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Abstract

AIM: To analyze the local and systemic complications
of high intensity focused ultrasound (HIFU) for patients
with recurrent and metastatic abdominal tumors.

METHODS: From Aug 2001 to Aug 2004, 17 patients
with recurrent and metastatic abdominal tumors were
enrolled in this study. Real-time sonography was taken,
and vital signs, liver and kidney function, skin burns,
local reactions, and systemic effects were observed and
recored before, during, and after HIFU. CT and MRI were
also taken before and after HIFU.

RESULTS: All 17 patients had skin burns and pain in the
treatment region; the next common complication was
neurapraxia of the stomach and intestines to variable
degrees. The other local and systemic complications
were relatively rare. Severe complications were present
in two patients; one developed a superior mesenteric
artery infarction resulting in necrosis of the entire small
intestines, and the other one suffered from a perforation
in terminal ileum due to HIFU treatment.

CONCLUSION: Although HIFU is a one of noninvasive
treatments for the recurrent and metastatic abdominal
tumors, there are still some common and severe
complications which need serious consideration.
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INTRODUCTION

There are many recurrent and metastatic solid tumor cases
seen clinically, many of which have characteristics of
complicated changes in anatomy, chemo-agent resistance
and radiation insensitivity. Patients with such tumors are
not suitable for surgery, radiotherapy, and chemotherapy.
With these three treatments precluded, the possible and
available treatments must be local and non-invasive, with
image precise monitoring, and real-time confirmation,
and these options include laser!" cryotherapy',
photodynamicmic therapy[3’4], radioactive particlels] and
high intensity focused ultrasound (HIFU)".

HIFU is a new treatment for solid malignant tumors,
which emerged in recent years'™". This approach is based
on the fact that ultrasound beams can be focused and
transmitted through solid tissues within the body, resulting
in some bioeffects which can destroy and coagulate in-
depth tissue!” by thermal effects and cavitation. HIFU
coagulates target lesions through intake skin without
surgical exposure or insertion of instruments. HIFU
techniques for solid tumors treatment have been
reported as noninvasive and conformal with real-time
monitoring[m’“]. In animal experiments and clinical studies,
it has been proven that HIFU can selectively target and
destroy primary or metastatic lesions through intake

. . . . 10,12,13
skin, thereby treating tumors in the liver!™'>"”
[14-16 17

or other
[18-20]

solid organs such as kidney ! bone!”, prostate ,

pancreasm], ete.

Although HIFU treatment for recurrent and metastatic
abdominal tumors was generally thought to be noninvasive
and safe, we observed some common and even sevetre
complications in our practice, and the aim of this study was
to analyze the local and systemic complications of HIFU in

patients with recurrent and metastatic abdominal tumors.
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MATERIALS AND METHODS

Patients

From August 2001 to August 2004, a total of 17 patients
(nine males, eight females, mean age 46.9 years, range
from 21 to 65 years) with confirmed recurrent and/or
metastatic tumor in their abdominal cavity underwent
extracorporeal HIFU ablation. The study was approved
by the ethics committee of our university. We received
informed consent from each patient. With multiple
disciplines consulting, these patients were defined as
being not suitable for surgical resection, radiotherapy
or chemotherapy. There were two cases of recurrent
gastric carcinoma, three recurrent colon carcinoma, three
recurrent neurofibroma, one recurrent neurofibrosarcoma,
one recurrent neurilemoma, one recurrent right renal
carcinoma, one recurrent carcinoma of right ureter, two
recurrent and metastatic ovarian cancer, one abdominal
metastasis of cervical carcinoma, and one mesentery
liomyoma and liposarcoma. The maximal diameter of
target tumor mass ranged from 3 cm to 16 cm. A total
of 19 HIFU treatment sessions were executed, with two
patients with recurrent neurofibroma and colon carcinoma
respectively underwent two sessions of HIFU while the
other 15 patients only underwent a single session.

HIFU therapeutic system

The HIFU therapeutic system was designed by Chongging
Haifu Co. Ltd (Chongqing, China). Briefly, as detailed in
an article”, the ultrasound (US) beam was produced by
12.6 cm diameter piezoelectric ceramic transducer with
a focal length of 126 or 135 mm. In the center of the
transducer, there was a 3.5 MHz diagnostic US scanner
(AU3, Esaote, Italy) used for guiding the target tissue. The
transducer was mounted in a waterbag filled with degassed
and distilled water. The acoustic pressure field was at focal
peak intensities from 2000 to 5000 Wem™”, The treatment
time with focused ultrasound varied from 3120 s to 8950 s
(median, 5379.3 s), depending on the tumor size, location,
depth, blood supply, adjacent large vessels. Each pulse of
HIFU lasted for 20-30 s, and the interval between two
successive pulses was about 10 s.

HIFU treatment

HIFU treatment was performed under general anesthesia
with the patients lying either in the supine position or
prone position depending on the shortest distance from
transducer to target volume, so that a pulsed focused US
beam produced by the transducer arrived at the target by
the shortest distance from intake skin'', The tumor mass
was selected through the directional movement of the
diagnostic scanner in the target region. The target volume
included only part of the tumor and did not include any of
healthy marginal tissue. The tumor lesion was divided into
two dimensional cross slices by scanning with real-time
US. Based on the images of each slice, the target region
was selected and then damaged by ejecting pulse focused
ultrasound beams. Through this partial coverage, complete
targeting of the tumor volume was achieved slice by slice.

