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Chest wall hernia induced by high intensity focused
ultrasound treatment of unresectable massive
hepatocellular carcinoma: A case report
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Abstract. In the present study, a case of unresectable massive
hepatocellular carcinoma (HCC) treated with high intensity
focused ultrasound (HIFU) alone is reported. Although the
treatment induced chest wall hernia, its efficacy in treating the
HCC was demonstrated. The medical records of a patient with
an unresectable massive tumor that was effectively treated
with serial HIFU ablation were retrospectively studied. Chest
wall hernia was detected as a complication of the HIFU treat-
ment, which has not been reported thus far in the literature.
The patient has survived for 44 months since the first diagnosis
in September 2010. Treatment resulted in partial remission of
the tumor, pain relief, decreased levels of alpha-fetoprotein and
chest wall hernia, as a complication. Therefore, HIFU may be
an effective approach for the treatment of unresectable HCC,
although it may occasionally cause complications.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common
and lethal tumors worldwide (1). HCC is likely to be diagnosed
at an advanced stage, when the liver function of the patients is
poor (2). As a result, the majority of patients with advanced stage
HCC do not fulfill the indications for surgical resection (3). The
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utilization of transcatheter arterial chemoembolization (TACE),
targeted drugs and radiofrequency ablation (RFA) for the treat-
ment of HCC has achieved good clinical outcomes (4). However,
these treatments present a number of limitations, including
tumor location, size, blood supply and economical reasons (5).

High intensity focused ultrasound (HIFU) is a newly
emerged local thermal ablation therapy that is character-
ized by causing minor trauma to patients and enabling a fast
recovery (6). In addition, HIFU enables three-dimensional
conformal treatment of solid tumors and enhances the body's
immune response against the tumor (7). In the present study,
a representative case of unresectable massive HCC treated
successfully with HIFU alone is reported. Although the treat-
ment induced a chest wall hernia, a satisfying clinical result
was observed following HIFU therapy.

Case report

The patient was a 57-year-old male who was admitted to the
Department of Integrated Oncology of Fudan University
Shanghai Cancer Center (Shanghai, China) in September 2010
with complaints of occasional abdominal distension that had
lasted for 2 years. The patient did not present with jaundice,
abdominal pain, nausea or vomiting upon initial admission.
The medical history indicated that the patient had
suffered hepatitis B for 30 years without receiving any
anti-viral treatment. In September 2010, the patient was
subjected to an abdominal computed tomography (CT) scan,
which revealed a mass in the right lobe of the liver (which
was suspected to be HCC with intrahepatic metastasis), in
addition to cirrhosis, splenomegaly and portal hyperten-
sion. Blood test demonstrated a-fetoprotein (AFP) levels of
3,200 ng/ml (normal range, 0-10 ng/ml). Subsequently, the
patient underwent fine needle aspiration of his hepatic lesion.
The cytomorphological findings revealed the presence of
crowded and giant tumor cells with bizarre shape and high
nuclear-cytoplasmic ratio. The presence of an endothelial cell
lining is one of the histopathological features indicative of
HCC (Fig. 1). In consequence, the patient was diagnosed with
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HCC stage B, according to the Barcelona clinic liver cancer
staging classification of HCC (8). Upon obtaining signed
written informed consent, the patient was treated with hepatic
arterial infusion chemotherapy with 150 mg oxaliplatin and
1 g 5-fluorouracil. The patient did not receive embolization
with lipiodol, since no complete obstruction of the hepatic
arterioportal fistula detected during the angiography was
achieved. Following the procedure, the patient experienced
grade 3 hyperemesis, according to the Common Terminology
Criteria for Adverse Events published by the National Cancer
Institute (Bethesda, MD, USA) (9). The patient was discharged
upon receiving supportive care for 4 days.

In December 2010, the patient was readmitted into hospital
due to elevated AFP levels (5,732 ng/ml). During the second
admission, the patient refused to receive another hepatic arte-
rial infusion chemotherapy, due to the previous hyperemesis.
Treatment with sorafenib was then suggested to the patient, but
it was declined due to financial reasons. In consequence, HIFU
therapy was proposed to the patient, and written informed
consent was obtained from the patient for the HIFU procedure.

