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Introduction 

 

Le cancer colorectal et le cancer primitif du foie figurent parmi les cinq cancers les plus meurtriers 

dans le monde en 2020(1). Le carcinome hépatocellulaire (CHC) représente 90 % des cancers 

primitifs du foie(2). Près de 35 à 55 % des patients atteints de cancer colorectal développeront 

des métastases hépatiques au cours de la maladie(3,4). 

 

Dans ce contexte et avec les progrès technologiques, les indications de la thermoablation 

percutanée guidée par imagerie se sont largement étendues. La thermoablation percutanée, 

utilisant la radiofréquence (RFA) ou les micro-ondes (MWA), est devenue une technique de choix 

pour les patients atteints de CHC au stade précoce, en tant que thérapie de première ligne, même 

chez les patients éligibles à la chirurgie (2,5). Les indications se sont étendues à différents stades 

de la maladie en fonction de critères de taille, de localisation, de paramètres techniques et de 

critères propres aux patients. 

 

Les indications reconnues de la thermoablation percutanée dans les métastases de cancer 

colorectal (CRLMs) sont beaucoup plus nombreuses à présent (5,6). Elle peut également être une 

alternative pour le cholangiocarcinome, les tumeurs neuroendocrines ou les métastases d'autres 

primitifs dans une approche personnalisée ou comme alternative à la thérapie systémique dans 

la maladie oligo-métastatique (5). 

 

Il est à présent largement admis qu'une marge d’ablation insuffisante est un facteur de risque 

majeur de progression tumorale locale(4,5,7–10). 

Selon les études, le taux de progression tumorale locale varie de 1 à 27% pour les CHC (5,11–13) 

et de 3 à 41% pour les CRLMs(5,8).  

Dans ce contexte, le contrôle tumoral local par l'évaluation des marges de sécurité est devenu 

un défi pour les radiologues interventionnels. 

Dans une étude récente, Laimer et al. ont montré que pour chaque millimètre en plus de marge 

d’ablation minimale (MAM) après traitement par RFA du CHC, le risque relatif de LTP est réduit 

de 30% (10). Après biopsie du centre et de la marge de la zone d'ablation après traitement par 
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RFA pour les CRLMs, Sotirchos et al. ont conclu que la preuve par biopsie de l'ablation complète 

de la tumeur et une MAM de 5 mm sont des prédicteurs indépendants de LTP (14). 

Il est désormais communément admis qu'une marge d’ablation minimale de 5 mm offre le 

meilleur contrôle tumoral local pour le traitement des CHC et des CRMLs (5,8,10,14)  (Schéma 1).  

 

a.               b.    c. 

Schéma 1.  La tumeur est représentée par le rond rouge et la zone d’ablation par le rond orange 

entourant la tumeur. a : représente la situation idéale : la marge d’ablation tout autour de la 

tumeur est de 5 mm, on parle d’ablation complète. b : la zone d’ablation comprend bien la 

totalité de la tumeur, mais la marge d’ablation minimale est < 5 mm ; il s’agit d’une ablation 

complète avec marge minimale insuffisante. c : il existe une tumeur résiduelle ; il s’agit d’une 

ablation incomplète. 

 

Actuellement, la méthode la plus fréquemment utilisée pour l'évaluation du succès du traitement 

après ablation percutanée de CHC ou de métastases hépatiques est la comparaison des images 

tomodensitométriques pré- et post-ablation en juxtaposition.  

Dans une étude récente, Laimer et al. ont démontré la subjectivité de cette méthode, appuyant 

la nécessité de progresser dans nos pratiques. Ils ont demandé à trente-huit radiologues 

interventionnels ayant un niveau d'expérience variable d'évaluer le succès de la thermoablation 

par cette méthode conventionnelle chez neuf patients atteints de neuf CHC dont l'issue était 

connue après RFA. Les résultats ont été mal évalués par les radiologues dans 44,1% des cas, 

indépendamment de leur expérience(15). De plus, ce qui serait jugé comme une LTP lors du suivi 

ne serait pas toujours nécessairement dû à une marge ablative insuffisante, mais aussi à la 

présence de tumeur résiduelle(16).  

En effet, le foie est un organe présentant une grande mobilité dans les différents axes de l'espace 

due à de multiples facteurs (notamment la respiration et l'inflammation induite par le traitement 

5mm < 5mm 
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par thermoablation), ne permettant pas une évaluation optimale des marges dans un plan 

uniquement axial. 

 

Aujourd'hui, la principale différence entre la chirurgie et l'approche interventionnelle percutanée 

est l'évaluation du succès du traitement. Après la chirurgie, les anatomo-pathologistes analysent 

les marges de résection par une approche objective.  

Il est alors devenu essentiel pour les radiologues interventionnels de disposer d'une méthode 

objective pour évaluer le succès d'une ablation complète. 

Stephen Solomon a introduit la notion d'"ablation 2.0" en "se concentrant davantage sur la 

précision, sur les marges, et spécifiquement sur le chemin vers A0", A0 devenant l’équivalent du 

R0 des anatomo-pathologistes (résection en marges saines, sans résidu tumoral) (17). 

Des logiciels permettant la segmentation, le recalage rigide ou/et non-rigide d’images, et/ou 

l'évaluation volumétrique quantitative des marges ablatives sont actuellement en cours de 

développement pour évaluer le succès post-traitement. Ces logiciels semi-automatiques tentent 

de s'affranchir de la mobilité du foie.  

L'évaluation précise des marges d’ablation obtenues au décours immédiat de la thermoablation 

percutanée permettrait de décider si le traitement doit être complété en cas de marges de 

sécurité insuffisantes ou de tumeur résiduelle, lors de la même anesthésie générale. Ceci 

équivaudrait à une analyse extemporanée de la marge d’ablation.   

 

L’objectif de cette étude est de réaliser une revue exhaustive des études cliniques évaluant un 

logiciel ou une nouvelle méthode pour l'évaluation des marges après la thermoablation 

percutanée (PTA) des tumeurs du foie. 
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ABSTRACT 

 

PURPOSE – To conduct a comprehensive review of clinical studies evaluating software or a new 

method for margin assessment after percutaneous thermoablation (PTA) of liver tumors. 

 

MATERIALS AND METHODS – Three databases were used : Pubmed/MEDLINE, Embase and The 

Cochrane Library. Keywords were “software”, “ablation techniques”, “liver neoplasms”, image 

processing”, “imaging, three-dimensional”, “volumetric assessment”, “ablation”, “ablative 

margin”, “local tumor progression”, “radiofrequency ablation”.  

Following criteria were : liver tumor treated by a thermoablation technique, at least 10 patients 

included, fusion of pre- and post-treatment CT, MRI or ConeBeam-CT images, post-ablation 

margin studies, description of technique used.  

After exhaustive extraction of data from articles, they were analyzed and grouped into tables in 

order to homogenize and synthesize data. 

 

RESULTS – 678 articles were recorded. After applying exclusion criteria, 28 references were 

included. All studies were single-center, only 2 were prospective. Majority were feasibility 

(89.29%) or predictive (78.57%) studies. Four softwares were able to generate automatically 

margins. Time for use was inhomogeneously reported, ranged between 5 – 30 min (or more). 

Inter-operator reproducibility was high (k range : 0.686 – 1). Ascites, liver deformation, different 

position or undetectable tumor were major factor of error of coregistration. Margin was often 

the only significant risk factor for LTP. Visual assessment tended to overestimate assessment of 

margin. Mostly, LTP occurred at the location of thinnest margin or residual tumor. 

 

CONCLUSION – Ablation margin is an independent risk factor for LTP. The therapeutic impact of 

margin assessment software should therefore be of major importance. The ideal ablation-

confirmation software would imply a fast and easy to use workflow, as automatic as possible, 

with high precision.  

 

Keywords : Software, Liver Neoplasm, Volumetric Assessment, Local Tumor Progression, 

Ablation Margin, Image Processing, Ablation Techniques, Imaging Three-dimensional. 
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ABBREVIATIONS 

AR 

AM 

CRMLs 

CT 

e.g. 

