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Capsule and Ablation Tract Related Features of Local Recurrence in
Ultrasound Guided Microwave Ablation of Liver Metastases

Karaciger Metastazlarinda Ultrason Esliginde Yapilan Mikrodalga Ablasyon Tedavisi Sonrasi Gelisen

Lokal Niiksiin Kapsiil ve Ablasyon Trakt ile iliskisi

Serkan Aribal !, Eyup Kaya*

Abstract

Aim: We aimed to evaluate the capsule and ablation tract related features of local recurrence after ultrasound
(US) guided percutaneous microwave ablation (MWA) of the liver metastases independently.

Methods: Between February 2016 and December 2019, 101 patients with US-guided percutaneous MWA of the
liver metastases were analyzed. Nineteen patients having thirty-two ablated lesions with local recurrence (LR)
were included in the study. Histopathologic type of tumor, pre-ablative features of the lesions and the ablation
procedure data were noted. Tumor size, the closest distance between the lesion and the liver capsule was
measured. The site of LR related to the liver capsule and related to ablation tract and the shape of the LR were
noted.

Results: The median time of LR was 8.46+4.54 months (range, 3-20). The patient (n=19) and the ablated lesion
(n=32) depended LR rates were 19% and 20% respectively. All LR of the parenchymal localized metastatic
lesions originated from either tip or the side of the ablation tract and this relationship was found as statistically
significant (p=0.035). No statistically significant relationship was found between vessel closeness and shape of
LR (p=0,704) and between the site and the shape of LR (p=0.683).

Conclusion: We demonstrated that the LR arising from parenchymal localized metastatic lesions were from
either the tip or the side of the ablation tract. We also defined some features of LR related to the ablation tract
and liver capsule independently.
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Amag: Caligmamizda karaciger metastazlarinda ultrason esliginde yapilan mikrodalga ablasyon tedavisi sonrast
gelisen lokal niiksiin karaciger kapsiilii ve ablasyon trakti ile ilgili 6zelliklerinin degerlendirlmesi amaglanmustir.
Yontemler: Subat 2016 ile Aralik 2019 tarihleri arasinda mevcut karaciger metastazina US rehberliginde
perkutan mikrodalga abalasyon tedavisi yapilan 101 olgu retrospektif olarak degerlendirildi. Toplam 32 lokal
niikse sahip ablate lezyonu bulunan 19 hasta ¢aligmaya dahil edildi. Metastazlarin histopatolojik tipleri, ablasyon
oncesi Ozellikleri ve ablasyon iglemine ait bilgiler not edildi. Tiimoriin boyutlart ve tiimor ile karaciger kapsiilii
arasindaki en kisa mesafe Olgiildii. Lokal niiksiin karaciger kapsiiline ve ablasyon tarktma gore tarafi ve
yerlesimi ile sekil 6zellikleri degerlendirildi.

Bulgular: Ortanca lokal niiksstiresi 8.46+4.54 ay (3-20 araliginda) olarak bulundu. Hasta ve lezyon bagimli lokal
niiks oranlar sirastyla 19% ve 20% idi. Parankim igi yerlesimli lezyonlara ait lokal niikslerin tiimii ablasyon
traktnin ucu ya da yaninda yerlesimli olarak bulundu ve bu iliski istatistiksel olarak anlamliyd: (p=0.035).
Damar yakinlig ile lokal niiksiin sekli ve lokal niiksiin tarafi ile sekli arasinda istatistiksel olarak anlaml iliski
saptanmadi (sirastyla p=0.704 ve 0.683).

Sonug: Caligmamizda parankimal yerlesimli lezyonlardan gelisen lokal rekiirrensin hepsinin ablasyon traktinin
uc ve yan kesimlerinden gelistigi ortaya konulmustur. Ayrica lokal rekiirrensin karaciger kapsiilii ve ablasyon
trakti ile iliskili bir takim 6zellikleri ve bu bulgularin birbiri ile ilgili iliskileri ortaya konuldu.

