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Background: Early stage liver cancer is often treated with hepatic resection or transplantation for curative
intent. Mlicrowave ablation (MWA) is often performed in patients who are poor surgical candidates, patients
with limited multifocal disease, disease close to hepatic vasculature, but can also be performed with curative
intent in case of small lesions. The purpose of this study is to evaluate safety and efficacy of MWA of liver
tumors with final ablation zone <5 mm from the heart.

Methods: A retrospective review was conducted on patients with hepatic cancer who underwent MWA
between 1/2015 and 6/2019. Patients with a final ablation zone <5 mm to the heart were included. For
these patients, imaging obtained prior, during and after procedure along with procedure reports were used
to identify tumor and ablation characteristics, and electronic medical records were used to identify patient
demographics and disease status.

Results: A total of 17 patients had liver tumors with ablation zone <5 mm to the heart. Mean lesion size
was 18.2 mm (range, 10-33 mm) and mean follow-up period was 10.4 months. Of note 82% of patients
had multifocal disease at time of MWA of lesion close to the heart. Two patients had pneumothorax, one of
which required chest tube placement. None of the patients had cardiac arrhythmias or other complications.
Overall 12/17 of the patients had disease progression within the liver at different sites from ablated lesions.
One patient had residual disease and one had local recurrence. In addition, 4/17 patients, had no disease
progression or recurrence and one underwent liver transplantation prior to follow-up imaging.
Conclusions: MWA of liver lesions with ablation zone <5 mm to the heart is safe and effective, however, it
can be technically challenging.
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Introduction

Incidence of primary liver cancer [comprised mostly of
hepatocellular carcinoma (HCC) and cholangiocarcinoma]
has been increasing from 2007 to 2016, however, rate
of increase has slowed recently (1). It is now fifth most
common cause of cancer death in men and seventh most
common cause in women (2). HCC accounts for ~75% of
primary liver cancers. Overall incidence has tripled from
1980 to 2016 while mortality rate has doubled during the
same time period (2). However, liver cancer secondary to
metastases is more common than primary liver malignancy.
Most common cancers that metastasize to liver include
gastrointestinal malignancies particularly colorectal
adenocarcinoma followed by adenocarcinomas of unknown
origin, breast adenocarcinoma, and lung cancer (3).

Gold standard for treatment of liver cancers (primary or
metastatic) is currently surgical resection or transplantation
if early stage, localized lesions, and in patients with good
liver function (4). However, in poor surgical candidates,
non-resectable tumors, or in advanced stage disease,
additional treatment modalities are available including
ablation, chemoembolization, and radioembolization or a
combination of the treatments. Ablation can be curative for
patients with early-stage liver cancer (including primary and
metastatic disease) and can be first line treatment in patients
with small tumor size, location with easy accessibility and
distant from biliary tree (5). There are several guidelines
in place that recommend using of ablation for curative
intent for both primary and metastatic liver cancers (6-8).
The Barcelona Clinic Liver Cancer guidelines recommend
ablation for single HCC that is <5 c¢m in diameter or
multifocal HCC (up to three lesions) that are <3 cm each
in diameter as long as there is no extrahepatic metastatic
disease and portal vein invasion (9). The National
Comprehensive Cancer Network guidelines for colon cancer
recommend ablation for metastatic liver lesions from colon
cancer if <3 cm in size, with easy accessibility and distant
from biliary tree (6-8). Ablation can also serve as a bridge to
transplant and is typically reserved for patients who are poor
surgical candidates due to comorbidities such as cirrhosis,
portal hypertension, poor liver function, multifocal
liver disease, and in prohibitive tumor locations (10).
This study will focus on microwave ablation (MWA) of
primary HCC and liver metastases.