HCC 

i.e 

LTP 

MAM  

MWA 

NA 

NOS 

NR 

PTA 

RFA 

TRE 

US 

Augmented Reality 

Ablative Margin 

Liver Metastases of Colorectal Cancer 

Computed Tomography 

Exempli Gratia 

Hepatocellular Carcinoma 

Id Est 

Local Tumor Progression 

Minimal Ablative Margin 

Microwave Ablation  

Not Applicable 

Newcastle Ottawa – Scale 

Not Reported 

Percutaneous Thermal Ablation 

Radiofrequency Ablation 

Target Registration Error 

Ultrasound 
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INTRODUCTION 

 

olorectal cancer and liver cancer are among the five cancers with highest mortality 

worldwide in 2020(1). Hepatocellular carcinoma (HCC) represents 90% of primary liver 

cancers(2). Almost 35% - 55% of colorectal cancer patients will develop liver metastases 

(CRLMs) during the course of the disease(3,4). 

In the context of liver tumors (either primary or secondary), indications of image-guided 

percutaneous thermal ablation have widely expanded over the past ten years. Percutaneous 

thermal ablation (PTA), using radiofrequency (RFA) or microwave (MWA), has become a 

validated curative option in CRLMs, especially in patients not eligible to surgery (5,6). PTA can be 

an alternative for metastases from other primaries in a personalised approach or as an 

alternative to systematic therapy in oligonodular disease(5). 

PTA is a validated first-line treatment together with surgical resection in patients with early-stage 

HCC, according to EASL/AASLD recommendations (2,5). In a recent French nationwide study, PTA 

has been shown as the most widely-used curative treatment for HCC both in cirrhotics and non-

cirrhotics (18). 

As a local treatment, patient treated by PTA may be subject to local tumor progression, which is 

largely due to insufficient ablative margin (AM) (4,5,7–10). In the literature, local tumor 

progression (LTP) rate varies from 1-27% for HCC(5,11–13) and from 3-41% for CRLMs(5,8).  

In this context, increasing interest has been focused on the precise evaluation of the ablation  

margins. 

In a recent study, Laimer et al. showed that for each millimeter increase of the minimal ablative 

margin (MAM) post-RFA treatment of HCC, there is a 30% reduction of the relative risk for LTP 

(10). After biopsy of the center and margin of the ablation zone after RFA for CRLMs, Sotirchos 

et al. concluded that biopsy proof of complete tumor ablation and a MAM of 5 mm were 

independent predictors of LTP(14). 

As in surgery, the ideal minimal margin is subject to great debate but it is commonly accepted 

that a minimal ablative margin of 5 mm provides satisfactory local tumor control for the 

treatment of HCC or CRLMs (5,8,10,14).  

Visual comparison of pre and post-ablation computed tomography (CT) scans in side-by-side 

juxtaposition is the most frequently-used method to evaluate the ablative margin. Indeed, the 

ablation zone can be easily visualized at the end of procedure as a hypodense area at the portal 

C 
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phase of CT-scan. However, in a recent study, Laimer et al. demonstrated the subjectivity of this 

method supported the need to envolve our practices. Results were misjudged by 38 radiologists 

in 44.1% cases when they evaluated success of PTA for HCCs with this conventional method, 

independently of their experience(15). Importantly, LTP observed during follow-up might result 

not only from recurrence due to insufficient ablation margins but also from residual disease that 

was left behind PTA (16).  

The main difference between surgery and PTA actually relates on the evaluation of treatment 

success. Whether visual (ie. subjective) evaluation of imaging follow-up is the most common way 

to evaluate treatment success after PTA, pathologists analyze resection margins after surgery 

using an objective approach, defining R0/R1/R2 status. Therefore, it has become essential for 

interventional oncologists to objectively evaluate the success of a complete ablation in a similar 

way. Stephen Solomon introduced the notion of “ablation 2.0” by “focusing more on precision, 

on margins, and specifically the road to A0”, A0 becoming the equivalent of R0 for pathologists 

(resection in healthy margins, without tumor residue) (17). 

Growing interest has been observed toward softwares allowing segmentation, rigid or/and non-

rigid registration, and quantitative volumetric assessment of ablative margins. However, the liver 

is subject to mobility and deformation with respiratory movements making comparisons difficult 

or even inaccurate between pre- and post-evaluations basically acquired at different times. The 

assessment of precise ablative margins immediately in post-PTA would permit to complete the 

ablation during the same procedure if the ablative margin is insufficient or in case of residual 

tumor. Such approach would offer a theoretical advantage over surgery where surgical margin is 

basically analyzed after (and not during) surgery. Over the past decade, several methods or 

softwares for assessment of the ablative margin have been published in different clinical contexts 

(tumor types, imaging modalities, timing of pre- and post-PTA evaluation…) but to our 

knowledge, no comprehensive review has been published so far. Yet, it has now become 

particularly important to analyze capabilities, accuracy, and limitations of available ablation-

confirmation softwares before designing clinical trials incorporating these tools in order to 

guarantee the completeness of PTA with adequate margins. 

 

Thus, the aim of this study is to conduct a comprehensive review of clinical studies evaluating 

software or a new method for margin assessment after PTA of liver tumors.  
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MATERIALS AND METHODS 

This systematic review is registered in PROSPERO (CRD42021243449) and was performed in 

accordance to Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement 

(PRISMA). 

No similar literature review or meta-analysis has been registered on PROSPERO so far. 

 

Study Selection 

The research was conducted on three databases : Pubmed/MEDLINE, Embase and The Cochrane 

library. 

The keywords used were “software”, “ablation techniques”, “liver neoplasms”, image 

processing”, “imaging, three-dimensional”, “volumetric assessment”, “ablation”, “ablative 

margin”, “local tumor progression”, “radiofrequency ablation”. MeSH Terms and free research 

were used (Appendix 1).  

There was no limitation date. The research was completed on May, 15th 2021. 

Two reviewers (C.M. and M.H.) screened titles and abstracts of each article. In case of 

disagreement, a consensus was found between the two reviewers. A third reviewer (B.G.) 

adjudicated in case of persistent disagreement. 

Only English language articles were included in this study. 

For this qualitative review, selected studies had to present the following criteria: liver tumor 

treated by PTA, at least 10 patients included, co-registration of pre- and post-treatment images 

for margin assessment, CT or MRI or Conebeam-CT as imaging modalities, description of the 

method used for co-registration.  

 

Definitions 

According to the CIRSE Standards of Practice on Thermal Ablation of Liver Tumors, definition of 

ablative margins is “the region ablated beyond the borders of the tumor to achieve complete 

tumor destruction”(5).  

Ablative Margin is considered as “appropriate margins beyond the borders of the tumor”, 

“necessary to achieve complete tumor destruction”. Ablative Margin “is used to describe the 

region that should ideally be ablated”(19). 

Complete Ablation is considered as the “primary treatment success”, this term simply addresses 

whether the tumor was covered completely (20). 
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Local Tumor Progression (LTP) is defined as “the appearance of tumor foci at the edge of the 

ablation zone, after at least one contrast-enhanced follow-up study has documented adequate 

ablation and an absence of viable tissue in the target tumor and surrounding ablation margin by 

using imaging criteria”(19). 

 

Registration 

Principles 

Post-fusion image registration allows two pre- and post-PTA images to be matched. 

For these purposes, two types of geometric transformations are used: linear and non-linear 

transformation models.  

Rigid transformations belong to the group of linear transformations, with only translation and 

rotation axes,  easy to use for organs in closed environments, not very mobile (e.g. the brain)(21). 

Rigid transformation processing is fast, but requires adjustments by a system of anatomical 

landmarks for structures like the liver. Hepatic vessel bifurcations, cysts or calcifications can be 

typically considered as landmarks(22). 

Because the liver is a very mobile organ in the abdominal cavity, the non-linear (or elastic or non-

rigid) transformation is particularly applicable, taking into account the movements of the liver in 

a more suitable way (more often based on B-Splines)(23). With this registration, additional 

landmark can be segmented in order to improve even more the quality of registration. Methods 

of non-rigid registration are available in open source as part of the ITK (Insight Segmentation and 

Registration Toolkit) (www.itk.org). 

Prior to rigid or non-rigid registration, DICOM files need to be transferred into the software.  