Admission examination. The results of the biochemical anal-
ysis at the time of readmission were as follows: White blood
cell count, 6.0x10° cells/l (normal range, 3.5-9.5x10° cells/l);
percentage of neutrophils, 66.5% (normal range, 40-75%);
hemoglobin levels, 140 g/l (normal range, 115-150 g/1); platelet
count, 67x10° cells/l (normal range, 125-350x10° cells/I);
albumin levels, 41 g/l (normal range, 40-55 g/1); total bilirubin
levels, 26 ymol/l (normal range, 3.4-17.1 pmol/l); direct bilirubin
levels, 8.6 ymol/l (normal range, 0-3.4 ymol/l); alanine amino-
transferase levels, 83 U/l (normal range, 7-40 U/l); aspartate
aminotransferase levels, 76 U/l (normal range, 13-35 U/1); blood
urea nitrogen levels, 6.3 mmol/l (normal range, 2.6-7.5 mmol/l);
and creatinine levels, 68.6 ymol/l (normal range, 41-73 ymol/l).
Electrocardiogram did not report any abnormalities. Enhanced
abdominal CT revealed a mass located in the right lobe of the
liver with multiple intrahepatic metastases, liver cirrhosis, sple-
nomegaly and portal hypertension (Fig. 2A-C).

Therapeutic range of HIFU treatment. The therapeutic range
of HIFU treatment for the lesion covered the neoplastic lesion
and extended to the area of normal tissue located within
~2.0-cm distance from the lesion.

HIFU treatment parameters and procedure. The procedure
was completed under the guidance of real-time ultrasound
using the JC-HIFU system (Chongqing Haifu-HIFU-Tech,
Chongqing, China). The treatment parameters were as follows:
Frequency, 0.85 MHz; focal diameter, 3 mm; focal field length,
8 mm; focal length, 151 mm; and sound therapy peak power,
400 W. The patient was placed in the right lateral position with
full contact of the skin in the degassed water. Following anes-
thesia, sedation and immobilization of the patient, ultrasound
(frequency, 2.5 MGz) was applied to identify the location, size
and boundary of the lesion, in order to determine the treatment
target of the tumor. Under ultrasound guidance and monitored
in real time, the lesion was gradually ablated three-dimension-
ally to achieve a complete ablation of the entire tumor in order
to avoid any residual malignancy. After the whole lesion was
ablated thoroughly, the tumor tissue underwent coagulation
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Figure 1. Crowded and giant tumor cells with bizarre shape and high
nuclear-cytoplasmic ratio are observed in the tumor specimen. Anomalous
cells that include vascular endothelial-like cells is one of the hallmark histo-
pathological features indicative of hepatocellular carcinoma.

necrosis and exhibited a marked change of increased echo
reflectance (Fig. 2E). Each slice of the targeted lesion was care-
fully and completely ablated from the deepest to the shallowest
regions of the tumor, with the following parameters: Treatment
power, 400 W; line scan, 3 mm/sec; scanning distance, 5 mm;
number of irradiations, 3; treatment length, 4 h; irradiation
time, 4,850 sec; treatment intensity, 1,212 kJ; total energy
therapy, 1,940,000 J; and treatment volume, 11.43 cm®.

Post-operation treatment and follow-up information.
Following HIFU treatment, the patient presented with swelling
of the skin on his right chest. In consequence, an ice pack
was applied intermittently for 2 h, while liver protective and
infection preventive intravenous drips were also administered
to the patient, until the swelling of the regional skin gradually
disappeared. Following discharge from the hospital, the patient
noticed a reducible mass on his right chest wall 6 months later
(Fig. 3A). The mass protruded outward while exhaling, and
flattened upon massaging and inhaling (Fig. 3B). However, no
treatment was received for this symptom, as it did not affect the
patient's quality of life or cause any discomfort. In May 2014,
abdominal CT scan (Fig. 3C) reported a tumor mass measuring
40x45x40 mm located in the right lobe of the liver, which
was significantly reduced in size compared with the previous
follow-up. The patient's chest X-ray (Fig. 3D) suggested right
pleural effusion, right rib bone interruption and bone sclerotin
discontinuation. Ultrasonography of the chest wall mass
(Fig. 3E) revealed a hernia in the subcutaneous tissue. At the
time of the last follow-up, conducted on May 2014, the patient
had survived for 44 months since the diagnosis of HCC. The
chest wall hernia had no effect on the quality of life of the
patient, whose levels of AFP in serum had reduced to 182 ng/ml.

