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ABSTRACT

Introduction: Percutaneous destruction of cancer cells using a radiofrequency energy source has become 
an accepted part of the modern armamentarium for managing malignancies. Radiofrequency ablation (RFA) 
is a relatively novel procedure for treating recurrent and metastatic tumors. It is used for debulking tumors and 
as adjuvant therapy for palliative care apart from its role as a pain management tool. Its use in the third world 
countries is limited by various factors such as cost and expertise. In the remotest parts of India, where economic 
development has been slow, abject poverty with poor health care facilities advanced malignancies present a 
challenge to health care providers. We undertook this study to assess the safety of the percutaneous RFA tumor 
ablation as a therapeutic or palliative measure in patients where surgery was not possible. We observed that 
RFA may be an effective, alternative therapeutic modality for some inoperable tumors where other therapeutic 
modalities cannot be considered.
Context: Palliative and therapeutic image-guided RFAs of tumors may be the only treatment option in patients 
who are inoperable for a variety of reasons. To assess the safety and complications of RFA in such a patient 
population is important before embarking upon any interventions given their physically, mentally, and socially 
compromised status in a country such as India.
Aims: To assess the safety of percutaneous image-guided radiofrequency tumor ablation and to note the various 
immediate and early complications of the intervention.
Settings and Design: This was a prospective, observational study conducted in Tata Main Hospital, Jamshedpur, 
Jharkhand, India.
Subjects and Methods: After approval by the Hospital Approval Committee all patients who consented for 
percutaneous RFA of their tumor admitted in the hospital were included after taking fully informed consent from 
patient/close relative keeping the following criteria in view.
Inclusion Criteria: Patients who were likely to derive a direct benefit in the survival or as a palliative 
measure for relief in their symptoms and patients who were inoperable because of any of the following 
reasons: (1) Exhausted conventional treatment options, (2) technical and anatomical contraindications to 
conventional treatment, (3) medical comorbidities precluding surgery, (4) patient refusal, (5) recurrent tumors, 
and (6) advanced tumor stage. Conventional Treatment has been defined as surgical resection, radiotherapy, 
and/or chemotherapy, although the patient eligibility for each treatment may vary.
Exclusion Criteria: Patients with the following were excluded: (1) Severe coagulopathy, (2) heart, renal, or liver 
failure, (3) lesions within 1 cm of gall bladder, hilum, bowel wall, and major blood vessels, (4) patient with any 
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INTRODUCTION

Radiofrequency ablation (RFA) technology is an evolving 
modality for tumor management. Percutaneous RFA 
treatment has several advantages over other cancer 
management approaches in being the least invasive and 
producing minimal morbidity.[1] It is relatively safe and 
can be repeated as necessary to treat recurrent tumors. 
Percutaneous RFA may also expand surgical options such 
that it may convert an inoperable patient into a surgical 
candidate by treating small liver lesions that are too difficult 
or too spread out to surgically resect.[1]

RFA destroys the tumor by inducing local hyperthermia 
accompanied by intravascular thrombosis, micro vessel rupture, 
endothelial apoptosis, and an inhibition of  angiogenesis.[2]

Modern medicine encompasses combined diagnostic and 
therapeutic applications that involve high technology. There 
are unresolved problems and very importantly there is a lack 
of  relevant data to establish the clinical efficacy of  minimally 
invasive techniques under trial. In our part of  the world, due 
to inadequate health care services, incidence of  advanced 
tumors is very high. The skepticism among doctors regarding 
efficacy and safety of  such procedures, especially in advanced 
cancers precludes the use of  new modalities. We undertook 
this study to note down the complications during and after 
performance of  tumor ablations by RFA in our hospital 
which caters to some of  the poorest patients in India.

Objectives

• To note the cardiovascular complications during 
procedure such as vasovagal attack, hypotension, or 
cardiac arrest

• Note, complications due to imaging‑guided electrode 
placement, that is, complications due to deleterious 
heating encountered, other observations, pain 
and post‑RFA syndrome, and assessment of  the 
postablation tumor necrosis.

SUBJECTS AND METHODS

This was a prospective, observational study conducted 
in TMH, Jamshedpur, Jharkhand, India. After approval 
by the Hospital Approval Committee, all patients who 
consented for percutaneous RFA of  their tumor admitted 
in the hospital were included after taking fully informed 
consent from patient/close relative keeping the following 
criteria in view.