Generally, the whole liver (on pre- and post-PTA images), liver tumor(s) (on pre-PTA images) and 

the ablation (ie, necrosis) zone (on post-PTA images) are segmented. Segmentation can be either 

manual, semi-automatic (most frequently), or fully automatic. Then, the ablation margin(s) are 

assessed by using manual or automatic method of measurement (depending on the software). 

 

Co-registration Quality 

Success rate of coregistration was extracted from studies, referring to the accuracy of fusion 

performed, with feasibility of treatment evaluation. When studies assessed the quality of 

coregistration with a rating scale, these data were extracted and reported into a table. 
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If exclusion criteria included technical settings, affecting coregistration quality, these data were 

reported. 

The registration accuracy could also be evaluated using Target Registration Error (TRE), 

corresponding to a difference distance between predefined corresponding anatomical 

landmarks on registered pre- and post-PTA images(24). 

 

Data extraction 

A preliminary table was made manually using a spreadsheet, listing each included study. From 

each study, data extracted were as follows : reference, study design, period of inclusion, 

outcomes, patients included (number), exclusion criteria, number of lesions and their type, 

follow-up period, software used, interval between thermal ablation and final control (CT or MRI 

images), Newcastle Ottawa-Scale(25), key steps for the segmentation and registration, feasibility 

of a manual correction, time for use, margins endpoint, tumor size, rate of LTP, results, inter- or 

intra-operator reproducibility, authors' views on limitations and benefits of the software.  
In order to classify the outcomes of each study, we distinguished 5 main axes (which could be 

combined): studies proposing a quantitative ablative margin assessment technique or assessing 

the feasibility or accuracy of a method (Feasibility), studies comparing registration and image 

fusion for quantitative assessment of ablative margin versus the conventional method 

(Comparative), studies evaluating possibility of an additional treatment (Clinical Impact),  studies 

assessing the impact on LTP or investigating the location of the LTP in relation to the ablation 

zone (Predictive) and studies investigating the overall survival or the progression-free survival 

(Overall Survival). 

All data were extracted by the two principals reviewers (C.M. and M.H.). If there were any 

misunderstanding or disagreement, a consensus was found or the third reviewer was involved 

(B.G.). 

 

Quality Assessment of Studies 

Quality assessment was evaluated by the Newcastle-Ottawa scale (NOS), an instrument 

developed to assess the quality of non-randomised studies (25). This scale is divided into three 

categories of items: Selection, Comparability and Outcome. Selection integrates the 

representativeness of the exposed cohort, the selection of the non-exposed cohort, the 

ascertainment of exposure, the demonstration that outcome of interest was not present at start 
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of study. Comparability integrates the comparability of cohorts base on the design or analysis. 

Outcome integrates the assessment of outcome (blind assessment, auto-evaluation), if the 

follow-up was long enough for outcomes to occur and the assessment of adequacy of follow up 

of cohorts (Appendix 2). Thresholds for converting the NOS to the Agency for Healthcare 

Research and Quality’s (AHRQ) standards are reported in Appendix 3. 
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RESULTS 
 

Literature Research 

After duplicates were removed, a total of 678 articles were recorded. Six hundred and eleven 

articles were screened by their titles and abstracts. At this stage, in most cases, articles were 

excluded due to : off-topic papers, non-human (ie, in vitro or animal) studies, no coregistration 

between pre- and post-PTA images, planning or simulation softwares, coregistration with 

ultrasound (US), case report studies.  

A total of 68 full-text articles were assessed for eligibility (Fig. 1).   

After applying the exclusion criteria (Fig1.), a total of 28 references were included in this 

systematic review. 
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Fig. 1. Flow-chart summarising the different stages of the literature review according to PRISMA 

criteria.  
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Studies characteristics 

Studies characteristics, i.e. study design, number of patients and number of lesions, type of 

lesions, thermal ablation (RFA, MWA or cryoablation), tumor size, outcomes, follow-up period, 

target registration error and Newcastle Ottawa-Scale are reported in the Table 1.   

All studies were single-center studies (100%). Only 2 of them were prospective studies (11,26). A 

large majority of lesions were HCCs (23/28 references), follow by CRMLs. Number of included 

patients ranged 10 - 178 (median: 52) among included studies.  

The large majority of studies used RFA (22/28; 78.57%), 6/28 (21.43%) of them used MWA and 

only 2/28 (7.14%) used cryoablation. Only one reference reported on all 3 types of PTA(27).  

The diameter of ablated tumors ranged between 3 – 75 mm. 

Twenty-five out of twenty-eight references were feasibility studies (89.29%), and 22/28 (78.57%) 

were predictive studies. Only three studies investigated survival (28–30). 

After studies were evaluated using the NOS, they were reclassified using Agency for Healthcare 

Research and Quality designations as described in Appendix 3 : 19/28 were considered as good, 

1/28 was considered as fair and 5/28 were considered as poor. This scale was not applicable for 

3/28 studies because they were not cohort studies.
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Table 1
References Study design N patients/lesions HCC/CRMLs/ Alation Tumor size (mm) Follow-up Outcomes NOS

Other lesions Mean +/- SD (range) (median months)
Sandu R.M. et al, 202146 R NR/65 CRMLs MWA NR NA F NA

NR
An C. et al, 202032 R 141/141 HCC MWA 23 ± 9 28.9 F/P/C 7

NR
Laimer G. et al, 202010 R 110/176 HCC RFA* 25.2 ± 14.9 26.0 ± 10.3 F/P 8

NR
Laimer G. et al, 202031 R 45/76 CRMLs RFA*  24.3 36.1 ± 18.5 F/P 8

(3 - 75)
An C. et al, 201928 R 68/68 HCC MWA 27.8±7.2 21 F/P/O 8

(8 - 47) (3 - 44)
Chen C. et al, 201933 R 35/47 H/C/O CRYO 27.0 ± 15.1 ≥ 6 F/P 6

(n = 5/19/23) NR
Hendriks P. et al, 201934 R 18/18 HCC RFA 20 9.5 F/P/C 7

(12 - 45)
Kaye E.A. et al, 201936 R 72/93 CRMLs RFA NR**** NR F/C/P 7

(6 - 55)
Sibinga Mulder B.G. R 29/29 CRMLs RFA 22 44.7 ± 20.5 F/P 7
et al, 201940 (8 - 42)
Solbiati M. et al, 201916 R 50/90 HCC MWA 27 ± 20 ≥ 12 F/P 5

(NR)
Jiang C. et al, 201835 R 134/159 HCC RFA 20 ± 9  26 F/P 8

(10 - 49) (2 - 69)
Solbiati M. et al, 201847 R 38/38 H/C MWA NR NA F NA 

n = 28/10 (7 - 33)
Takeyama N. et al, 201841 R 31/61 HCC RFA 11.2 ± 4.4 37.9 ± 12.4 F/P/C 9

(5 - 24) (12 - 67)
Vandenbroucke F. et al, R 20/45 C/O RFA 18.6 110 weeks P 7
2018 43 *** (6-41) (26 - 232 weeks)
Yoon J.H. et al, 201826 P 68/88 HCC RFA 16  ±  6 48 C/I/P 8

(6 - 32) (0.9 - 72.6)
Hocquelet A. et al, 201730 R 16/16 HCC RFA NR  2.2 years F/P/O 7

(18 - 27) (1.76 – 2.63 years)
Park J. et al, 201738 R 178/178 HCC RFA 17.3 ± 6.1 ≥ 12 F/P 8

(5 - 40)
Tani S. et al, 201627 R 19/21 H/C/O MWA/RFA 20 NR F/P 6

n = 3/9/9 CRYO (9 - 41)
Makino Y. et al, 201537 R 67/92 HCC RFA 12.9 NR F 8

(4.8 - 41.4)
Tang H. et al, 201529 R 75/75 HCC RFA 24.0 ± 7 NR F/O 7

 (8 - 41)
Wang X.L et al, 201544 R 52/62 HCC RFA 20 ± 10 14.2 ± 5.4 F/P/C 7

(10 - 31) (1 - 23)
Sakakibara M. et al., R 84/134 HCC RFA 13.8 ± 4.6 NR F/P/C 8
2014 39 NR
Shin S. et al, 201411 P 150**/150 HCC RFA  19.5 ± 7.9** 29.21 ± 10.84 F/P/C/I 6