Anahtar Kelimeler: Lokal rekurrens, mikrodalga ablasyon, ablasyon trakt, karaciger metastazlari, karaciger
kapsiilii
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Introduction

Because of being quite often site for the distant
metastasis of the primary tumors, especially for colorectal
metastasis (CRM), the liver takes an important place in the
treatment strategies of cancer to have good long-term outcomes
(1-3). Surgical resection is the first-line and the gold standard
therapy for patients with liver metastasis (4,5). However, only
one-fourth of the cases are deemed resectable at presentation (6).
Apart from systemic therapies, local and regional treatment
options have been a good alternative for these patients. When
compared to surgery, locoregional procedures are minimally
invasive treatment choices and the most prominent advantage
over surgery is being a less adverse effect on liver functions by
their hepatocyte sparing features. Nevertheless, the biggest
disadvantage is their inferior local tumor control rates resulting
recurrence (7).

There are many risk factors for local recurrence (LR)
such as tumor size, histopathologic type, ablation zone,
segmental distributions, presence of an adjacent vessel, ablation
method used, described and analyzed in previous studies (8,9).
As might be expected, subcapsular tumor localization is another
significant and independent factor associated with LR (10,11).
On the other hand, there are also a couple of studies suggesting
that the subcapsular localization is not a significant factor for LR
and poor survival rates (12,13). To the best of our knowledge,
there is no study focused on the capsule and ablation tract
features related to LR following the thermal ablation (TA) of
liver metastasis.

The purpose of this study was to evaluate the capsule
and ablation tract related features of local recurrence after
ultrasound (US) guided percutaneous microwave ablation
(MWA) of the liver metastases independently.

Material and methods

This retrospective study was approved by the local
ethics committee. Informed consent has been obtained from all
patients. It is confirmed by the author that the study is
appropriate for the Declaration of Helsinki Standards.

Study Population: Between February 2016 and
December 2019, 101 patients with US-guided percutaneous
MWA of the liver metastases were analyzed with both their
patient files including the whole follow—up information and all
radiological images on local Picture Archiving and
Communication System (PACS). All thermal ablation treatment
decisions of the liver tumors are taken by the multidisciplinary
local tumor board formed by the specialist in medical oncology,
hepatopancreatobiliary surgery, nuclear medicine, radiation
oncology, radiology and interventional radiology. The only
inclusion criterion is to be having at least one lesion with MWA
after a single session of TA. Among them, nineteen patients
having thirty-two ablated lesions with LR were included in the
study. Seventy-one patients having one hundred and five ablated
lesions with no LR, seven patients having ten ablated lesions
with residual tumor rather than LR after MWA and four patients
having six ablated lesions with a short follow-up period (< 3
moths after MWA) due to non-follow up or death are excluded
from the study population. In addition, the patients in the study
group had also four thermal ablated lesions with no evidence of
LR (Figure 1).

Pre-procedural Assessments: Every single patient
decided to perform percutaneous TA was referred to
interventional radiology service for further evaluation. The

patients underwent ultrasound and doppler ultrasound evaluation
to plan the ablation and the procedures accompanied by the

N: 101 patients
(157 ablated lesions)

Excluded

N: 7 patients with residual
tumor (10 ablated lesions)

N: 4 patients with short follow-
up period (6 ablated lesions)

Local Recurrence (LR)

Yes No

| |
N: 19 patients N: 71 patients
(32 ablated lesions with LR) (105 ablated lesions)

(4 ablated lesions without LR)

Figure 1: Study flow chart.

findings of contrast-enhanced (CE) triphasic liver computed
tomography (CT) or dynamic CE liver magnetic resonance (MR)
scans which were obtained within 1 month before the TA
procedure. Identifications of metastases in the patients whose
primary tumor was known were made according to imaging
findings such as contrast wash-out throughout the dynamic series
wiyhout any biopsy procedure. Depending on the localization of
the tumor, the thermal ablation suitability criteria were accepted
as follow: solitary tumors of up to 5 cm and up to 3 tumor
measuring <3 cm. The general condition of the patients was
evaluated according to Child-Pugh classification and Eastern
Cooperative Oncology Group (ECOG) performance scale to
make the final decision for the procedure. Additional findings
such as ascites, adjacent structures (vascular, colon, gall bladder,
etc.) were documented to plan all steps of procedures in detail.
After exhaustive information about the TA procedure and taking
some blood samples including whole blood count, bleeding and
coagulation parameters, they were directed to anesthesia service
for the convenience of anesthesia.