MWA has been shown to be safe and effective in
treatment of liver cancer and has similar rates of overall
survival and disease-free survival when compared to hepatic
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resection, with fewer complications, decreased blood
loss, decreased time of procedure, and faster recovery
(5,11). Size of ablation margin has been shown to be an
independent predictor for local tumor progression in both
primary and metastatic liver lesions. One study has shown a
minimum ablation margin of at least 3 mm to decrease risk
of local tumor progression with radiofrequency ablation
for primary HCC (12). Most studies have demonstrated
a margin of 5-10mm as the optimal ablation margin size
(regardless of whether radiofrequency or MWA was used)
to decrease risk of local disease progression in case of
both primary and metastatic liver lesions (13,14). A recent
meta-analysis demonstrated that hepatic resection had
lower rates of local tumor recurrence when compared to
MWA which was attributed to wider margins obtained
with hepatic resection particularly with large tumors,
however ablation also resulted in fewer complications
compared to surgical resection (5,15). Also notable is that
MWA is often performed in patients who are poor surgical
candidates due to multiple comorbidities including cirrhosis
and portal hypertension, who have multifocal disease, or
lesions close to vasculature (5). Ablation in combination
with chemotherapy has also shown to offer patients
improved overall survival and disease-free survival (similar
to results from post-surgical resection) when compared to
chemotherapy alone (15). Moreover, MWA has been shown
to be safe and effective even when lesions are located close
to the heart, diaphragm, and hepatic hilum (16). Only one
other study has looked at the safety and efficacy of MWA
of liver lesions close to the heart (17). The purpose of this
study was to evaluate the safety and efficacy of MWA of
hepatic dome liver lesions deemed to pose cardiac risk
during MWA, defined as lesions with ablation zones within
5 mm or less from the heart. We present the following
article in accordance with the STROBE reporting checklist
(available at http://dx.doi.org/10.21037/tgh-20-314).

Methods
Patient selection and data collection

Following approval by the Institutional Review Board
(42415), a retrospective study was performed on all patients
who had MWA for hepatic cancer between 1/2015 and
6/2019 at a single tertiary center. The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by institutional review
board of University of Kentucky (42415) and individual
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consent for this retrospective analysis was waived.

Exclusion criteria included lesions with final ablation
zones >5 mm from the heart. For the purpose of this
study, lesions with ablation zones <5 mm to the heart were
considered as lesions with close proximity to heart. To
our knowledge, only two studies have focused on lesions
close to heart (16,17). In one study, only two lesions were
considered in close proximity to heart and both lesions were
immediately retreated with TACE post ablation due to
residual disease given the proximity to heart and challenging
technique (16). The second study compared lesions with
ablation zone <5 mm to the myocardium and clinically
these treated lesions had similar local tumor progression as
lesions located in periphery distant from the heart (17). As
a result, the current study adapted the inclusion criteria as
ablation zone <5 mm to the heart. In addition, this criterion
also allows for adequate margin size of 5-10 mm that has
been shown to be safe and to decrease risk of local tumor
progression.

Computed tomography (CT) and magnetic resonance
(MR) imaging obtained prior, during and after procedure
along with procedure reports were used to identify tumor
size, ablation zone size, power of ablation, ablation time,
distance from the heart, and presence of residual disease.
Electronic medical records were reviewed for patient
demographics, complications, clinical success, and disease
recurrence for each patient.

A total of 376 unique MWA sessions were identified
from January 2015 to June 2019. A total of 17 patients
had liver tumors with ablation zone <5 mm to the heart;
the remaining 359 sessions were excluded due to >5 mm
distance from the heart. Of these 17 patients, 12 had primary
HCC, 4 patients had liver metastases arising from colorectal
cancer and one patient had liver metastasis from bladder
cancer. Of these 17 patients, 82% also had multifocal
disease (defined as at least two distinct liver lesions) at
time of ablation of liver lesion close to the heart. Mean
age of patients at time of MWA was 67 years with 82%
of the patients being male. Mean lesion size was 18.2 mm
(range, 10-33 mm), mean distance of ablation zone to
the heart is 3 mm, mean spherical ablation size is 3.7 cm,
and median follow-up period was 11 months with a range
of 0-23 months (mean of 10.4 months). In this study,
residual disease was defined as disease present at the same
area of ablation in the immediate 1-month follow-up
period indicating a lack of complete response to MWA.
Local tumor recurrence was defined as recurrence at the
ablation zone found beyond the one-month follow-up
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(after initial one month imaging demonstrating complete
response). Finally, disease progression was defined as disease
recurrence at other areas beyond the ablation zone.