NR (0 - 42)
Makino Y. et al, 201313 R 85/94 HCC RFA 14.0  ± 5.2   21.0 P/C 8

NR (2 - 75) 
Passera K. et al, 201345 R 10/10 H/NR RFA NR NA F NA

n = 5/5 (10 - 40)
Tomonari A. et al, 201242 R 12/13 HCC RFA 14.5 ± 4.8 15.2 F/C/P 5

(8 - 23) (3 – 27)
Kim K.W. et al, 201124 R 31/38 HCC RFA 19 NR F/C 8

(10 - 35)
Kim Y.S. et al, 201012 R 103/110 HCC RFA 27 ± 6 28.1 F/P/C 8

 (21 – 48) (12.9 - 46.6)
R : retrospective study, H : HCC, C : CMLs, O : other lesions, NR : Not Reported, NA : Not Applicable, CRYO : Cryoablation 

Published studies

*Stereotactic; **Values for study group. For control group : n = 90 and mean tumor size : 21 ± 6.6 mm ; *** 16 patients with CRMLs and 4 for patients 
with other lesions; **** Median : 18 mm

F : Feasibility, C : Comparative, I : Clinical Impact, P : Predictive, O : Overall Survival
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Technical Features 

Two types of articles were identified : those trying dedicated software (n=23) (10–

13,16,24,26,28,29,31–44) and those proposing a new method on their own with the help of 

available algorithm (n=5) (27,30,45–47). 

Technical features were reported in Table 2. The ablative margins were automatically obtained 

in four softwares (11,16,24,26,31,32,36,38,44), (Ablation-fit, HepaCare Siemens Healthcare, 

MIM MAESTRO, MyLab Twice). Otherwise, the authors themselves had to visually locate and 

manually measure  the smallest ablation margin. 

Most studies investigated margins by fusion of CT or MRI images. One study used contrast-

enhanced PET-CT scan (43) and only one  studied pre-operative CT with post-operative CE-CBCT 

registration (47). 

Software time for use was often reported, but very inhomogeneously. Most of the time, the full 

usage time was not quoted, or only the segmentation time or the coregistration time was 

available, or it was not clear what precisely this time referred to. The total usage times ranged 

between 5 – 30 min (or more) when it was indicated. 

Only 5 studies reported inter-operator reproducibility (30,34,40,41,47). When it was studied, it 

was quite high overall (k range : 0.686 – 1). 

Target Registration Errors (TRE) was available in 7/28 studies (13,24,27,28,30,32,37). Mean TRE 

was 1.62 mm, ranging between 1.20 – 2.23 mm. 

 

 

An example of use of one of this software is available on Appendix 4. 
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Table 2 Characteristics
References Software Rigid / Margin Pre- / Post- Interval Between Time For Inter-operator Target Registration 

Non Rigid Endpoint Ablation Modality Ablation and Control Use Reproductibility errors (mm) 
Laimer G. et al, 202031 Ablation-fit ; R.A.W. Srl Non-R A CT / CT Day 0 5-20 min NR NR
Solbiati M. et al, 201916 CT / CT Day 0 Registration : <3 min NR NR
Sakakibara M. et al., AquariusNET Viewer, R NR CT or MRI / ≤ Day 3 To create 3D registration  : NR NR
2014 39 version 4.4.6.50, TeraRecon CT or MRI ≈ 10 min 
Yoon J.H. et al, 201826 HepaCare, Siemens Non-R A MR / CT Day 0 NR NR NR
Park J. et al, 201738 Healthcare MR / CT Day 0 Registration :35.32 ± 15.39 s NR NR

Interpretation. :150.00 ± 16.91s
Shin S. et al, 201411 CT / CT Day 0 Registration and transfer : 5 min NR NR
Kim K.W. et al, 201124 CT / CT Day 0 Processing time : 123.3 ± 16.8 s  1.3 ± 1.1

Interpretation : 66.1 ± 34.9 s to (0 – 8.4)
149.3 ± 40.7 s *

Chen C. et al, 201933 Integrated Registration, R M MR / CT Day 0 14.57±1.64 min NR NR
GE Healthcare Range: 10.08-16.52 min

Vandenbroucke F. et al, PET-CT / Day 0 Variable NR NR
2018 43  PET-CT** >30 min in some cases
Makino Y. et al, 201537 CT / CT  ≤ 7 days CT fusion imaging :  ≤ 15 min NR 1.5 (0.27 – 2.92)

MRI/ MRI    ≤ 1 month MRI fusion imaging : ≤ 20 min  1.2 (0.26 – 3.0) 
Makino Y. et al, 201313 CT / CT ≤  7 days <15 min NR  1.5 ± 0.68
Tomonari A., et al 201242 CT / CT 1 week after NR NR NR
Kaye E.A. et al, 201936 MIM MAESTRO® R A CT / CT 1 - 2 months  4.26 ± 1.5 min NR NR

(MIM software, Inc.)
Hendriks P. et al, 201934 Mirada RTx software Non-R M CT / CT Day 0 NR Coregistration : κ = 0.88(SE: 0.12 ; p < 0.01) NR

Quantitative assessment of MAM : 
κ = 0.88 (SE: 0.12 ; p < 0.01)

Qualitative categorical assessment of 
MAM***: κ = 0.24 (SE of 0.28; p = 0.16)

Sibinga Mulder B.G. et al, CT / CT Day 0 NR Agreement for completeness of the NR
2019 40 ablation : κ = 1.0 (p < 0.001)

Agreement for measurement of the 
MAM : κ = 0.723 (p < 0.001)

An C. et al, 201928 MITK Non-R NR MRI / MRI ≤ 1 week Segmentation ≈  2 min NR 1.7±0.3
Registration : Median :  121.3 sec
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An C. et al, 2020
32 MyLab Twice, Esoate Non-R A MRI / MRI ≤ 3 months Median registration time : NR  1.6 ± 0.8 

183.5 s

Wang X.L et al, 2015
44

MRI / MRI 1 month Creation of image fusion : NR NR

15.5 ± 5.5 min (8 - 22 min)

Time for AM evalation : 

9.6 ± 3.2 min (6 - 14 min)

Jiang C. et al, 2018
35 Myrian; Intrasense Non-R M CT / CT 1 month ≈ 30 min NR NR

Tang H. et al, 2015
29

CT / CT 1 month ≈ 30 min NR NR

Laimer G. et al, 2020
10 Syngo.via VB20A, R M CT / CT Day 0 > 15 min NR NR

Siemens Healthineers
Kim Y.S. et al, 2010

12
CT workstation : Virtual R M CT / CT Day 0 NR NR NR

Place Advance Plus version 
2.03, Aze Corporation

Takeyama N. et al, 2018
41Volume Analyzer Synapse R M MRI / MRI ≤ Day 3 To create registration image : Agreement level  for registration error : NR

VINCENT, version 5.1, 10 - 15 min κ  = 0.686

Fujifilm Medical Systems Agreement level for the AM grading 

on fusion imaging :  κ  =  0.693

Tani S. et al, 2016
27

Registration, fusion and Non-R NR MRI / MRI ≤ Day 3 Manual tasks : 10 - 15 min   NR 2.23 ±  0.95

volumetric approach : Computation : 15 min

3D Slicer version 4
3D distance map : ITK

Hocquelet A. et al, 2017
30

Segmentation : ITK-SNAP NR NA MRI / MRI 1 month Registration : < 7 min Mean DSC values on pre- and post-ablation  2 ± 0.9

freeware Segmentation <  1 min scans between 2 repeated segmentations :

Area insufficient margins : 0.98±0.03 and 0.96±0.03

proposed a full technique
Solbiati M. et al, 2018

47
Registration : ITK libraries Non-R NA CT / CE-CBCT Intra-procedural Landmark selection and Extremely high concordance between NR

and Elastix toolbox coregistration : 30 to 120s both radiologists

Sandu R.M. et al, 2021
46 Introduced a method Non-R NA CT / CT Day 0 Segmentation : 5-30 min NR NR

**** Computation AM : 30 sec

Passera K. et al, 2013
45

Segmentation : MevisLab Non-R NA CT / CT Day 15 - 20 Segmentation : 10 min NR NR

Described a method for AM Registration : 40 min

A : automatic, M : manually, MAM : minimal ablative margin, R : rigid registration, Non-R : Non-rigid registration, CE-CBCT : contrast enhanced Cone Beam CT, DSC : DICE similarity coefficient 

between the region-of-interest encompassing the liver in the registered volume and its counterpart in the reference frame.

