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Background: Percutaneous destructions of tumor lesions by ablation (microwave, radiofrequency or 
cryoablation) under computed tomography (CT) guidance allow high efficiency with minimally-invasive 
techniques, and acute needle placement and follow-up during procedure. This study investigated the impact 
of patient and technique parameters on the dose delivered during these procedures under CT guidance. 
Methods: Data were extracted from a previous nationwide retrospective study. Patients who underwent 
percutaneous destruction of bone lesions, abdominal and lung tumors were included. Univariate and 
multivariate linear regression of the dose length product (DLP) log were performed, according to patient’s 
gender, age, lesion location, destruction technique, adjusted to the participating center. 
Results: A total of 822 patients (556 men), of mean age 62±14 years, were included: 150 patients had bone 
lesions, 463 abdominal and 209 thoracic tumors. The mean DLP was 991.6±979.0 mGy·cm for patients with 
bone lesions, 2,130.7±2,051.8 mGy∙cm for abdominal tumors and 825.2±545.4 mGy·cm for lung tumors. In 
multivariate analysis, the age was significantly associated with higher DLP for bone (P=0.0082) but not for 
abdominal and thoracic lesions; the DLP was significantly higher in men for abdominal tumors (P<0.0001) 
while sex had no impact on the dose for bone and thoracic lesions. The dose depended on the lesion location 
only for bone (P<0.0001) percutaneous destructions. The technique was not correlated to DLP for all 
lesions.
Conclusions: Patient and tumor characteristics such as sex, age and lesion location impacted on the dose 
delivered during percutaneous destructions of bone, abdominal and thoracic lesions, but not the destruction 
technique used. Further studies are needed to propose sharper reference dose levels. 
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Introduction

The number of percutaneous destruction procedures has 
greatly increased these last 25 years, with more and more 
arguments in favor of their interest and effectiveness (1).  
Percutaneous tumor destruction plays a key role in the 
management of benign and malignant tumors (2-5). These 
ablation techniques, mainly radiofrequency ablation 
(RFA), microwave ablation (MWA) and cryoablation, allow 
treatment of high efficiency and are often associated with 
less comorbidities than conventional surgery (6). In addition, 
imaging guidance offers the possibility to achieve minimally 
invasive approaches, allowing acute needle placement, and 
follow-up during the whole procedure. Ultrasound guidance 
is usually sufficient for superficial lesions, but deeper or 
complex procedures often require CT guidance. Its field 
has therefore been widened these last years, mainly used for 
liver, kidney, lung and bone lesions (2-5). However, while 
CT guidance demonstrates many advantages, dose delivered 
during these procedures is consequent (7-9). Especially, 
among most commonly performed categories of CT guided 
procedures, which include procedures for pain (infiltration, 
vertebroplasty, and screw fixation), oncology (percutaneous 
biopsy or percutaneous tumor destruction), or infection 
(drainage), percutaneous destruction appears to deliver the 
highest doses to the patient (7).

As CT-guided percutaneous destructions are now 
performed more often, especially with curative intent (6), 
efficiency of these procedures induces longer life expectancy 
with the drawback of these high doses: this could expose to 
a risk of secondary radiation-induced cancer (10). 

In this study, based on a previous nation-wide study (7), 
we investigated parameters that may be associated with an 
increased delivered dose during CT-guided percutaneous 
destructions procedures.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/qims-21-744).

Methods

Study design and patients

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Institutional Review Board of 
Nîmes University Hospital (No. 19.01.03) and informed 
consent for this retrospective analysis was waived. The 
present study was based on a previous multicenter nation-

wide retrospective study conducted in 2019 by our 
team to propose the national reference levels of main 
interventional procedures under CT guidance (7). Here we 
performed extraction of data from patients who underwent 
percutaneous destruction of bone lesions, abdominal tumors 
or lung tumors between the 8th August, 2017 and the 31st 
July, 2019. Patients who underwent percutaneous alcohol 
destruction were excluded from the analysis.