Inclusion criteria

Patients who were likely to derive a direct benefit in the 
survival or symptoms and patients who were inoperable 
because of  any of  the following reasons:
• Poor pulmonary function
• Medical comorbidities precluding surgery
• Patient refusal
• Technical and anatomical contraindications to 

conventional treatment
• Exhausted conventional treatment options
• Recurrent tumors
• Advanced tumor stage.

Conventional treatment has been defined as surgical 
resection, radiotherapy, and/or chemotherapy, although 
the patient eligibility for each treatment may vary.

metal implant, (5) patients in sepsis, and (6) tumor adjacent to structures at risk (main bile ducts, pericardium, 
stomach, or bowel).
Results: The duration of procedure as well as ablation of tumor free margin was significantly related to the size of 
the tumor. As the size of tumor increased, duration of procedure increased significantly. A good tumor-free margin 
also needs to be ablated for optimum results as it prevents residual tumors and recurrences in the future. We 
observed that tumors sized <3.1 cm were optimal in this regard. Most common adverse event in postprocedure 
period was pain in and around ablation site. Post-RFA syndrome is also a common and benign self-limiting side 
effect. Patient counseling and proper selection of patients in the early stages of malignancy can enhance the 
efficacy of the procedure and patient satisfaction.
Conclusions: Percutaneous image-guided RFA is an option in patients where most other tumor management 
modalities have been exhausted or rejected. RFA may not be free from side effects such as postablation 
syndrome, pain, and there may be other serious complications such as bleeding, but based on our observations, 
percutaneous image-guided RFA of tumors is a safe palliative and therapeutic treatment option.

Key words: Computed tomography guided, Percutaneous radiofrequency ablation tumor, Ultrasound guided 
tumor ablation
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Exclusion criteria

Patients with the following were excluded:
• Severe coagulopathy
• Heart, renal, or liver failure
• Lesions within 1 cm of  gall bladder, hilum, bowel wall, 

and major blood vessels
• Patient with any metal implant
• Current infection
• Extrahepatic spread with tumor adjacent to structures at 

risk (main bile ducts, pericardium, stomach, or bowel).

RESULTS

A total of  14 patients, eight males and six females 
aged above 11 years agreed to undergo RFA for their 
tumors. Most of  these patients, however, were older than 
50 years (nine patients). All patients underwent radiological 
assessment of  their tumors. The imaging modality chosen 
in ten patients was computed tomography (CT) scan and 
in four patients, ultrasonography (USG). All radiological 
findings were subsequently confirmed by pathological 
diagnosis as shown in Table 1. Tabulation of  the procedures 
done is depicted in Table 2.

DISCUSSION AND REVIEW OF LITERATURE

We monitored various parameters to assess safety and 
efficacy of  RFA and each of  these shall be discussed 
separately:
• Cardiovascular complications during procedure such 

as vasovagal attack, hypotension, or cardiac arrest
• Complications due to imaging‑guided electrode 

placement, that is,
• Bleeding and hemorrhage:
 •  Damage to adjacent structures, for 

example,
 • Pneumothorax
 • Colonic perforation in hepatic ablation
 • Bile duct injury.

• Complications due to deleterious heating encountered 
at grounding pad sites, that is, electrode pad burns

• Other observations:
• Pain
• Post‑RFA syndrome.

• Postablation tumor necrosis.

Cardiovascular complications during procedure

In our study of  14 patients, there was no significant cardiac 
event requiring intervention of  any kind. Meta‑analysis of  

studies done earlier have noted an incidence of  0.13–0.46% 
of  cardiac complications,[3] though no mortality has been 
attributed directly to these complications in any previous 
study.

Complications due to imaging‑guided electrode 
placement

Bleeding is an important complication that can occur 
during or immediately after ablation. We encountered 
bleeding in only one patient where ablation for debulking 
of  an osteosarcoma of  right femur was being done. This 
accident was due to a procedural error on the part of  
the operator during track ablation following ablation of  
the tumor. In this case, all prongs were not withdrawn 
before removing the electrode and this caused tissue 
damage with profuse bleeding from the track site. Direct 
pressure was applied over the site for 15 min, complete 
hemostasis was assured, and then a pressure bandage 
was applied. Hemodynamic parameters were constantly 

Table 1: Confirmation of radiological diagnosis 
with pathological diagnosis
Radiological diagnosis Pathological findings N RFA of organ