Technique

Pre-procedure CT scan was performed to re-identify
lesions. In patients whose lesion was difficult to discern,
intravenous iodinated contrast media was administered
to localize the lesion. Once lesion was identified, sterile
technique was performed. A microwave antenna (15/20
cm Medtronic single antenna Emprint™ thermosphere
technology, Covidien, Boulder, CO, USA) was inserted
into the liver lesion under CT or ultrasound guidance.
Once position of the microwave probe was confirmed,
MWA was performed at varying powers and times based
on lesion location and size. In some patients depending
on size of lesion, microwave antenna was repositioned to
perform overlapping ablation zones to increase coverage.
Ablation area was planned to provide a margin of 5-10 mm
for each lesion based on pre-procedural and intraprocedural
imaging. In some instances, additional pre and post-
procedural contrast-enhanced CT scans were obtained to
better assess ablation margins. CT fluoroscopic images
were obtained during ablation and post-ablation scan was
performed to assess for any acute post-op complications.
Technical success is defined as adequate ablation of tumor
with acceptable margin and was verified with immediate
post procedural CT scan with and/or without contrast
administration.

Measuring distance to the beart

Distance from ablation zone to the heart was measured
using multiple views to localize center of ablation and its
location from the heart. First, the size of ablation zone was
identified. Next, using the radiology workstation (McKesson
Corporation, Irving, TX, USA), axial images were used
to reconstruct the series into coronal and sagittal views to
obtain a three-dimensional view of the ablation area. Using
intra-procedural axial CT images, the emission point of
microwave antenna was used as the center of ablation with
crosshairs corresponding to the area in coronal and sagittal
views. Distance from the center of the ablation zone to
the heart was measured in all three views (axial, coronal,
and sagittal). Radius of the final ablation zone and distance
from center of ablation to the heart were gathered and only
lesions with final ablation zone distance of <5 mm to the
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Figure 1 Localization of primary hepatocellular carcinoma and proximity to the heart. (A) Pre-procedural positron electron tomography/

computed tomography (CT) scan demonstrating 11 mm hypermetabolic hepatic lesion (black arrow) in a patient with primary hepatocellular

carcinoma. (B) Perioperative CT fluoroscopic imaging demonstrating 4.2 cm spherical zone of ablation (star) with crosshairs centered on the

emitter of the microwave antenna. (C) Post-procedural coronal CT image that corresponds to the center of ablation zone. Yellow crosshairs

were localized to the same point as center of ablation zone in this coronal view. Distance from center of ablation zone to the heart was

measured. It can be noted on the coronal view the center of ablation zone to the heart measures 25 mm in radius corresponding to <5 mm

distance from the heart.

heart were included. Examples of how the technique was
carried out is demonstrated and explained in Figures 1,2.

Statistical analysis

Statistical analysis was performed using Microsoft Excel
version 2016 (Microsoft, Redmond, WA, USA). Overall

mean and standard deviations were calculated.

Results

Seventeen patients were included in the current study
based on inclusion criteria of ablation zone <5 mm to the
heart. Only two patients had pneumothorax post-procedure
with one patient requiring chest tube placement while
the other patient required no further intervention. Based
on the Society of Interventional Radiology criteria for
complications, none of the patients had major complications
and only three patients had minor complications in the form
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of pneumothorax (18). None of the patients had any cardiac
arrhythmias, and no other major or minor complications
occurred in these patients as defined by Society of
Interventional Radiology criteria. None of the patients were
readmitted for MWA complications within the 1-month
post-procedure period. There was a 100% technical success
rate.