Data extracted

For all patients, gender, age, anatomical location of the 
lesion, ablation technique used (RFA or MWA, cryotherapy 
or laser) and total dose length product (DLP) were 
extracted from the data of the previous study. The patients 
were divided into 3 subgroups according to the general 
location of the lesion (bone, thorax, abdomen-pelvis). 
Patients with bone lesions were classified in 8 categories: 
4 for the lesions of the axial skeleton [spine (cervical and/
or thoracic and/or lumbar); shoulder girdle, pelvis and ribs] 
and 4 for lesions of the appendicular skeleton (hand, upper 
limb except hand, foot, lower limber except foot). Patients 
with abdominal tumors were divided in 3 categories: liver 
tumors, kidney tumors and other abdominal locations 
(including adrenal, colon, retroperitoneum, peritoneum, 
abdominal wall and psoas). Thoracic lesions were grouped 
in the lung category.

Statistical analysis

We analyzed the impact of the patient’s gender or age, the 
anatomical location of the lesion and the technique used 
on the total DLP in percutaneous destructions under CT 
guidance. 

Statistical analysis was performed using SAS 9.4® (2017, 
SAS Institute Inc., Cary, NC, USA) software. Because 
the DLP variable did not show a Gaussian distribution, 
a logarithmic transformation was used for analysis. 
Univariate and multivariate linear regressions of the DLP 
Log were performed, according to gender, age, anatomical 
location of the lesion, destruction technique used and 
number of helical acquisitions with adjustment to the 
inclusion center. For each population subgroup, the age 
variable was divided into three classes (thirds). A P value 
of the regression model was attached to the corresponding 
log (DLP). Significance was set at P<0.05. DLP estimated 
means, with their 95% confidence interval (95% CI) are 
presented after reverse transformation of the log DLP 
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estimates.

Results

Patients

From the 5,001 patients of 49 centers of the previous 
study, 824 (in 32 centers) underwent tumor percutaneous 
destruction (Figure 1). Two patients were excluded because 
destruction was performed by alcoholization. A total of 822 
patients, 266 women and 556 men, were included in the 
study, of mean age 62±14 years old. Among them, 150 had 
bone lesions (62 women, 88 men, mean age 40±18 years, 
9 centers), 463 abdominal tumors (120 women, 343 men, 
mean age 67±12 years, 25 centers) and 209 had thoracic 
tumors (84 women and 125 men, mean age 66±12 years, 
11 centers). Overall, 699 patients (85.0%) were treated for 
one lesion, 91 patients (11.1%) treated for 2 lesions and 32 
patients (3.9%) treated for 3 or more lesions. 

Dose

The mean total DLP was 991.6±979.0 mGy·cm for patients 
with bone lesions, 2,130.7±2,051.8 mGy·cm for patients 
with abdominal tumors and 825.2±545.4 mGy·cm for 
patients with lung tumors (Table 1). The mean total DLP for 
patients with one lesion treated was 1,509±1,619 mGy·cm, 
it was 2,103±2,280 mGy·cm for patients with two lesions 
and 1,899±2,034 mGy·cm for patients treated for 3 or more 
lesions (Table S1). The total DLPs obtained in univariate 
analysis according to gender, age and technique used are 
presented in Figure 2 for patients with bone lesions, and in 
Figures 3,4 for patients with abdominal and thoracic tumors, 
respectively. 

Multivariate analyses

The multivariate analysis of the total DLP adjusted on 
gender, age, lesion location, technique used and number of 

Figure 1 Flowchart of the study. 

Initial study 
5,001 patients, 49 centers

January to September 2019

824 patients included,
32 centers

822 patients included for 
percutaneous destruction

• 150 bone lesions;
• 463 abdominal tumors;
• 209 thoracic tumors

4,177 patients excluded
Other procedures than 

percutaneous destructions

2 patients excluded 
Technique of destruction: 

alcoholization

Table 1 Distribution of dose length product values

Percutaneous destruction of N
Dose length product (mGy·cm)

Minimum Q1 Median Q3 Maximum Average SD

Bone lesions 150 52 339.0 637.1 1,316.3 6,142.0 991.6 979.0

Abdominal tumors 463 112 1,012.8 1,545.4 2,479.0 16,455.0 2,130.7 2,051.8

Thoracic tumors 209 75 437.0 687.7 1,112.2 3,157.1 825.2 545.4

Q1, first quartile; Q3, third quartile; N, number of patients; SD, standard deviation.

https://cdn.amegroups.cn/static/public/QIMS-21-744-supplementary.pdf
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Figure 2 Boxplot of total dose length product as function of patient’s age, sex, anatomical location or technique used for bone lesions 
percutaneous destructions. DLP, dose length product; y, years; LL, lower limb (except foot); UL, upper limb (except hand); RFA, 
radiofrequency ablation.