Discussion

Surgery is the most effective treatment for HCC (10). However,
the majority of cases of HCC are diagnosed at a late stage,
resulting in the majority of patients unable to receive surgical
resection (11). TACE has been used for the treatment of HCC,
and achieves its therapeutic effect by utilizing lipiodol for the
embolization of the major arterial supply to the liver tumor,
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Figure 2. (A-C) Enhanced abdominal computed tomography revealed a mass in the right lobe of the liver with multiple intrahepatic metastases, liver cirrhosis,
splenomegaly and portal hypertension. (A) Isodense mass on plain scanning; (B) Marked enhancement in teh arterial phase; and (C) Contrast agent washout
in the delayed phase. Ultrasound image (D) prior to and (E) subsequent to high intensity focused ultrasound treatment. Following treatment, the tumor tissue
underwent coagulation necrosis, and appeared as an obvious lumpy gray change in the ultrasound image.

Figure 3. (A) Upon being discharged from the hospital, the patient noticed a reducible mass on his right chest wall 6 months later. (B) The mass protruded
outward while exhaling, and flattened upon massaging and inhaling. (C) Abdominal computed tomography scan revealed a mass of 40x45x40 mm in size
located in the right lobe of the liver, suggesting hepatocellular carcinoma with intrahepatic metastasis, cirrhosis and portal hypertension. (D) Chest X-ray
suggested right pleural effusion, right rib bone interruption and bone sclerotin discontinuation. (E) Ultrasound of the chest wall mass demonstrated reduced
chest wall subcutaneous tissue, possibly due to a chest wall hernia.
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thus inducing ischemic necrosis of the tumor (12). However,
the present patient did not undergo lipiodol embolization, due
to the inability of achieving complete obstruction of the hepatic
arterioportal fistula. RFA is also useful for the treatment of
HCC (13). However, the size of the tumor in the present case was
too large to undergo RFA. The cost of targeted therapy for HCC
in China is relatively high, thus the majority of Chinese patients
are unable to afford it. Therefore, an effective modality with
acceptable financial cost for the treatment of HCC is required.

HIFU is a relatively novel emerged local thermal ablation
modality (14). By using local high temperature produced by
ultrasound focusing on the targeted lesion, the temperature at
the targeted lesion site rapidly rises to 65-100°C, which induces
coagulation necrosis in the lesion (15). HIFU achieves its
three-dimensional conformal ablation and completely resects
the lesion by moving the ultrasound applicator in order to vary
the focused region inside the body (16). Via effective ablation,
the tumor tissue undergoes coagulation necrosis and loss of
replication, infiltration and metastasis capacity, eventually
becoming fibrous degenerated or calcified tissue. In addition,
multidrug resistant cancer cells and those in GO phase are also
sensitive to HIFU treatment. Furthermore, HIFU is able to
stimulate the body's anti-tumor immune response subsequent
to the procedure (17). HIFU is considered a superior treatment
in terms of controlling tumor progression and prolonging
survival, due to its advantages, which include minimal trauma,
no risk of radiation and repeatable modality (18).

However, common complications following HIFU treat-
ment have been reported, including pain in the treated area,
subcutaneous edema, rib fractures and skin empyrosis (19).
Due to the ultrasonic energy accumulation and deposition on
the ribs, necrosis was previously reported to occur in all the
layers of subcutaneous, costal and intercostal tissue following
HIFU treatment. In that study, aseptic necrosis was prevented
from spreading to the superficial skin by various treatments
and nursing, thus avoiding skin ulceration and cellulitis of the
necrotic subcutaneous tissue (17). In the present patient, the
necrotic subcutaneous tissue was absorbed, which led to thin-
ning of the chest wall structure and resulted in the occurrence
of chest wall hernia. To date, chest wall hernia has not been
reported in the literature as a complication of HIFU treatment.

In conclusion, despite certain complications associated
with HIFU, this treatment may be an effective alternative
modality for HCC patients who are not suitable for TACE,
RFA or sorafenib treatment.
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