Thermal Ablation Procedure: All thermal ablation
procedures were performed with percutaneous MWA using only
US guidance under general anesthesia. 15-gauge electrodes with
2.45 GHz Solero and Acculis MWA generators (Angiodynamics,
New York, USA) was the MWA systems used during the
procedures. Aplio 500 ultrasound system (Toshiba Medical
Systems Corporation, Tochigi, Japan) had been used with 3-6
Mhz convex or 4-9.2 Mhz linear array transducers for ablation
guidance. In the presence of acid, percutaneous drainage was
applied just before the procedure. Following the local and
subcapsular anesthesia and a skin puncture, the ablation probe
was advanced towards the center of the targeted lesion. Once the
probe tip was positioned at the intended ablation zone, two
interventional radiologists checked whether the lesion had been
centralized or not from different plans by ultrasound probe
maneuvers. After ensuring the probe centralization by consensus,
the TA process was begun with general anesthesia. The ablation
energy and duration were selected according to the targeted
tumor ablation size and location using standard algorithms by
aiming at least 5 mm of each margin around the tumor.
Immediately after the ablation period was accomplished, the
procedure was completed by performing tract ablation for the
section up to the liver capsule

Follow-up: All patients were followed by triphasic liver
CT scans or dynamic CE MR imaging performed on the first day
after ablation, quarterly in the first 2 years, and biannually
thereafter for follow up. Besides, the US and Doppler US
imaging were performed at the time of each follow-up
admissions and patient files were examined in detail. LR was
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defined as the pathologic contrast enhancement at any site of
ablated lesion in the control CT or MR imaging after 3 months.
Any lesion before this period was accepted as residual tumor
rather than LR. We didn’t perform biopsy procedure to make
definitive diagnosis according to our hospital’s tumor board
decisions. In the case of suspicious imaging findings for LR,
diffusion-weighted (DW) MR and Positron Emission
Tomography (PET) scans were also applied.

Definitions and Data Obtaining: Age and gender of
the patients were recorded. All ablated lesions were assessed
prospectively in terms of the histopathologic type of primary
tumor, pre-ablative tumor size and volume, post-ablative tumor
size and volume at the first day after ablation and at the time of
LR, presence of blood vessel proximity and the diameter of the
vessel(s), liver segmental location, the closest distance to the
liver capsule, type of LR, capsule and ablation tract related
features of LR.

Histopathologic type of tumor, ablation procedure data,
the segmental localization of the tumor according to Couinaud
classification system and time of post-ablation LR were noted.
Tumor size was measured in three dimensions; width (W), length
(L) and height (H) using multiplanar reconstructed (MPR) CT or
axial and coronal MR images and the volume (V) of the lesions
was calculated using the following formula V=W x L x H x w/6.
The vessels closer than 10 mm to the lesions and their diameters
were recorded. The closest distance in any image plan (axial,
coronal or sagittal images) between the lesion and the liver
capsule was measured. Subcapsular location was defined as a
tumor lying within 10 mm of the liver capsule. Otherwise, it will
be accepted as a parenchymal lesion. The site of LR related to
the liver capsule was classified as capsular and noncapsular
according to a straight line passing through the center of the
lesion and parallel to the liver capsule (Figure 2A). The site of
LR related to the ablation tract was classified as entry, tip and
side (Figure 2B). Lastly, the shape of the LR was categorized
into two patterns: nodular, crescentic (Figure 2C,D).

Figure 2: The classification of the local recurrence site as capsular and
noncapsular according to liver capsule (A). The lesion was accepted as
capsular side in case the large part of the LR was located within the
capsular side of the straight line passing through the center of the lesion
and parallel to the liver capsule. Otherwise it was accepted as
noncapsular side. The classification of the local recurrence site (B) as
entry (blue arrow), tip (black arrow) and side (white arrows) according
to ablation tract (red arrows). Entry is accepted as the site which the
ablation probe first enters to the lesion. Tip is accepted as the site which
the ablation probe’s last position immediately before the ablation and
the side is defined as the both sides of the ovoid ablation zone. The
shape of local recurrence (C,D) as nodular (black arrow) and crescentic
(red arrows). White stars indicate the ablation zones of each lesions.