* Depends on the reader; ** Contrast-enhanced PET-CT scan; *** Categorical margin assessment : negative, 0 to 5 mm, or ≥ 5 mm; **** Article found in AblaSure software publications 
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Co-Registration Quality 

For included patients, the success rate in coregistration was available in only 12 studies 

(Appendix 5).  Except in 2 studies (37,40), this rate was greater than 80%. Exclusion criteria that 

could have an influence on the success rate of co-registration and that could be a limiting factor 

for the use of the different software were identified and collected in appendix 5.  The most 

common exclusion criteria were fully technical :  “technical failure”, “failed image fusion data”, 

“data image format incompatible with registration”, “image alignement deviation too large to 

meet the actual situation”, “coregistration quality of pre- and post-ablation scans 

insufficient”(12,29,32,34,36,38,40,43) .  Ascites (artificial or not) was an important exclusion 

criteria (11,24,38) or a factor of error of co-registration process (38,41,44,45). Liver deformation 

or different position (12,37,39–41,44) and undetectable tumor in pre-ablation CT scans (37,39) 

were also limiting factors.    

 

 

Visual Assessment vs Quantitative assessment 

Ablation Margin 

In studies comparing visual and software-aided assessment (12,13,26,32,34,38,39,41,44), visual 

assessment tended to overestimate ablative margin, i.e. margins were too often considered 

sufficient when they were not. For Kim Y.S et al (12), using side-by-side comparison, 34.5% 

(38/110) tumor were considered with at least 5-mm AM vs 2.7% (3/110) with quantitative 

analysis (p < 0.0001). 

For Tomonari A. et al (42), in 13 lesions considered with sufficient AM using qualitative 

assessment, 0/13 had sufficient AM with fused images. 

Comparing impact of registration on experienced (5 years) and inexperienced reader (radiology 

fellow), Park J. et al (38) showed that quantitative assessment permitted to reassigned patients 

from incomplete or borderline on visual assessment to sufficient, particularly  for inexperienced 

reader (18 patients from incomplete and 23 from borderline). 

According to Yoon J.H. et al, tumors located above the hilum showed a higher incidence of 

discordance (23.8% [10/42] vs. 6.5% [3/46], p = 0.047) between visual assessment and software-

assisted inspection. 
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Clinical Impact 

Yoon J.H. et al (26) observed a significantly lower cumulative incidence of LTP for sufficient AM 

than those with insufficient AM (24.6% (14/57) vs 66.7% p=0.004) with software-assisted 

evaluation, whereas there were no significant difference in cumulative LTP between sufficient 

and insufficient AM (p=0.79) on visual assessment.  

In their prospective study, Shin S. et al (11) demonstrated that an addition of registered CT 

images increased the proportion of patients requiring additional RFA from 8% (12/150) to 23.33% 

(35/150). 

 

Local Tumor Progression 

For 10/28 studies(10,12,13,16,31,34,35,39–41), ablation margin was the only risk factor of LTP. 

Information was not avalaible for 13 studies. For 5/28, AM was associated with an other risk 

factor (pre-neutrophil-lymphocyte ratio(29), maximal tumor diameter(28), older age(32), 

treatment refractory tumors(26), pre-procedural tumor volume and the largest diameter(27)). 

Cumulative incidence rates of LTP was significantly associated with an adequate ablative margin 

in 11 studies (13,26,28–30,32,33,35,38,39,41). Margin thresholds were quite inhomogeneous 

among studies or softwares: > 0 mm (13,34,36,39–41); 1 mm (27); 2 mm (11,38,43); 3 mm 

(10,12,26); 5 mm (16,28,29,31–33,35,42,44) or a volume (30).  

Shin S. et al (11) conduced a prospective study in which they achieved an additional-RFA, when 

it was possible, when incomplete ablation according to registered images (named : study group) 

was shown. When an incomplete ablation was considered by visual assessment, margin 

assessment with adding registered images found the same result. In study group, 16/150 patients 

(10.67%) showed LTP versus 21/90 in control group (23.33%), with a significative difference (p = 

0.0101).  

When it was analysed, LTP occurred in the location where residual non-ablated tumor or where 

the thinnest AM was identified (11). For HCCs with incomplete tumor treatment (17/90) and 

which presented LTP during follow-up (13/17), Solbiati et al (16) found that 100% LTP occurred 

in the exact location where residual non-ablated tumor was identified by Ablation-fit. For 

Tomonari A. et al (42), 13/13 LTP of HCCs occurred at the location of the thinnest margin found 

with registration (Integrated Registration). Wang X.L. et al (44) had 4/4 LTP of HCCs that occurred 

in the area in which the 5 mm AM was not achieved, 3/5 for Tani S. et al (thinnest margin of 0 

mm) (27), 25/30  (83.3%) for Kim Y.S. et al (12), 19/22 (86.4%) for Sakakibara M. et al (39). 
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For Kaye E.A et al (36), in 39/50 (78%) ablations that had LTP,  3D Volume Insufficient Coverage 

assessment metrics were spatially well co-localized with the area signifying LTP. 

 

 

Survival 

Only 3/28 studies have investigated impact of AM on survival (28–30), only related on HCCs. 

Samples size ranged between 16 – 75 patients. Two out of three showed a significant difference 

in Overall Survival (29,30) according to the PTA margin. Tang H. et al (29) found a significant 

difference in 1-, 3- and 5-years OS rates between Group with AM³ 5 mm and Group with 

0<AM<5mm at 94.3%, 73.8%, 64.6%, and 86.2%, 60.5%, 47.6%, respectively (p = 0.046). They 

also found a significant difference in recurrence free-survival rate between these two groups, at 

50.6% and 35.6% in 5 years, respectively (p = 0.042).  

Prospectively, Shin S. et al (11) found a significant difference in 42-month disease free-survival 

rates between study group (AM³5mm with software) at 52.67% and control group (AM³5mm 

with visual assessment) at 28.89%  (p=0.0027). 
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DISCUSSION 

 
This systematic review identified clinical studies aiming to improve our practices through a 

software-based quantitative evaluation of ablative margins. In all studies, feasibility of software-

based assessment as claimed by the authors, nevertheless, 62 – 100% of registration success rate 

were reported in the articles. 

A considerable number of lesions were excluded from the study due to ascites(11,24,38), 

technical failure(29,34,36,38,40,43), incompatible image format(36), liver deformation or 

different position(10,34,37,40,41,44). Sometimes, artificial ascites is used during thermoablation 

to protect adjacent structures. Software have to take this into account.  

 

In 10/28 studies(10,12,13,16,31,34,35,39–41), the only risk factor for local recurrence was 

minimal ablative margin. The assessment of incomplete PTA (with residual tumor) or ablative 

margin was more reliable with the help of software than by visual conventional method. 

Studies(12,13,26,32,34,38,39,41,44) comparing visual and quantitative assessment have shown 

an overestimation of margin with side-by-side assessment, reclassifying some ablation margins 

as inadequate, when they were previously considered satisfactory.  

In a prospective study, Shin S. et al. (11)  found a significative difference (p = 0.0101) in term of 

LTP between study group (ablative margin assessment by using software HepaCare) and control 

group (only visual assessment), i.e. 10.67% and 23.33%, respectively. They also compared the 42-

month disease free-survival rates, and found a significative difference between study and control 

groups, i.e. 52.67% and 28.89%, respectively (p = 0.0027). These results suggest that a sufficient 

ablative margin might be a predictive factor of patient’s oncological outcome. Interestingly, it 

has been shown in many studies that LTP preferentially occurs at the location of the thinnest 

ablation margin (13,16,27,34,36,39,42,44).  

 

In our systematic review, 11/28 studies used post-PTA images taken more than 3 days or even 1 

month after. However, the volume of the ablation zone decreases rapidly a few weeks after PTA, 

depending on the technique (48,49).  It should be noted that with electroporation, the ablation 

zone decreases much faster than with RFA or MWA or even disappears completely(50). These 

data underline that post-PTA evaluation should be performed as early as possible with regard to 

PTA, in order to precisely evaluate ablation margins. Otherwise, there is a risk of 

underestimation. The ideal approach is certainly to perform post-PTA evaluation after 
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completion of PTA, to allow re-ablation in case of incomplete treatment or insufficient margin. 