Of note 14/17 (82%) of the patients had multifocal
disease at time of MWA with some patients having
undergone prior TACE procedures, radioembolization
and/or hepatectomy as deemed appropriate following
multidisciplinary discussion based on patient’s clinical status
and disease progression. As a result, local recurrence and
disease progression were made on a per lesion analysis to
delineate recurrence related to only lesion of interest close
to the heart.

Overall 12/17 (71%) of the patients had disease
progression within the liver outside of the ablation zone.
While this study’s overall disease progression is high at 71%
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Figure 2 Ablation of hepatocellular carcinoma. The following images are from a patient with 11 mm left hepatic lobe lesion that was

primary hepatocellular carcinoma. (A) Peri-operative computed tomography (CT) image demonstrating 4.2 cm spherical ablation zone

(vellow star) with crosshairs centered to emission point of microwave antenna. (B,C) Post ablation CT venous phase demonstrating ablation

cavity in coronal (B) and sagittal (C) views. Crosshairs and distances are highlighted in coronal (B) and sagittal (C) views demonstrating a

distance of 24 and 23 mm respectively between centers of ablation zone to the heart in a patient with 4.2 cm spherical ablation zone. Thus,

in both coronal and sagittal views, the distance of the final ablation zone was <5 mm to the heart.

(12/17), this was confounded by the presence of multifocal
lesions in 82% of the patients. Progression occurred
anywhere from 1-23 months from time of procedure. One
of these 12 patients (8%) had residual disease at the site of
ablation zone as well as disease progression at other sites
within the liver. This patient had undergone two prior
TACE procedures prior to MWA of the lesion close to the
heart. Given that patient had residual disease despite MWA,
patient underwent a third TACE procedure followed by
radioembolization. Another of these 12 patients (8%) had
local disease recurrence at 8-month follow-up in the area of
ablation zone that was absent at the 2-month or 5-month
follow-up imaging. This second patient was treated with
TACE followed by radioembolization. One patient (1/17)
underwent liver transplantation prior to follow-up imaging.
Remaining 4/17 patients (24%) had no residual disease,
recurrent disease or disease progression within the liver with
follow-up ranging from 4-18 months. 7zble I demonstrates
time frame at which residual disease developed as well as
mortality and number of patients lost to follow-up at each
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time period. Deaths were not a result of MWA, but rather
due to patients opting for hospice, progression of disease
or cardiopulmonary arrest. In most instances, cause of
death was not documented, but likely due to overall disease
progression.

Discussion

MWA for liver cancer has been performed at high-risk
locations including close to the heart, diaphragm, abdominal
wall, bowel, hepatic hilum (4,17). To minimize risk of
damage to non-target organs, ancillary maneuvers such as
hydrodissection and hydropneumothorax have been used to
increase the distance between the ablation zone and organ
at risk for damage. Hydrodissection involves injection of
fluids into the surrounding third space such as peritoneum
to increase distance between ablation zone and non-target
organ such as diaphragm, pleura, or even bowel (4,19). Since
these fluids collect into a dependent portion, continuous
administration is required throughout the length of the
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Table 1 Time frame of disease recurrence/residual disease
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. Number of patients with no residual disease at site
Follow-up period

Number of deaths Number of patients—loss to follow-up

of ablation
1-month 15/17 (88%)
3-month 12/17 (71%)
6-month 11/17 (65%)
1-year 717 (41%)

0
0

o W o

1

1 2

Demonstrates time frame at which residual disease developed. Table also provides information regarding number of deaths and number of

patients who were lost to follow-up at each time interval.