Colorectal carcinoma 
with liver metastasis

Metastatic 
Adenocarcinoma of liver

3 Liver metastasis

Gallbladder carcinoma 
with metastasis

Metastatic 
Adenocarcinoma of liver

5 Liver metastasis

Osteosarcoma with 
pulmonary metastasis

Osteoid mesenchymal 
cells with osteoblastic 
metastasis to lung

2 Pulmonary metastasis 
from soft tissue osteo

sarcoma

Serous 
cystadenocarcinoma 
with liver metastasis

Tall columnar cells with 
psammoma bodies

1 Liver metastasis

Hepatocellular 
carcinoma

Well differentiated 
dysplastic hepatocytes

1 Liver tumor

Pulmonary carcinoma Non small cell carcinoma 1 Pulmonary tumor

Osteosarcoma Osteoid mesenchymal 
cells

1 Osteosarcoma distal 
end femur

Table 2: Tabulation of the procedures done
Radiological diagnosis Pathological findings N RFA of organ

Colorectal carcinoma 
with liver metastasis

Metastatic 
Adenocarcinoma of liver

3 Liver metastasis

Gallbladder carcinoma 
with metastasis

Metastatic 
Adenocarcinoma of liver

5 Liver metastasis

Osteosarcoma with 
pulmonary metastasis

Osteoid mesenchymal 
cells with osteoblastic 
metastasis to lung

2 Pulmonary metastasis 
from soft tissue osteo

sarcoma

Serous 
cystadenocarcinoma 
with liver metastasis

Tall columnar cells with 
psammoma bodies

1 Liver metastasis

Hepatocellular 
carcinoma

Well differentiated 
dysplastic hepatocytes

1 Liver tumor

Pulmonary carcinoma Non small cell carcinoma 1 Pulmonary tumor

Osteosarcoma Osteoid mesenchymal 
cells

1 Osteosarcoma distal 
end femur
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monitored and maintained. Dangerous bleeding during 
procedure has been noted in various studies,[3] and in 
one case, it has proved to be fatal where retroperitoneal 
hemorrhage could not be resuscitated.

In 2003, a Korean study group of  RFA which surveyed 
11 institutions reported that incidence of  major bleeding 
was around 0.46%.[3] These results, however, cannot be 
compared with our results as we have monitored other 
tumor ablations apart from the liver ablations. In our series 
of  nine ablations of  inoperable liver tumors, we did not 
come across any major hemorrhage.

Damage to adjacent structures such as lung parenchyma 
with resultant pneumothorax,[3,4] diaphragmatic injury or 
thoracic duct injury during lung tumor ablation, or injury 
to bowel and bile duct during ablation of  liver tumors can 
be a danger.

An international survey from seven institutions reported 
that the most common adverse event after percutaneous 
lung RFA was pneumothorax (30%) and that approximately 
10% of  cases required a chest drain.[5]

One out of  three of  our patients undergoing lung 
metastasis ablation originating from an osteosarcoma 
of  right distal femur immediately after tumor ablation 
developed pneumothorax, which was minimal and 
asymptomatic, so we put the patient on 100% oxygen 
via a nonrebreathing mask and obtained an immediate, 
2 h and 6 h post‑procedure chest X‑ray. There was no 
increase in size of  the pneumothorax and so decision to 
put a chest tube was deferred. Serial radiographs were 
done for the case and the pneumothorax resolved without 
further intervention. Belfiore et al.[6] had observed minor 
pneumothorax in 9% of  cases undergoing RFA for lung 
tumors and also observed reactionary minor pleural 
effusion in 9% cases.

We observed pleural effusion in two out of  the three 
patients (66%) who had undergone the procedure. 
Thoracocentesis was not done in either case. The 
important consideration in cases of  unresolving pleural 
effusions is the possibility of  a thermal injury to adjacent 
diaphragm resulting in a diaphragmatic fistula.[7] Thorough 
follow‑up and evaluation are required in such cases, a 
simple examination of  patient’s sputum could be an 
important clue. Surgical repair with prosthetic mesh 
reconstruction of  the diaphragm may be required in severe 
cases.[7] Right‑sided pleural effusions are also common 
after liver tumor ablations, though most of  them resolve 
spontaneously.

Gastrointestinal perforation was not encountered in 
any of  our patients, however, Livraghi et al. observed 
this complication in 0.7% of  his cases undergoing liver 
ablations.[8] Subcapsular lesions carry a high risk of  
colonic perforation.[9] Colon is a relatively thin‑walled 
and fixed structure which predisposes it to perforation, 
especially in cases where previous laparotomy has been 
done and where adhesions prevent any further movement 
of  the gut.