However, intra-procedural analysis of the ablation margin basically implies performing PTA in CT 

rooms, even when they are performed under US guidance. Angio-CT systems incorporating three 

imaging modalities (US, CT, angiography) on-board have recently gained increased interest (51) 

worldwide and might improve even more the work-flow. 

 

This systematic review highlight the considerable heterogeneity in the right threshold for 

ablation margin. The same debate has been observed in surgery for decades(52–55). Whatever 

the optimal threshold for ablation margins, whether we are really able to achieve this threshold 

in all cases, through re-ablation during or after the initial procedure, remains questionable. In 

the prospective study of Yoon J.H. et al (26), for 22 patients with insufficient ablative margin 

estimated in at least one inspection (using HepaCare or in visual inspection), only 5 of them have 

benefited from a second-look RFA and 1 have benefited of transarterial chemoembolization. 

Reasons why they cannot perform second-look RFA were as follow: nearby hepatic vessels, 

concerns of thoracic or cardiac injury, concerns of central bile duct injury, patients’ intolerance 

to additional RFA or unstable vital signs for additional conscious sedation and concerns of 

gallbladder perforation. Sakakibara M. et al. (39) and Shin S. et al (11) warn of the risk of 

overzealous treatment, which can be deleterious for patients with a considerable increase in the 

risk of complications and impairment of liver function. Ideally, assessment of a truly achievable 

ablation margin based on anatomical criteria could be evaluated pre-operatively using 

registration software. Imaging and clinical follow-up could therefore be tailored depending on 

the situation (adequate margins achievable or not). 

 

However, significant technical limitations were identified. The time of use was the main limiting 

factor (10,31). When information was avalaible, time taken to use the software and obtain 

margins could be as long as 20 minutes or more (10,27,29,31,35,37,43–46), which does not seem 

applicable in clinical practice. It is all the more so the case as the physician performing PTA works 

in sterile conditions, and it is highly desirable that physician-software interactions be optimized 

in a sterile environment, through easy and fast process to stick with routine practice as much as 

possible. 

With rigid software, despite locoregional registration just around the tumor, regional thermal 

distortion may occur after RFA,  sometimes confusing for the assessment of minimal AM 

(10,12,13,28). 
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Definition of corresponding anatomical landmarks on the different image datasets was a rather 

challenging method even for very experienced radiologists with the risk of many potential 

sources of error(10). Despite non-rigid registration, difference in position and shape of the liver 

remains a limit to the quality or even the possibility of co-registration (27,34,40).  

When it was available, mean Target Registration Error was 1.62 mm (range : 1.20 – 2.23 mm). 

For Kim K.W. et al (24), mean TRE was 1.3 ± 1.1 mm but with a range between 0 to 8.4 mm. 

According to the Shannon Theorem, registration error of 1.5 mm can be significant for an 

expected margin of 3 mm or lower. Archip N. et al (23) showed that error registration was 

significantly lower in non-rigid registration than in rigid registration.  Nevertheless, in our 

systematic review, target registration errors did not really differ between rigid(13,37) and non-

rigid(24,27,28,32) registrations. This might be mitigated by the fact that only one software 

(Integrated Registration, GE Healthcare) with rigid registration was evaluated.  

Therefore, non-rigid registration might be acceptable to determine whether ablation margin is 

>3-5 mm as it is faster than rigid registration and reliable enough to provide such binary (ie. 

adequate vs. inadequate) evaluation.  

The problem of subcapsular tumors is also a limitation of the assessment of ablation margins by 

co-registration. Sandu R.M. et al (46) assume that ablation margins may appear erroneously small 

in quantitative measurements due to inherent impossibility of obtaining adequate margins in 

subcapsular tumors. Therefore, they proposed an algorithm for accurate measurement. 

 

Several limitations should be noted in the studies of this systematic review. First, none of them 

were multi-center and only two were prospective studies. Therefore, the level of evidence is low 

with a lack of external validity. The ideal way to evaluate the benefit of assessing ablative margins 

using a software would be a prospective multi-center study demonstrating a change in patient 

management that could translate into improved oncological outcome. A phase II, randomized 

two-arms trial COVER-ALL conducted by Odisio et al (56) with the primary outcome to evaluate 

if the intraprocedural feedback of non-rigid registration volumetric method during PTA will 

increase the minimal ablation margins on a 3D CT-generated analysis (Morfeus software). This 

trial is ongoing. Another phase II trial, ACCLAIM trial, a multi-center and prospective study is also 

currently planned by Sofocleous, as he commented in a newspaper (17) : “ thermal ablation will 

be offered in patients with limited number and relatively small CRLMs. A mandatory requirement 

for enrolment in the trial is the use of real-time 3D software to assess the ablation zone and show 

that the target tumor has been completely covered with ideally 10mm and not less than 5mm of 
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minimal ablation margins. The study hypothesis is that if ablation margins are larger than 5mm, 

local progression-free survival at 12 months after ablation will be over 85%.” 

Second, data from the different studies were difficult to homogenize due to a lack of 

standardization.  Some data were not systematically reported (TRE available in only 7 studies, 

inter-operator reproducibility in 5 studies and time for use in 23 studies) or reported with various 

outcomes (cumulative incidence of LTP vs LTP rate, variability of reported time of use, different 

definitions of ablation margins or complete ablation with different scores). 

 

A major limit of our systematic review is the Newcastle Ottawa-Scale. This scale is famous to 

judge the quality of observational study, fast to use but also criticized. Hartling L. et al (57) 

evaluated the inter-rater reliability and validity of the NOS.  Reliability for overall score was fair 

(κ = 0.29, 95% CI = 0.10, 0.47). They recommended a revision of this scale and the provision of a 

more detailed guide to the different items. In our experiment, we were sometimes confronted 

with a difficult choice of scoring items due to a lack of clarity of the items. 

 

Therefore, our review focused on methods and software to assess ablation margins after PTA 

treatment. In order to make PTA treatment more efficient, other approaches are under 

investigation. 

ClinicIMPPACT (Clinical intervention modelling, planning and proof for ablation cancer 

treatment) is a multi-center prospective non randomized conducted by Reinhardt M. et al (58), 

evaluating the accuracy and efficiency of a planning and simulation software. They postuled that 

“accelerated and optimized workflow integration, and real-time intraoperative image 

processing, as well as inclusion of patient specific information, e.g. organ perfusion and 

registration of the real RFA needle position might make the introduced software a powerful tool 

for interventional radiologists to optimize patient outcomes”.  The next step could be Virtual 

Navigation for both planning and controlling the ablation zone using real-time fusion with US or 

CEUS (59). 

One of the likely ways forward is Augmented Reality (AR)(60–62). Margin quantification software 

could be integrated into such AR devices. The learning curve and inter-operator performance 

variability might be lowered, even though the main limitation we can expect would be needle 

bending during insertion and control during breathing. 
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Finally, CT-guided robotic assistance for percutaneous needle placement in the liver (63) 

associated with an ablation margin evaluation software could help extending the ablation area 

through complex and optimised paths whenever necessary.
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CONCLUSION AND PERSPECTIVES 

Thermoablation of liver lesions has a growing field of indication and will continue to expand.  

In most studies, ablation margin is the only significant risk factor for LTP. The therapeutic impact 

of margin assessment software should therefore be of major importance. The ideal ablation-

confirmation software would imply a fast and easy to use workflow, as automatic as possible, 

with high precision. This review underlines that this ideal software does not exist so far.  

Available studies on ablation-confirmation softwares present a low level of evidence overall, due 

to the fact that most of them are feasibility studies, retrospective and single-centre.  

We look forward to the results of the ACCLAIM and COVER-ALL trials, which in the future could 

significantly improve our practice, and ultimately patient’s outcome.
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Annexes 

 

Appendix 1.  