Statistical Analysis

The parametric data were presented as mean + standard
deviation values. Analysis of categorical variables was
performed using the Chi-square test. Fisher Exact test was
applied when more than 20% of the expected values were below
5. All the results were evaluated in the 95% confidence interval
and the statistical significance level was defined as p-value <
0.05. All statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS Inc., Chicago, IL) version
21.0 for International Business Machines (IBM) statistical
package.

Results

The characteristics of the study population and the ablated
metastatic lesions are presented in detail in table 1. About one
third (35%) of the LR was located in segment 6 (n=11/32).
Figure 3 represents the Couinaud's segmentation of the
metastases with LR. Fourteen new liver metastases were detected
in the follow-up imaging when the LR was detected in eight of
nineteen patients. Of thirty-two ablated metastases with LR,
sixteen lesions (50%) showed the presence of blood vessel
proximity and the mean distance between the lesions and vessels
was 1.04£1.90 mm. The median time of LR and follow-up were
8.46+4.54 months (range, 3-20) and 19.62+10.26 (range, 6-40)
months respectively. The patient (n=19) and the ablated lesion
(n=32) depended LR rates were 19% and 20% respectively. The
capsule and ablation tract related features of the LR were
detailed in table 2. The ratio for the LR arising from subcapsular
localization was found as 69%. Also, 72% of the LR from the
subcapsular located metastatic lesion was found in the capsular
side (Figure 4). But we couldn't find the statistically significant
relationship between the subcapsular LR occurrence and the
subcapsular localization of the metastatic lesions (p=0.683, table
3). All LR of the parenchymal localized metastatic lesions
originated from either tip or the side of the ablation tract and this
relationship was found as statistically significant (p=0.035, table
4). No recurrence was detected from the ablation tract entry of
these lesions. The LR was developed on the side of the vessel in
eight of sixteen metastatic lesions (50%) with vascular closeness
before MWA ablation (p=0.315) (Figure 5). In addition to these,
no statistically significant relationship was found between vessel
closeness and shape of LR (p=0,704) and between the site and
the shape of LR (p=0.683) (table 5). None of the patients with
LR had major complications after the procedure. Focal
subcapsular hematoma in one patient, reactive perihepatic fluid
in three patients and ipsilateral reactive minimal pleural effusion
in two patients were noted. None of the minor complications
described in these patients required any additional treatment and
further evaluation.

Figure 3: Couinaud’s segmentation of the metastases with LR
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PRE-ABLATIVE 12:MONTH FOLLOW UP

Figure 4: 46-years-old female patient with liver metastases of breast
cancer. There are two metastatic lesions located in segment 6 (A and B).
Computed tomography (CT) image on the first day after microwave
ablation showed the ablation zones with no evidence of residual
tumor(C). But in 12th month control, axial (D) and coronal (E) CT
images demonstrated the local recurrence. Nodular shaped LR at the
entry zone of ablation tract with noncapsular site localisation (white
arrow in D) and nodular shaped LR at the side zone of ablation tract
with capsular site localisation (white arrows in E).

o

6.MONTH FOLLOW UP 12.MONTH FOLLOW UP

Figure 5: 53-years-old male patient with liver metastases of colon
cancer. Pre and post-ablative computed tomography (CT) and magnetic
resonance (MR) images of two metastatic lesions located in segment 6
(A-D) and segment 4A (E-H). There was no evidence of local
recurrence (LR) for both lesions in 1st and 6th months follow-ups. In
addition to this, the CT images showed the volume reduction of two
lesions. But, control contrast-enhanced liver MR images at the time of
12th month follow-up showed the crescentic shaped LR on noncapsular
site for the lesion in segment 6 (white arrow in D) and crescentic shaped
LR on capsular site for the lesion in segment 4A (white arrow in H).
Note that, while the LR in segment 6 developed from the site of vascular
proximity (black arrow in C), the LR in segment 4A developed from the
other site of the adjacent vascular structure (black arrow in G).