procedure to maintain distance created by fluid as well as to
provide a cooling effect during the procedure (4). While in
some patients the fluid is absorbed over the following few
days, some may require paracentesis after the procedure
(4,19). Other techniques include artificial pleural effusion
and iatrogenic pneumothorax. Former is used for hepatic
dome lesions that are in direct contact with diaphragm. In
this case, fluid is injected into the pleural space to increase
distance between ablation site and diaphragm (19). Similar
to the fluid, air can be injected into pleural space to create
iatrogenic pneumothorax to minimize damage to lung
during ablation (19). Other techniques including traversing
through the epicardial fat pad (often >1 c¢m in diameter in
thickness) have been shown to be technically successful in
radiofrequency ablation of hepatic dome lesions (17,20).
MWA of lesions in challenging locations has also been
demonstrated to be relatively safe and effective in patients
without use of ancillary maneuvers (17). In one study, MWA
of hepatic dome lesions located close to heart, diaphragm,
hepatic hilum were treated using either angulation technique
that involves rotation of CT gantry along the craniocaudal
direction allowing the passage of the ablation probe in
the same angle; second technique used was passage of the
microwave probe through the epicardial fat pad if >1 cm in
thickness (17). In this study, there were two lesions close
to the heart (5.5% of the total cases) with the remaining
tumors being predominantly located subcapsularly or in
hepatic dome (17). Only minor complications including
minor pneumothorax and small hematomas occurred that
required no further intervention. This study had a 100%
technical success rate with incomplete response in only
8.3% of cases that was attributed to larger size of lesion (17).
Another study looked at MWA of lung tissue close to the
heart in porcine models (18). This study demonstrated that
MWA within 5 mm of the pericardium was associated with
an increased risk of cardiac arrhythmias and thermal injury
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to the cardiac tissue (21). Once cardiac arrhythmias were
noted, ablation was immediately terminated which resulted
in spontaneous resolution of arrhythmias (21). The distance
in this study was measured from the emitter of the antenna
to the cardiac tissue in perpendicular direction and from tip
of antenna in parallel direction (21).

In addition, the movement of the heart during systole and
diastole as well as movement of the lungs and diaphragm
with breathing can serve as a protective mechanism in
decreasing thermal injury to cardiac tissue, as it has been
shown that thermal injury occurs as a compounding effect
on gross morphology in porcine models with pulmonary
MWA (21). In addition, the same study showed that
ablations >5 mm from the pericardium was associated
with significantly decreased risk of cardiac complications
including arrhythmias and tissue thermal injury (21).

Only one other study looked at MWA of liver cancer
close to the heart. In this study, MWA of liver lesions
(including HCC, liver metastases, and hemangiomas) with
ablation zone extending <5 mm to the heart was performed
and resulted in no intra-procedural arrhythmias when
compared to a control group of >5 mm to the heart (18). In
addition, there was no significant difference in local tumor
recurrence between both groups (18). The current study
also re-demonstrated the safety and efficacy of MWA of
hepatic lesions that are located <5 mm to the heart. Only
two patients had a pneumothorax, one of which required
chest tube placement; otherwise no other complications
including cardiac arrhythmias occurred in patients with
ablation zones <5 mm to the heart. While this study’s
overall disease progression is high at 71% (12/17), this
was confounded by the presence of multifocal lesions in
82% of the patients. Local tumor progression rate of 6%
in this study was consistent with published literature (4,5).
Therefore, it can be said that MWA of liver lesions close to
heart is safe and effective.
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One of the limitations in the current study was that
ablation zone proximity to heart was estimated using a
combination of intraprocedural non-constant imaging and
post procedural contrast-enhanced imaging. Also, CT with
and without contrast studies were both used depending on
availability to obtain post procedural data introducing an
element inconsistency. Another limitation of the study is
that the inclusion criteria used for the study is distance of
the ablation zone of <5 mm to the heart. The rationale of
choosing this as an exclusion criterion is to not only provide
consistency and homogeneity to other studies that have
looked at MWA of lesions close to myocardium, but also
allow for an adequate ablation margin zone of 5-10 mm to
decrease risk of local tumor progression as margin size has
been demonstrated previously as an independent predictor
of local disease progression. Finally, the small sample size
and retrospective single center nature of the data is also a
limitation for this study. The safety and efficacy of MWA
ablation of liver lesions in close proximity to heart can be
further evaluated via a prospective study.

Conclusions

MWA of liver lesions close to heart (with final ablation
zone of <5 mm to the heart) is safe and effective, however,
it can be technically challenging. More studies are needed
to evaluate the long term safety and efficacy of thermal
ablation close to the heart.
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