KEY WORDS AND RESEARCH 

PubMed : 

(("Software"[Mesh:NoExp]) AND "Ablation Techniques"[Mesh]) AND "Liver Neoplasms"[Mesh] 
 
(("Ablation Techniques"[Mesh]) AND "Liver Neoplasms"[Mesh]) AND "Image Processing, 
Computer-Assisted"[Mesh] 
 
(("Imaging, Three-Dimensional"[Mesh]) AND "Liver Neoplasms"[Mesh]) AND "Ablation 
Techniques"[Mesh] 
 
(volumetric assessment) AND (ablation) 
 
((ablative margin) AND (liver)) AND (radiofrequency ablation) 
 
(local tumor progression) AND (ablative margin) 
 
Embase :  
 
(ablative) AND (margin) AND (radiofrequency) 
 
local AND tumor AND progression AND ablative AND margin 
 
(ablative) AND (margin) Title, abstract author keywords AND liver all fields 
 
Cochrane :  
 
local tumor progression in Title Abstract Keyword AND ablative margin in Title Abstract Keyword 
- (Word variations have been searched) 
 
"software" in Title Abstract Keyword AND "radiofrequency ablation" in Title Abstract Keyword 
AND liver in All Text 
 
“software” in Title Abstract Keyword AND “ablation” in Title Abstract Keyword AND “liver” in All 
Text  
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Appendix 2. 
 

NEWCASTLE-OTTAWA QUALITY ASSESSMENT SCALE FOR COHORT STUDIES 
 
Selection 

1) Representativeness of the exposed cohort 
a) truly representative of the average _______________ (describe) in the community * 
b) somewhat representative of the average ______________ in the community * 
c) selected group of users eg nurses, volunteers 
d) no description of the derivation of the cohort 

2) Selection of the non exposed cohort 
a) drawn from the same community as the exposed cohort * 
b) drawn from a different source 
c) no description of the derivation of the non exposed cohort  

3) Ascertainment of exposure 
a) secure record (eg surgical records) * 
b) structured interview * 
c) written self report 
d) no description 

4) Demonstration that outcome of interest was not present at start of study 
a) yes � 
b) no 

Comparability 

1) Comparability of cohorts on the basis of the design or analysis 
a) study controls for _____________ (select the most important factor) * 
b) study controls for any additional factor �  (This criteria could be modified to indicate specific                   

control for a second important factor.)  
 

Outcome 

1) Assessment of outcome  
a) independent blind assessment * 
b) record linkage * 
c) self report  
d) no description 

2) Was follow-up long enough for outcomes to occur 
a) yes (select an adequate follow up period for outcome of interest) * 
b) no 

3) Adequacy of follow up of cohorts 
a) complete follow up - all subjects accounted for * 
b) subjects lost to follow up unlikely to introduce bias - small number lost - > ____ % (select 

an adequate %) follow up, or description provided of those lost) * 
c) follow up rate < ____% (select an adequate %) and no description of those lost 
d) no statement 
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Appendix 3. 

Thresholds for converting the Newcastle-Ottawa scales to AHRQ standards (good, fair, and poor):  

Good quality: 3 or 4 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 
3 stars in outcome/exposure domain 

 
Fair quality: 2 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars 
in outcome/exposure domain  

Poor quality: 0 or 1 star in selection domain OR 0 stars in comparability domain OR 0 or 1 stars 
in outcome/exposure domain   
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Appendix 4. 
 

  

a b 

c 

d 

Appendix 4. Test 1 with Ablation-Fit 
a.Pre-PTA CT scan showing HCC at junctions of 
segment II-IV 
b.Post-PTA CT scan showing ablation zone 
c.Software interface : orange contour 
corresponds to the tumor, green contour 
corresponds to the security margins and blue 
corresponds to the ablation zone. In this case, 
the ablation zone encompasses the safety 
margin in its medial portion, but there is a 
residual tumor (in red) in its lateral portion.  
Treatment was scored 1/5, corresponding to 
an incomplete ablation with residual 
unablated tumor volume.  
d.MRI 3 months later showing residual tumor. 
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Appendix 4 bis. Test 2 with Ablation-Fit (safety margin choosen : 5 mm) 
a.Pre-PTA MRI showing hypervascular HCC b.On pre-PTA CT scan, tumor is only discreetly visible on venous phase 
c. Post-PTA CT scan showing the ablation zone  d LTP 2 years later e. Software interface showing non-safety 
margin on the same location where LTP occurred, scored 4/5 (complete ablation with 95-100% 3D safety margin) 

a b 

c d 

e 
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Appendix 5. 
 
 

Table 4 Registration Quality
References Software Success rate Grading Exclusion Criteria Affecting Other Results

(%) Registration Quality
Laimer G. et al, 202031 Ablation-fit ; R.A.W. Srl NR N Tumor no visible in CT-scan; NR

need of preinterventional image
fusion with MRI (n=55)

Solbiati M. et al, 201916 NR N NR NR
Sakakibara M. et al., AquariusNET Viewer, 95.7 N NR Unsuccessfull : 2 in left lobe (high deformity)
2014 39 version 4.4.6.50, TeraRecon 1 pre-post-MRI : blurry hypointensity in the HBP 

3 pre-post-CT : very slight enhancement in arterial phase of pre-CT
Yoon J.H. et al, 201826 HepaCare, Siemens 100 N N NR

Healthcare
Park J. et al, 201738 NR N Use of artificial ascites (n=215) This registration technique is limited in patients with a large 

Technical failure (n=13) amount of ascites
Shin S. et al, 201411 NR N Use of artificial ascites during NR

RFA (n=NR)
Kim K.W. et al, 201124 100% Y Use of artificial ascites (n=56) According to 2 different radiologists : 

3 : Good 87.3% - 90.3%  : good image quality
2 : Medium 9.7% - 12.9% : medium quality

1 : Poor 22.6% : landmark-based constraints were added
Chen C. et al, 201933 Integrated Registration, 97.9 N N NR

GE Healthcare 
Vandenbroucke F. et al, 89 N  Did not achieve adequate fusion Easily for spherical tumors 
2018 43  (n=1) Manual correction of polymorph shaped tumors 

5/45 cases challenging :  local manual adjustment  of the 
registration was repeated several times in the 3 planes,
and proved very time-consuming (up to 30min)

Makino Y. et al, 201537 CT : 67.4 NR CT fusion : 32.6%  evaluation impossible : tumor undetectable 
MRI : 93.5 (n = 19), or detectable but too inconspicuous for treatment 

evaluation on CT fusion images (n = 11)
Incidence of hypovascularity significantly greater : 
impossible 15/30 (50.0%)
MRI fusion : cause severe deformation of the liver

Makino Y. et al, 201313 NR N No apparent tumor images on NR
pre-RFA CT (n=66)

Tomonary A., et al 201242 NR N NR NR
Kaye E.A. et al, 201936 MIM MAESTRO® NR N Incompatible image format (n=4) NR

3D volumetric assessment not
performed due to sub-optimal 
rigid registration results (n = 15)

Hendriks P. et al, 201934 Mirada RTx software NR Y Lateral patient positioning on Difference in position and shape of the liver may hamper reliable
1= completely unreliable  the postablation scan (n = 11) image coregistration
2= suboptimal Coregistration quality of pre- and
3=sufficient quality but post-ablation scans  ≤3 ( n =7) 
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Sibinga Mulder B.G. et 62 not accurate enough for Technical failure (n = 3) Cause for suboptimal co-registration : difference in liver position 
al, 201940 measurements during pre- and post-ablation scan (could be due to a difference in 

4=good coregistration position of the patient or because the scans were obtained during a
5=perfect coregistration different breathing phase)

An C. et al, 201928 MITK 100 N N NR
An C. et al, 202032 MyLab Twice, Esoate 100 N Data image format is incompa- NR

tible with registration (n=9)
Images alignment deviation is 
too large to meet the actual 
situation (n=8)

Wang X.L et al, 201544 98.4 N NR Cause of error of fusion for 1/62 : significant deformation of the 
liver and massive ascites after RFA 

Jiang C. et al, 201835 Myrian; Intrasense NR N NR NR
Tang H. et al, 201529 NR N Failed image fusion data n=1 NR
Laimer G. et al, 202010 Syngo.via VB20A NR N Extensive liver deformation due NR

to stereotactic RFA of large or
multiple tumors leading to an 

inacceptable (n = 20)
Kim Y.S. et al, 201012 CT workstation : Virtual NR N Technical failure of RFA (n = 18) 23/123 tumors : unable to assess fusion