Bile duct injury was not immediately evident in any of  the 
patients we ablated. Rhim et al. had observed 0.07–1% 
incidence of  bile duct injury during ablation of  hepatic 
tumors in their study.[3] Long‑term follow‑up, however, 
was not done in our study to assess for presence of  any 
symptoms suggestive of  the same. Bile duct injury can 
result in biliary strictures[3,10] or biliomas[3,11] and they can 
present late in post‑procedure period. Close proximity 
of  tumor mass to the major bile ducts is a major reason 
for bile duct injuries. Prevention of  the heat sink effect[12] 
described later, might be another cause where, to avoid 
a major blood vessel, one might compromise on the 
distance of  the ablation electrode[13,14] from the bile duct. 
Percutaneous biliary drainage procedures might be required 
in severe cases of  strictures.

Pad burn

We had intended to monitor any adverse effects of  heating 
during the procedure. In one of  our cases of  osteosarcoma 
distal right femur, the pad was placed on the right calf  
covering the circumference. Patient suffered second degree 
pad burn on the right calf, which appeared as blister on 
first post‑procedure day at the site of  the electrode pad. 
This pad burn was probably because distance of  the active 
electrode from pad was <25 cm and not enough surface 
area was available for heat dispersion. Pad burns may 
present as hyperemia at the site immediate post‑procedure.

In another patient, an innovation with respect to pad 
placement was necessitated where ablation was done for 
pulmonary metastases secondary to an osteosarcoma of  
the right distal end femur. This patient had mid‑thigh 
amputation for the primary lesion. We did not have this 
thigh for application of  pad, so gluteal region was chosen 
as the site of  application of  pad avoiding any bony 
prominences, for example, anterior superior iliac spine. 
The pad covered the entire gluteal region as shown in 
Figure 1. The large pad area relative to the thigh resulted 
in the pad losing its contact with the skin surface, which 
is not recommended.[15] We thus tied the pad with a long 
sheet of  gauge for proper contact with the surface as 
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shown in Figure 1. This indigenous adaptation proved to 
be safe and effective as no burn was seen post‑procedure, 
although there was a variation from vendor protocol[16] as 
both the thigh pads could not be placed at the same level.

Other observations

Pain
Pain was the most common complaint of  patients during the 
study [Table 3]. Pain assessment was done post‑procedure 
based on the Common Toxicity Criteria of  the National 
Cancer Institute’s[17] grading of  pain. Pain killers were 
administered during and immediately afterward by the 
attending anesthesiologist. After discharge, analgesics were 
given as per individual needs and physiology. All but one of  
the 14 patients complained of  pain around the site of  ablation 
once they fully recovered from anesthesia and was alert and 
oriented. Pain was again assessed at 4 h post‑procedure. 
Rescue analgesics were ordered once patient complained 
of  grade 2 or more pain. Regular pain assessment was done 
thereafter. Pain scores in our patients ranged from mild to 
moderate, that is, grade 1 to grade 2 pain. Ten patients had 
moderate pain and three had mild grade 1 pain [Table 4] 
at the time of  recovery. Further follow‑up telephonically 
confirmed that pain at site, even though mild, lasted for 
more than a week in liver ablation cases and was the most 
common reason for the patients getting in contact with us 
in the post‑procedure period. Since we did not measure 
preoperative pain scores, a comparison between the pre‑ and 
post‑procedure pain scores could not be done.

Postablation syndrome
The most common minor complication of  RFA is 
postablation syndrome and it was our objective to monitor 
the incidence of  this complication. Post‑RFA syndrome 

was defined as the presence of  either fever or flu‑like 
symptoms or both any time after the procedure.

There were six cases (42.86%) that developed fever, 
four patients (28.6%) developed flu‑like symptoms of  
myalgia, nausea, malaise, or light‑headedness. In our study, 
all patients who developed flu‑like symptoms also had fever. 
Six patients had only fever without other symptoms. The 
total incidence in our study was, therefore, roughly 71%. 
Four patients (28.6%) were asymptomatic.