Investigation of complications
During HIFU treatment, the changes of the passage
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tissues of focused ultrasound including skin, hypodermis
and other surrounding organs were monitored by real-time
US and visual inspection. US was also used to monitor the
surrounding or overlying tissues, such as gallbladder, right
kidney, gastrointestinal tract, bladder, e#. The vital signs
were continuously observed and electrocardiography was
taken during HIFU treatment.

Immediately after HIFU treatment, we observed pain
in the therapy area with variable levels. We also collected
blood and urine samples for routine tests such as hepatic
and renal functions. Three days after HIFU, we used US
to check changes in adjacent organs, such as the exterior
and interior hepatic bile duct, gallbladder, right kidney, and
gastric-intestinal tract. One month after HIFU, patients
underwent re-scanning by computerized tamography (CT)
or magnetic resonance imaging (MRI) to investigate the
therapeutic effects of HIFU as well as changes of adjacent
tissues.

RESULTS

Changes of vital signs and electrocardiography during
HIFU

During HIFU treatment, no significant changes of vital
signs or electrocardiography were shown in any of the 17
patients.

Common postoperative complications

Changes of vital signs: three patients had a fever below
38°C, and hypertension was found in two patients.

Skin burns: All 17 patients had skin burns of varying
degrees, most of which located on the skin directly in
the pathway of ultrasound; however, a minority of skin
burns (three cases) were located on the opposite side to
the pathway of transmitting focused ultrasound. Eight
cases had erythematous burns (first grade), eight cases
displayed blister burns (second grade), and one patient
with recurrent right renal carcinoma was found with deep
burns (third grade).

Pain in the treatment region as classified by the
international standard: two cases were painless, five
cases felt mild pain (first grade) and did not need analgesia;
nine patients reported moderate pain (second grade) and
needed non-steroid analgesia to relieve the pain; and one
patient with severe pain needed morphine.

Dysfunction of the gastrointestinal tract: Mild
enteroparalysis was found in 15 patients who recovered
completely within 3 d.

Impairments of hepatic and renal function: After
HIFU treatment, two cases were found with a slight
elevation in glutamic pyruvic transaminase (GPT) or
glutamic oxaloacetic transaminase (GOT) activity, both
of which were below 80 units. One case was found with a
slight elevation of creatinine in the blood serum.
Hematuria: Gross hematuria was found in 1 patient with
abdominal metastasis of cervical carcinoma which was
attributed to damage of the bladder. Another patients
with recurrent carcinoma of the right ureter displayed
erythrocytes (+++) in a urine sample 3 d after HIFU.
Impairment of peripheral nerves: skin numbness in the
treatment region was found in five patients.
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Figure 1 CT 2 months before HIFU shows a tumor mass in the upper abdomen
(arrow), with the SMA running out from the center (arrowhead).

Figure 2 T1 weighted imaging of MRI 1 wk before HIFU shows a large tumor in
the upper abdomen (arrow), with the SMA running out from the center of tumor
(arrowhead).

Severe complications

Superior mesentery arterial infarction: One day after
HIFU, one male patient (43 years old) with recurrent
colon carcinoma was found symptoms of ileus,
including abdominal pain and distension tenderness,
vomiting, rebound tenderness, and hypoactive bowel
sounds. Significant increase in leukocyte and neutrophil
granulocytes in a regular blood test was shown on d 3 and
noncoagulative haematodes fluid was extracted during
abdominal paracentesis. Furthermore, a white coagulative
necrotic tumor zone and entire small intestinal ischemia
necrosis due to superior mesentery arterial infarction
was found in a sequentially emergent exploration of
abdomen. Surgical resection of the entire small intestine
resection was conducted and resulted in the need for total
intravenous nutrition (Figures 1, 2 and 3).

Perforation in terminal ileum: during HIFU, another
male patient (58 years of age) with metastasis of a colon
carcinoma in the abdominal cavity and wall showed
a sudden hyperecho, from obvious attenuation in the
posterior part of the target tumor and disappearance
of the tumor boundary in real-time US. We stopped
HIFU treatment immediately. Subsequently, the patient
was found febrile with a body temperature continuously
rising to a climax of 39.2°C one day after HIFU and had
other symptoms typical of acute peritonitis. An emergent

Figure 3 The target tumor presented as a white coagulative necrosis in the
exploratory laparotomy 3 d after HIFU (arrowhead), the purple ischemia of the
necrotic small intestines are also shown (arrowhead), and the SMA turned out
from the center of tumor (arrow).

exploration was conducted and a diameter of 1.5 cm
perforation in the terminal ileum was found.