Place Advance Plus version Difficult in some cases to synchronize the 2 sets of CT images
2.03, Aze Corporation completely, because the liver is not a rigid organ

Takeyama N. et al, Volume Analyzer Synapse NR Y N Good : 53/61
2018 41 VINCENT, version 5.1, Good : no (0mm) vascular Fair :  6/61

Fujifilm Medical Systems misregistration Poor : 2/61
Fair : minimal (<2mm) in 2 HCCs with poor results were exluded due to liver deformation
less than 4 vessels and massive ascite
Poor : minimal (<2mm) in Artificial pleural effusion was used in 15 (25.4%) of 59 HCCs : 
more than 5 vessels no lesions showed registration errors.
Severe : (>3mm) in more 
than 1 vessel

Tani S. et al, 201627 Registration, fusion and NR N N NR
volumetric approach : 
3D Slicer version 4
3D distance map : ITK

Hocquelet A. et al, Segmentation : ITK-SNAP NR N NA When implemented motion compensation strategy was applied,
2017 30 freeware the average positionning error decreased from 17.3 mm± 8

Area insufficient margins :  to 2 mm±0.9
proposed a full technique Intrarater variation in positioning landmarks was 2 mm (voxel size)

Solbiati M. et al, 201847 Registration : ITK libraries NR Y NR Registration quality : 
and Elastix toolbox 1: poor / 2 : fair / Scored high : Reader 1 : 4.3 ± 0.6, Reader 2: 4.4 ± 0.5

3: satisfactory / 4: good No 1 and 2
5: excellent Perceived increase of confidence for treatment evaluation :

Higher increase of confidence 
96.1% as high or very high; 3.9% as discrete

Sandu R.M. et al, 202146 Introduced a method 100 N NR NR
Passera K. et al, 201345 Segmentation : MevisLab 80 N NR For 2 patients : not possible due to contingent image features : 

Described a method for AM 1 serous fluid effusion, 1 RFA and hepatic resection
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Résumé  
OBJECTIF - Réaliser une revue exhaustive des études cliniques évaluant un logiciel ou une 

nouvelle méthode d'évaluation des marges après thermoablation percutanée de tumeurs 

hépatiques. 

MATERIELS ET METHODES - Trois bases de données ont été utilisées : Pubmed/MEDLINE, 

Embase et The Cochrane Library. Les mots-clés étaient : "logiciel", "techniques d'ablation", 

"néoplasies hépatiques", traitement d'image", "imagerie tridimensionnelle", "évaluation 

volumétrique", "ablation", "marge d’ablation", "progression tumorale locale", "ablation par 

radiofréquence". 

Les critères d’inclusion étaient : tumeur hépatique traitée par thermoablation percutanée, dix ou 

plus patients inclus, fusion d’images CT, IRM ou ConeBeam-CT pré- et post-thermoablation, 

étude des marges d’ablation, description des étapes de fusion d’images et d’analyse. 

Après une extraction exhaustive des données des articles, celles-ci ont été analysées et 

regroupées au sein de tableaux. 

RESULTATS - 678 articles ont été recensés. Après application des critères d'exclusion, 28 

références ont été incluses. Toutes étaient monocentriques, seulement 2 étaient prospectives. 

La majorité étaient des études de faisabilité (89,29%) ou prédictives (78,57%). 

Quatre logiciels étaient capables de générer automatiquement des marges. Le temps d'utilisation 

rapporté était hétérogène (rang : 5-30 minutes voire plus). La reproductibilité inter-opérateur 

était élevée (k rang : 0.686 – 1). L'ascite, la déformation du foie, une position différente ou une 

tumeur indétectable étaient les principaux facteurs d'erreur de fusion d’images.La marge était 

souvent le seul facteur de risque de progression tumorale locale (LTP). L'évaluation visuelle 

surestimait les marges. La plupart du temps, la LTP est survenue au niveau de la marge la plus 

fine ou de la tumeur résiduelle. 

CONCLUSION - La marge d'ablation est un facteur de risque indépendant de LTP. L'impact 

thérapeutique d'un logiciel d'évaluation des marges devrait donc être d'une importance majeure. 

Le logiciel idéal d'ablation-confirmation impliquerait un flux de travail rapide et facile à utiliser, 

aussi automatique que possible, avec une grande précision. 

 

Mots clés : Logiciel, Tumeur du foie, Evaluation volumétrique, Progression Tumorale Locale, 

Marge d'Ablation, Traitement d'Image, Techniques d'Ablation, Imagerie Tridimensionnelle. 
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Serment 
 

 
 
 
 

Ø En présence des Maîtres de cette école, de mes chers condisciples et 
devant l’effigie d’Hippocrate, je promets et je jure, au nom de l’Etre 
suprême, d’être fidèle aux lois de l’honneur et de la probité dans 
l’exercice de la médecine. 

 
 
Ø Je donnerai mes soins gratuits à l’indigent et n’exigerai jamais un 

salaire au-dessus de mon travail. 
 
 
Ø Admise dans l’intérieur des maisons, mes yeux ne verront pas ce qui 

s’y passe, ma langue taira les secrets qui me seront confiés, et mon 
état ne servira pas à corrompre les mœurs, ni à favoriser le crime. 

 
 
Ø Respectueuse et reconnaissante envers mes Maîtres, je rendrai à leurs 

enfants l’instruction que j’ai reçue de leurs pères. 
 
 
Ø Que les hommes m’accordent leur estime si je suis fidèle à mes 

promesses. Que je sois couverte d’opprobre et méprisée de mes confrères 
si j’y manque. 
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Résumé  
OBJECTIF - Réaliser une revue exhaustive des études cliniques évaluant un logiciel ou une 

nouvelle méthode d'évaluation des marges après thermoablation percutanée de tumeurs 

hépatiques. 

MATERIELS ET METHODES - Trois bases de données ont été utilisées : Pubmed/MEDLINE, 

Embase et The Cochrane Library. Les mots-clés étaient : "logiciel", "techniques d'ablation", 

"néoplasies hépatiques", traitement d'image", "imagerie tridimensionnelle", "évaluation 

volumétrique", "ablation", "marge d’ablation", "progression tumorale locale", "ablation par 

radiofréquence". 

Les critères d’inclusion étaient : tumeur hépatique traitée par thermoablation percutanée, dix ou 

plus patients inclus, fusion d’images CT, IRM ou ConeBeam-CT pré- et post-thermoablation, 

étude des marges d’ablation, description des étapes de fusion d’images et d’analyse. 

Après une extraction exhaustive des données des articles, celles-ci ont été analysées et 

regroupées au sein de tableaux. 

RESULTATS - 678 articles ont été recensés. Après application des critères d'exclusion, 28 

références ont été incluses. Toutes étaient monocentriques, seulement 2 étaient prospectives. 

La majorité étaient des études de faisabilité (89,29%) ou prédictives (78,57%). Quatre logiciels 

étaient capables de générer automatiquement des marges. Le temps d'utilisation rapporté était 

hétérogène (rang : 5-30 minutes voire plus). La reproductibilité inter-opérateur était élevée (k 

rang : 0.686 – 1). L'ascite, la déformation du foie, une position différente ou une tumeur 

indétectable étaient les principaux facteurs d'erreur de fusion d’images.La marge était souvent 

le seul facteur de risque de progression tumorale locale (LTP). L'évaluation visuelle surestimait 

les marges. La plupart du temps, la LTP est survenue au niveau de la marge la plus fine ou de la 

tumeur résiduelle. 

CONCLUSION - La marge d'ablation est un facteur de risque indépendant de LTP. L'impact 

thérapeutique d'un logiciel d'évaluation des marges devrait donc être d'une importance majeure. 

Le logiciel idéal d'ablation-confirmation impliquerait un flux de travail rapide et facile à utiliser, 

aussi automatique que possible, avec une grande précision. 

 

Mots clés : Logiciel, Tumeur du foie, Evaluation volumétrique, Progression Tumorale Locale, 

Marge d'Ablation, Traitement d'Image, Techniques d'Ablation, Imagerie Tridimensionnelle. 