Figure 3 Boxplot of total dose length product as function of patient’s age, sex, anatomical location or technique used for percutaneous 
destructions of abdominal lesions. DLP, dose length product; y, years; MWA, microwave ablation; RFA, radiofrequency ablation.
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Figure 4 Boxplot of total dose length product as function of patient’s age, sex, anatomical location or technique used for percutaneous 
destructions of thoracic lesions. DLP, dose length product; y, years; MWA, microwave ablation; RFA, radiofrequency ablation.
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helical acquisitions is presented for percutaneous destructions 
of bone, abdominal and thoracic lesions in Tables 2-4.

Percutaneous destruction of bone lesions
The doses were not significantly different between men and 
women and according to the technique (Table 2). A statistical 
difference was found for doses according to the patient’s 
age [526.4 (95% CI: 333.4–831.2) mGy·cm for patients  
<25 years old to 794.9 (95% CI: 502.7–1,256.9) mGy·cm for 
patients ≥46 years old; P=0.0082] and location of the lesion 
[253.8 (95% CI: 155.4–414.3) mGy·cm for feet to 1,015.4 
(95% CI: 620.5–1,661.6) mGy·cm for spine, P<0.0001]. 

Percutaneous destruction of abdominal tumors
No significant differences of the doses were found according 
to the patient’s age, the tumor location or the technique 
(Table 3). The patient’s gender was found a significant 
parameter (P<0.0001), with doses lower for women [1,309.3 
(95% CI: 1,019.5–1,681.5) mGy·cm] than for men [1,598.7 
(95% CI: 1,254.3–2,037.6) mGy·cm].

Percutaneous destruction of thoracic tumors
None of the variables included in multivariate analysis, age, 

gender and technique, was found significant (Table 4).

Discussion

This study showed that the dose delivered to the patient 
depended of the patient’s age and the lesion location for the 
destruction of bone lesions, and of the gender for abdominal 
lesions. The technique used had no impact on the dose after 
adjustment whatever the organ involved. 

This study is, to our knowledge, the first national 
multicenter study to investigate on 822 patients the 
impact of patient’s age, gender, and lesion location in the 
percutaneous destruction of bone, thoracic and abdominal 
lesions, performed using the three major techniques. Only 
few monocentric studies have evaluated factors that may 
impact the dose delivered during abdominal percutaneous 
destructions. McCathy et al. showed in 245 patients 
an increase of the dose delivered during percutaneous 
hepatic ablation under CT guidance by RFA, MWA and 
electroporation, correlated with weight, intravenous 
injection of contrast product, hydrodissection during the 
procedure and multiple lesions (11). Two other monocentric 
single-organ and single-technique studies evaluated the 
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Table 2 Percutaneous destruction of bone lesions

Variables Modality N (%)
Estimate DLP delivered after multiparry adjustment 

(95% CI) (mGy·cm)
P value

Age (years) <25 47 (31.3) 526.4 (333.4–831.2) 0.0082

≥25, <46 49 (32.7) 589.0 (374.9–925.2)

≥46 54 (36.0) 794.9 (502.7–1,256.9)

Location Pelvis 28 (18.7) 858.6 (529.1–1,393.2) <0.0001

Shoulder girdle 4 (2.7) 791.8 (393.5–1,593.4)

Hand 9 (6.0) 469.1 (271.8–809.6)

Lower limb (except foot) 51 (34.0) 557.6 (355.0–876.0)

Upper limb (except hand) 16 (10.7) 657.7 (402.0–1,076.2)

Foot 15 (10.0) 253.8 (155.4–414.3)

Spine 21 (14.0) 1,015.4 (620.5–1,661.6)

 Sternocostal 6 (4.0) 792.2 (427.6–1,467.7)  

Gender Women 62 (41.3) 653.9 (417.1–1,025.2) 0.3736

 Men 88 (58.7) 601.2 (384.7–939.5)  

Technique Cryotherapy 36 (24.0) 922.8 (555.0–1,534.6) 0.1864

Laser 19 (12.7) 460.6 (156.8–1,353.2)

RFA 95 (63.3) 579.8 (384.6–874.1)  

DLP, dose length product; CI, confidence interval; RFA, radiofrequency ablation.