DISCUSSION

As a local non-invasive treatment for solid tumor ablation,

and with characteristics of directivity and focalization,
HIFU can transfer energy to target tissues, resulting in
ablation. The US wave is partially converted into heat,
making the focal temperature rise to over 90°C P2 This
thermal effect induces tissue and vessel damage by
coagulative necrosis. Because the temperature increases
quickly and swiftly, it is almost totally transferred to the
targeted tissue. Recently, there have been many clinical
studies using HIFU for alleviation of solid tumors
including hepatocellular carcinoma, breast cancer,
osteocarcinoma, e, HIFU has been thought to be a
generally noninvasive and safe modality for solid tumors.

However, there is some inevitable heat diffusion out of
the focal region which can damage the surrounding tissues.
Cavitation can also cause destruction of targeted and
surrounding tissue. Due to the negative part of the US,
intracellular water may enter the gaseous phase, leading to
the development of micro-bubbles. When these bubbles
reach the size of resonance, they suddenly collapse and
produce high-pressure shock waves, destroying adjacent
tissue”™**. Furthermore, due to other bio-effects of
focused ultrasound, such as heat deposition by reflection
and deflection of scattered ultrasound radiation, there
must be some complications in surrounding and overlying
tissues. Also, because of differences in heat sensitivity,
as well as energy deposition between these target and
adjacent tissues or organs, there are different side effects
or complications in different tissues or organs resulting
from HIFU treatment.

Other local factors also contribute to complications of
HIFU treatment for recurrent and metastatic abdominal
tumors. First, the reflection of ultrasound caused by tibs
and other bones can deposit ultrasonic energy in skin and
subcutancous layers, resulting in skin burns, especially
when targeting tumors in the upper abdomen and pelvic
cavity by HIFU. Secondly, absorption of ultrasonic energy
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by HIFU can damage tissues in the pathway of HIFU,
and hurt the adjacent tissues. Next, difference in acoustic
impedance (e.g. between gastric-intestinal tract, target
tumor and air) can result in different distribution of energy
into tissues and cause damage to the tissue in the interface.
Also, recurrent and metastatic abdominal tumors often
have been subjected to prior multiple treatments such as
surgery which causes changes in anatomy; these tumors
are large and anomalous, without definite boundaries.
Gastrointestinal motility easily causes dislocation of
the targeting volume during HIFU; US also has some
limitations in real-time monitoring the temperature
of the focal region and cavitation disturbs judgment
about the ablation region and may result in too much
ultrasonic energy being transferred to the target volume
and surrounding tissues. These factors may result in more
complications in patients with recurrent and metastatic
abdominal tumors in our study than in other studies.

The following are the detailed complications according
to different classification.

Thermal injury: this was the most common
complication due to ultrasonic energy deposition in the
pathway of ultrasound, including skin and subcutaneous
burns, and muscle heat injury. Thermal injury caused by
ultrasonic reflection: these complications usually happen
in the interface between tissues with drastic acoustic
impedance, which results in strong energy absorption.
Therefore, these traumas are located in the interfaces
either between air and skin, or between air and the
gastrointestinal tract. The bladder and skin on the opposite
side were also involved.

Trauma in adjacent tissues or organs: these
complications include damage of right renal function,
hematuria, enteroparalysis, etc. Impairments in thermal-
sensitive tissue: nervous tissue hurt in HIFU presents as
local numbness in skin.

Systemic reactions of thermotherapy owed to
ultrasound: these include fever during and post HIFU
treatment, elevation of blood creatinine, hypertension, ef.

In our study, skin burns were found in all 17 patients.
These skin burns differed in intensity; those with first and
second degree skin burns and soon recovered without
special treatments. In contrast, one patient suffered from
a deep skin burn (third grade) after HIFU, and needed
immediate surgery for full-thickness resection and suture.

Other systemic and local complications were relatively
rare, which were traumas of surrounding and ovetlying
tissues or organs. The majority of patients usually needed
no further special handling beyond accepted medical
observation and symptomatic treatment.

Unfortunately, there were two severe complications
including superior mesentery arterial infarction and
perforation of the terminal ileum. In a retrospectively
analysis, the former patient had a large tumor in the
upper abdomen with an irregular boundary, and the
superior mesentery artery (SMA) running out from the
center of tumor as secen by CT and MRI before HIFU. A
coagulatively necrotic and hardened target tumor induced
by HIFU may decrease arterial compliance which results in
lowering blood supply to the small intestine; edema in the
peritumor tissues also aggravate the compression to the
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SMA and can cause infarction and necrosis of the entire
small intestines. The latter patient with metastatic tumors
in the abdominal cavity and wall had perforation in the
terminal ileum due to HIFU treatment. The possible cause
for this complication was that the target tumor was close
to the terminal ileum which was full of fluid and little
air, these may result in difficult discrimination between
target tumor and ileum, and further causing imprecise
positioning of real-time US during HIFU. These may have
induced emission of the focused ultrasound into the ileac
wall directly and resulted in a perforation.

Though HIFU is a noninvasive treatment for patients
with recurrent and metastatic abdominal tumors, there
are some common and severe complications. Sufficient
preoperative imaging, partial coverage of the target tumor
for evading gut trauma with HIFU, clinical investigations
for changes of gut after HIFU, and even early exploratory
laparotomy for acute abdomen symptoms are all needed in
support of HIFU treatment.
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