Table 1: The characteristics of the study population and ablated
metastatic lesions.

Variables Total / Mean+SD
Patient (total) 19
Male/Female 13/6
Lesion (total) 32
Male/Female 20/12
Age (years) 56.21+10.84
Female Age (years) 48.50+8.36
Male Age (years) 61.30+9.78
Primary malignancies 32
Colorectal 25 (79%)
Breast 2 (6%)
Lung 2 (6%)
Liver/Biliary 3 (9%)
Subcapsular localisation 17 (53%)
Parenchymal localisation 15 (47%)
Tumor volume 5.144+5.09
(pre-ablative, mm?)
Tumor volume 21.48+12.60
(post-ablative 1st day, mm?)
Tumor volume 22.45423,48
(at the time of LR, mm?)
Time of LR (months) 8.46+4.54

SD : Standart Deviation, LR: Local Recurrence

Table 2. The capsule and ablation tract related features of the local
recurrence.

Variables Total N= 32 (%)
Shape
Nodular 22 (69%)
Crescentic 10 (31%)
Tract Features
Entry 8 (24%)
Side 12 (38%)
Tip 12 (38%)
Capsular Features
Capsular site 22 (69%)
Non-capsular site 10 (31%)
Vessel Proximity
No 16 (50%)
Portal Vein 7 (22%)
Hepatic Vein 9 (28%)

Table 3. Relationship between the lesion localization and the site of
local recurrence.

Lesion Local Recurrence (site)

L Total : P value
Localization Capsular | Noncapsular
Subcapsular 16 6 22
Parenchymal 6 4 10 0.683
Total 22 10 32

Table 4. Relationship between the lesion and the ablation tract
localizations of local recurrence.

L 4

Lesion Local Recurrence Total P

Localization (Tract) value
Tip + Side | Entry

Subcapsular 14 8 22 0.035

Parenchymal 10 0 10

Total 24 8 32

Table 5. Relationship of the shape of local recurrence between the lesion
localization and the vascular closeness.

Local Recurrence (shape) | Total : P
Lesion Localization Nodular : Crescentic value
Subcapsular 17 5 22 | 0.683
Parenchymal 5 5 10
Total 22 10 32
Vascular Closeness
No 12 4 16 0.704
Yes 10 16
Total 22 10 32
Discussion

We have demonstrated in our study that there was not a
specific shape and side features of LR related to both the liver
capsule and the ablation tract. To the best of our knowledge, the
present study was the first one which was evaluated the ablation
tract and the liver capsule related features of LR after US-guided
percutaneous MWA of the liver metastases independently.

When it is considered that the large part of the liver
metastases is technically inappropriate for surgical resection,
locoregional treatment strategies have been taken their place in
the management of these patients as a minimally invasive choice
(6,14). However, when compared to surgery, the prominent
disadvantage of these locoregional procedures is their inferior
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local tumor control rates resulting in recurrence (7). There are
several studies reporting that the thermal ablation methods
showed similar results to surgical treatment in patients with
colorectal cancer liver metastases less than 1 c¢cm and even
superior to surgery in noroendocrine tumor metastases
(10,12,15). Apart from the patient status such as systemic
treatments and the primary tumor depended features, it is
important to understand the local environmental changes and
features of the LR to improve the thermal ablative treatment
procedures and to obtain some new treatment strategies related to
approach and the ablation zone.

We found the patient-depended LR rate as 19% and
lesion-depended LR rate as 20% in our study. Xu et al. reported
that LR was discovered after ultrasound-guided MWA treatment
in half of the patients in their study about ultrasound-guided
percutaneous microwave ablation for intrahepatic
cholangiocarcinoma (16). Although the reported LR rate was
higher than our results, we think this was due to the prognostic
feature of this specific tumor type in their study. In another study
about the laparoscopic ultrasound-guided MWA for multifocal
primary liver cancer, the LR ratio was reported as 12.5% which
was lower than our result (17). In a very recent study which was
about the comparison between the percutaneous and laparoscopic
approaches in MWA, it is mentioned that the local tumor
progression rates were 21.1% and 7.7% in percutaneous and
laparoscopic approaches respectively (18). Therefore, it is clear
that the laparoscopic thermal ablation methods are technically
superior to percutaneous methods in terms of LR occurrence. On
the other hand, Lorentzen et al. reported that the LR rates can be
reduced up to 9.6% when contrast material usage is added to
ultrasound guidance (19).