Follow‑up of  patients was done telephonically once they 
were discharged from hospital on days 3, 5, 7, and 10 
post‑procedure. All the patients were advised to maintain 
an 8 hourly check of  temperature. Onset of  fever was 
typically seen within the first 36 h in most patients, though 
in one patient fever onset was noted after three days of  
procedure. Fever persisted till the 4th to 6th post‑procedure 
day and resolved in all cases by the 6th day. Oral paracetamol 
was advised if  temperature reached 100 F. Four patients 
presented with flu‑like symptoms commencing around 36–48 
h after procedure and these symptoms resolved completely 
by the 8th post‑procedure day in three patients. One patient 
with flu‑like symptoms could not be traced as he requested 
discharge 2 days after procedure and was subsequently lost to 
follow‑up after 7th post‑procedure day. In literature, incidence 
of  this syndrome has been observed in approximately 
one‑third patients. The results that we observed are quite 
similar to these observations by Wah et al.[18]

Patients should be informed that these symptoms are 
self‑limiting after RFA and most patients should be able 

Figure 1: Variation of dispersive electrode placement in amputated 
right leg

Table 3: Common complications noted in the 
peri-procedure period
Bleeding 1

Non target thermal damage 0

Ground pad burn 1

Free peritoneal fluid 0

Pneumothorax 1

Transient ischaemic attack 1

Post procedure pain at site 10

Pleural effusion 2

Vaso‑vagal attack 0

Table 4: Pain scoring noted after RFA of tumors
Pain Number of patients

Grade 0 1

Grade 1 3

Grade 2 10

Grade 3 0

Grade 4 0
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to resume near‑complete pre procedural levels of  activity 
within 10 days after the procedure.

Postablation tumor necrosis

In our study, assessment of  postablation necrosis could be 
done for 10 cases which were ablated with CT guidance. 
We performed noncontrast CT and contrast‑enhanced 
CT at the end of  procedure to determine the extent 
of  coagulation. Goal of  tumor ablation is to obtain a 
well‑defined smooth hypodense area which is at least 
as large as tumor and ideally a few millimeter larger. 
We noted that tumors which were <3.1 cm had an area 
of  necrosis larger than the parent tumor dimensions as 
in Figure 2. Tumors that are more than this diameter 
revealed inconsistent ablation of  tumor‑free margin. This 
is consistent with the findings of  Dodd et al., who have 
done extensive work on this aspect.[19] We also attempted 
ablation of  a large osteosarcoma of  femur.

USG guidance was used for RFA of  some lesions in the 
liver, but it was not used for postablation tissue necrosis 
size estimation because of  the bubble effect and poor 
delineation of  the margin.[17] Gray scale ultrasound alone 
cannot differentiate between viable tumor and necrotic 
tissue because of  variable echogenicity due to overlap of  
shape and volume of  necrosis.[20] Incidentally, no patient 
who had undergone tumor ablation using ultrasound 
guidance turned up for follow‑up CT imaging which was 
advised after 4 weeks.

Immediate post‑procedure imaging estimation of  necrosis 
size does not ensure the efficacy of  treatment.[21,22] 
Follow‑up imaging is necessary to rule out any recurrence 
and residual tumor which can be possible in some large 
tumors as well as those ablations where tumor‑free margins 
were not ablated. In postcontrast CT, there is a thin rim 

of  hyperdense[21,23] area visible due to hyperemia in the 
immediate post‑procedure period and this can mask a 
residual tumor. We observed a hyperdense area in one 
liver, lung, and osteosarcoma of  femur ablation each. 
Constraints of  money and poor general condition of  the 
patients that we encountered precluded multiple ablation 
sittings and imaging follow‑up in most cases. For most 
patients and even medical fraternity members, this modality 
of  treatment is new and relatively unknown and untested 
in our part of  the country. Most of  the patients agreed to 
RFA as a last resort and we observed that if  the relief  of  
symptoms were not as per expectations, it deterred many 
patients from returning for follow‑up imaging.

CONCLUSION

The duration of  procedure was significantly related to the 
size of  the tumor based upon the Spearman’s correlation 
test at the 0.01 level (two‑tailed.)

Ablation of  tumor‑free margin is significantly related to the 
size of  tumor. As size of  tumor increased, size of  tumor 
free margin ablated decreased.

Tumors <3.1 cm were optimal for ablation as they afforded 
ablation of  a safe margin of  tumor‑free tissue around the 
tumor which is necessary to prevent residual tumors and 
to prevent recurrences in the future.

Most common adverse event in post‑procedure period was 
pain in and around ablation site. Patient counseling and 
proper selection of  patients in early stages of  malignancy 
can enhance the efficacy of  the procedure and patient 
satisfaction. Awareness regarding the procedure, especially 
among the health care professionals is, therefore, important.

SUMMARY

RFA as a minimally invasive procedure may be a safe 
treatment option in patients suffering from life‑threatening 
malignancies. We observed that even in terminally ill 
patients, we did not encounter any complication which 
could put life of  our patient in immediate jeopardy.
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Figure 2: Pre‑ and immediate post‑radiofrequency ablation necrosis 
of small tumor (approximately 3 cm)
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