than 2cm were
exposed to higher radiation dose than those with tumours
2cm or less. Exophytic RCC has smaller tumour margin vol-
ume than the same-sized endophytic RCC [16]. Subsequently,
the effective radiation dose for endophytic RCCs is likely to
be higher than those for exophytic RCCs. However, our
results did not show a significant difference between exo-
phytic and endophytic RCCs in terms of effective radiation
dose even if the mean effective doses for endophytic RCCs
were higher than those for exophytic RCCs. This result might
be because of the small number of cases compared in the
present study.

Recently, low-dose CT protocols have been used in clinical
practice to improve probe visualisation during targeting
scans. Other than the first planning scan to visualise the
lesion, low-dose CT for subsequent scans is useful for probe
visualisation.

Our study had some limitations. First, the estimated effect-
ive dose was used to calculate the radiation dose; the actual
dose delivered to the patient’s skin or internal organs was not
measured. Age, gender and specific organ-weighted radiosensi-
tivity were also not considered in the current study. The DLP-
to-effective dose conversion factor was 0.015 mSv/mGy-cm
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in the present study [8], while it may range from 0.016 to
0.018 [23]. Second, general anaesthesia was used to control
patient pain, while many investigators have used conscious
sedation during percutaneous RFA [1,24-26]. However, their
recurrence-free survival rates are not as high as in our study,
even when differences in the follow-up period are consid-
ered. Future studies should investigate how general anaes-
thesia influences radiation dose and oncologic outcome.
Third, the number of patients that underwent CT-guided RFA
was relatively small. Fourth, the median body mass indices of
the study population were within normal range; an increased
number of overweight or obese patients would also require
increased radiation dose. Fifth, the follow-up period for
evaluation of oncologic outcomes was relatively short.
Finally, our study used a retrospective design.

In conclusion, low-dose CT protocols for guiding RFA may
reduce radiation dose administered to patients while preserv-
ing good oncologic outcomes. The effective dose is higher
during the targeting phase than during the planning, moni-
toring or survey phases because the number of scans is the
highest for lesion targeting. Therefore, decreasing the num-
ber of scans decreases the dose. To decrease the radiation
dose, minimising the number of scans is necessary unless it
compromises the survival rate of the patients.
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