The basic mechanism of MWA is the transmission of
electromagnetic energy produced by the generator to the active
tip of the probe which is positioned within the lesion throughout
the tract to produce intratumoral adequate heat which denatures
the intracellular proteins and cell membranes. The heat is
dissipated centrifugally around the probe tip resulting in the
formation of ablation zones (20). Considering this basic principle
of the thermal ablation procedure, the features of the ablation
zone and the ablation tract could give some ideas about the local
tumor progression. Although we couldn't find a statistically
significant relationship between the data, most of the LR was
occurred either in the tip (38%) or the side (38%) of the ablation
tract rather than the entry zone (24%) of the ablation tract in the
present study. When considered that the occurrence of the
ablation zone (depending on the MWA system) first starts at the
active tip of the probe and radiates towards both sides and
posteriorly throughout the ablation probe settled in the ablation
tract, the idea of positioning the ablation probe a little further by
considering the safety limits and planning the ablation zone a
little wider than the accepted standards can be discussed. We
also found that almost all of the LR developed from the tip of the
ablation tract were nodular in shape.

In thermal ablation practice, especially with US-
guidance, both the subcapsular lesions and the sections of the
lesion close to the liver capsule are sometimes disadvantageous
places for the performer in terms of approaches and
manipulations (21). The physicians usually prefer to use some
assistive techniques such as hydrodissection to protect the liver
capsule for an undesired and extrahepatic ablation (22).
However, sometimes this discreet approach may cause the tip of
the ablation probe not to be advanced and positioned well
enough. Supportively, it is reported in some studies that the
subcapsular tumors are associated with a higher rate of local
tumor progression after thermal ablation because of the inability
to achieve required tumor-free ablation margin (11,23).

However, it is also reported that there is no definitive evidence
about the increase of local progression rate after thermal ablation
in the capsular side of a peripheral tumor (24,25). We
demonstrated in our study that about three out of four (69%) of
the LR were seen at the capsular side of the ablation zone.

Another definition that could cause some technical
problems directly effective on the ablation success is the "heat
sink effect" due to the adjacent vessel (26). The blood flow with
a relatively lower temperature within the lumen of the vascular
structure near the ablation zone reduces the heat which is
radiating through the ablation zone. In another word, it creates a
cooling effect that will result in inadequate ablation. In this case,
the development of a possible local recurrence will not be a
surprise at all. This effect is more likely to be in radiofrequency
ablation rather than the MWA (27). On the other hand, some
authors did not report an association between the heat sink effect
and MWA (28,29). Although we didn't determine any
statistically significant relationship, the presence of blood vessel
proximity was demonstrated in half of the ablated lesion with
local recurrence in our study.

There are several limitations to our study that should be
noted. First and the main limitation was the small sample size.
Although we demonstrated some valuable results in percentages,
it will be needed a larger sample size to have statistically
significant data in future studies. Second, we only evaluated the
patients who underwent the thermal ablation with only the MWA
system and using only ultrasound guidance. No other imaging
modalities and thermal ablation methods were analyzed. Third,
no further evaluations were made related to histopathological
types of lesions due to the small sample size. Forth, the
performer dependent properties of the ablation procedure were
not evaluated. Last, since we aimed to define the ablation tract
and the liver capsule related features of LR which has been
already occurred rather than evaluating the predisposing factors
of LR occurrence, we didn't note the clinical parameters such as
systemic chemotherapy treatment, presence of other distant
metastases. In future studies, relationship between the features of
LR and the clinical status of the patiens could be evaluated.

In conclusion, we have discussed and defined some
features of LR related to the ablation tract and liver capsule
independently such as the relation between the recurrence and
the blood vessel proximity, side of the LR throughout the
ablation tract and its relation with the liver capsule. In future
studies, defining these features detailly with large cohorts would
offer an insight into the development of the thermal ablation
methods and treatment strategies.
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