Table 3 Percutaneous destruction of abdominal tumors

Variables Modality N (%)
Estimate DLP delivered after multiparry adjustment 

(95% CI) (mGy·cm)
P value

Age (years) <65 152 (32.8) 1,354.2 (1,055.8–1,736.9) 0.1218

≥65, <73 144 (31.1) 1,489.7 (1,160.5–1,912.3)

≥73 167 (36.1) 1,501.0 (1,170.8–1,924.4)

Location Liver 233 (50.3) 1,490.6 (1,162.4–1,911.5) 0.9000

 Kidney 205 (44.3) 1,452.0 (1,137.8–1,852.9)  

Other abdominal locations 25 (5.4) 1,399.1 (993.2–1,970.9)

Gender Women 120 (25.9) 1,309.3 (1,019.5–1,681.5) <0.0001

 Men 343 (74.1) 1,598.7 (1,254.3–2,037.6)  

Technique Cryotherapy 71 (15.3) 1,404.7 (1,067.0–1,849.3) 0.5967

MWA 68 (14.7) 1,423.6 (1,073.4–1,888.2)

RFA 324 (70.0) 1,514.2 (1,187.0–1,931.7)  

DLP, dose length product; CI, confidence interval; MWA, microwave ablation; RFA, radiofrequency ablation.
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Table 4 Percutaneous destruction of thoracic tumors

Variables Modality N (%)
Estimate DLP delivered after multiparry adjustment 

(95% CI) (mGy·cm)
P value

Age <62 62 (29.7) 619.5 (448.7–855.5) 0.8273

≥62, <71 72 (34.4) 642.3 (465.5–886.2)

≥71 75 (35.9) 612.4 (444.6–843.5)

Location Lung 209 (100.0) 624.6 (457.9–852.1) –

Gender Women 84 (40.2) 592.9 (432.6–812.7) 0.1385

 Men 125 (59.8) 658.0 (479.0–903.7)  

Technique Cryotherapy 40 (19.1) 767.9 (541.0–1,090.1) 0.1418

MWA 9 (4.3) 482.5 (305.2–762.7)

RFA 160 (76.6) 657.7 (487.7–886.9)  

DLP, dose length product; CI, confidence interval; MWA, microwave ablation; RFA, radiofrequency ablation.

technical parameters correlated to the dose in cryotherapy 
percutaneous destruction in 97 patients with kidney  
lesions (12) and in 18 patients with liver lesions (13) but 
patient characteristics (age, gender, weight, etc.) were not 
taken into account.

We found that the dose delivered was significantly 
different according to the patient’s gender for abdominal 
lesions, but not for bone and thoracic lesions. The 
morphotype at the abdominal level may be the reason; 
indeed, men show a larger corpulence than women and 
a different androgenic fat distribution, requiring a X-ray 
beam hardening by increasing kVp and mAs (14-16). The 
bones and the thorax, although in general discretely thicker 
in terms of diameter in men, are finally of fairly close tissue 
composition between men and women and do not present 
any notable difference in distribution unlike the abdomen. 
Moreover, the presence of the breasts on the thorax could 
compensate for the discretely higher thoracic thickness of 
the rest of the thorax in men. This could explain why there 
is no difference, the gestures being technically similar. 

Patient’s age was found significantly correlated to the 
dose for bone lesions, but not for abdominal and thoracic 
lesions. Regarding bone location, the result is significant 
but the age ranges with a first tiercile up to 25 years and a 
third tiercile from 46 years attest of a probable confounding 
factor consisting in the type of tumor treated. Indeed, bone 
tumors treated by percutaneous destruction in young people 
are mainly osteoid osteomas, whereas in older people these 
are more frequently metastases (17,18). Considering that 
fact, one may be aware that osteoid osteomas may require 
lower CT scan controls: only one needle placement might 

be effective because of their infra-centimetric size.
About the lesion location, it only impacted the dose 

received for bone lesions. The dose is indeed strongly 
associated with the patient thickness and attenuation as 
function of the anatomical location. The doses received for 
the feet and hands are 2 to 3 times lower than for the spine or 
pelvic girdle. Also, procedures with deeper pathways are often 
more complex and may thus require more iterative controls 
generating a higher dose delivered to the patient. For the 
abdominal location, the majority of procedures concerned 
the liver and kidneys. The patient thickness and attenuation 
in these regions are quite close and therefore the acquisition 
parameters used are quite similar. This could explain the 
absence of difference observed on the abdominal localizations.

Last, regarding the technique used, it had no impact on 
the dose delivered after analysis weighted with age, sex, 
location and number of helical acquisitions. For MWA and 
RFA, our results are consistent with a previous study in 
percutaneous liver ablations (11). Our recovered doses for 
these two techniques remain quite close to those found in 
other studies (11,19,20). Regarding cryoablation, it seems to 
deliver higher doses than the other techniques. Two studies 
of the dose received during percutaneous CT-guided liver 
tumor ablation procedures showed almost twice or up to 
3 times higher dose delivered with cryoablation compared 
to RFA procedures (13,19). This was explained in two 
studies by a generally higher number of needles required in 
cryoablation procedures than in RFA or MW as to generate 
sufficient ice balls and because of the repetitive checks of the 
ice ball sizes (12,21). Our results in univariate analysis are 
consistent with these data, but our study showed no impact 
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of the technique on the dose after weighting for age, sex, 
location and number of helical acquisitions. This may be 
due to the fact that the doses in our study are much lower 
than those published for cryoablation in the literature, 
about 2 to 8 times lower. The mean DLP was 1295 mGy·cm 
in our study, lower than other DLPs previously published in 
studies with a limited number of patients (42 to 50 patients 
versus 147 in our study) (12,13,19). Our results could be 
explained by the optimization of the practices and the use 
of more recent scanners thus less irradiating compared to 
the previous studies conducted between 2011 and 2015. 
Studies have already shown that protocols can greatly 
reduce the radiation doses by decreasing the tube current 
and kilovoltage, reducing the number of monitoring scans 
or using CT fluoroscopy during the targeting phase to limit 
the number of helical CT scans acquired (12,21).

Our study has some limitations. The main limitation, also 
reported in other previously published studies (22,23), was 
that the body mass index (BMI) was not collected. Indeed, 
as weight and height impact the DLP in interventional 
radiology (15), systematic record of BMI would be 
interesting to add in future studies. It would also have been 
interesting to collect more detailed data on tumor type 
(metastasis or primary tumor) and size, which may impact on 
the length of procedure and the dose administered. It would 
also have been interesting to know the number of needles 
used during the procedures. Finally, ablation techniques 
are not homogenous among all participating centers, which 
may have induced bias in the study. A maximum number of 
patients per center was defined in order to avoid a particular 
center having too much weight in the sample and we made 
an adjustment to the inclusion center but it was not feasible 
for the percutaneous bone destruction analysis as the 
number of patients per center was too low.

Conclusions

Our study showed that the dose delivered to the patient 
during percutaneous destructions depended on age 
and lesion location for bone lesions, and on gender for 
abdominal lesions. The technique used was not found 
significant in multivariate analysis, for all organs involved. 
Further studies would be needed to propose sharper 
reference dose levels. 
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Supplementary

Table S1 Dose length product values according to the number of lesions treated

Percutaneous destruction of Number of lesions treated N DLP (mGy.cm)

Bone lesions 1 143 973±982 (52–6,142)

2 5 1,021±777 (356–2,244)

3 2 2,257±416 (1,963–2,551)

Abdominal tumours 1 386 2,028±1,915 (112–16,455)

2 60 2,645±2,619 (409–14,145)

3 14 2,753±2,720 (821–10,476)

4 1 1,098

5 1 1,484

6 1 1,976.4

Pulmonary tumours 1 170 775±493 (75–2,810)

2 26 1,062±609 (148–2,564)

3 10 1,013±835 (295–3,157)

4 3 1,009±1,215 (237–2,410)

All tumours 1 699 1,509±1,619 (52–16,455)

2 91 2,103±2,280 (148–14,145)

3 26 2,046±2,194 (295–10,476)

4 4 1,032±993 (237–2,410)

5 1 1,484

6 1 1,976


