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a b s t r a c t

Introduction: Desmoid-type fibromatosis (DF) is a fibrous tumor characterized by low-grade malignant
and easy invasive growth and high recurrence. High-intensity focused ultrasound (HIFU) therapy has
been identified as a novel non-invasive approach for DF treatment; however, the ultrasonic energy
generated by HIFU can cause skin heat injury.
Case: A 31-year-old female patient with signs and symptoms of DF received treatment in our institution.
The patient had undergone HIFU treatment six times from April 27, 2018, to August 21, 2019. After HIFU
therapy for the third time, she had a third-degree skin burn showing as orange peel-like change and
spent three months to promote the recovery of the skin lesions. An intermittent ice-cooling strategy was
used to avoid skin damage during the fourth HIFU treatment. This patient did not have any apparent skin
injury during the last three HIFU therapy and acquired satisfactory anti-tumor therapeutic effect.
Conclusions: There are differences in the thermal selectivity of tumor tissues, which leads to different
critical thermal injury temperature values that the tissue can tolerate. Ice-cooling can lower skin tissue
temperature and reduce the thermal damage caused by HIFU treatment.
© 2020 The authors. Published by Elsevier B.V. on behalf of the Chinese Nursing Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
What is known?

� High-intensity focused ultrasound (HIFU) technology has been
considered as a novel non-invasive therapeutic strategy for the
treatment of aggressive fibrous sarcoma. However, skin burns is
one of the complications of HIFU.
What is new?

� Intermittent ice-cooling strategy can prevent and reduce the
skin burns caused by high-intensity focused ultrasound treat-
ment of aggressive fibrous sarcoma.
1. Introduction

Desmoid-type fibromatosis (DF) is a fibrous tumor formed by
n).
ing Association.
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the clonal proliferation of fibroblasts or myofibroblasts within deep
soft tissues, including muscle, fascia, or tendon. It is a rare inter-
stitial tumor that lacks the capacity of long distant metastatic;
however, it can invade adjacent important structures and organs
and has a high recurrence rate [1]. DF mainly occurs in females, and
the abdominal wall is one of its common lesion locations. Although
surgery is the first choice for the treatment of DF, it could not
provide a good long-term disease-free survival rate. Previous
studies have demonstrated that the local recurrence rate of DF can
be as high as 70% [2,3]. The technology of high-intensity focused
ultrasound (HIFU) therapy has been considered as a novel non-
invasive therapeutic strategy for solid tumors treatment [4].
Compared with other traditional approaches, HIFU has the advan-
tages of high therapeutic accuracy and less destructive to the tis-
sues adjacent to the lesion. Multiple clinical trials have proved the
safety and feasibility of HIFU for the treatment of DF [5e8].

HIFU destroys the lesion through the ultrasonic energy gener-
ated by the external transducer. The incidence of several compli-
cations such as visceral bleeding and visceral perforation can be
increased with the enhanced ultrasound energy, and skin burn is
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one of the most common complications caused by HIFU [9,10].
Previous studies have revealed that the incidence of heat injury in
subcutaneous fat and anterior abdominal wall muscle caused by
HIFU can reach 11% [11,12]; so far, the effective preventive measures
for tissue heat damage induced by HIFU therapy remain limited.
Here, we presented a case report of a female patient with DF who
had to stop HIFU therapy due to a third-degree skin burn. Subse-
quently, when this patient received high-dose, long-term HIFU
treatment at the same lesion, intermittent ice-cooling during HIFU
therapy could effectively prevent skin heat injury without affecting
the therapeutic efficacy of the tumor.

2. Case report

2.1. Patient information

A 31-year-old female with a solid mass located in the left
lower abdominal wall, with a size of 6.4 cm � 4.2 cm � 5.1cm
went to our institution, the Second Affiliated Hospital of Zhe-
jiang University, School of Medicine, in April 2018. The patient is
from the southern coastal area. She felt a swelling in the left
groin area (close to the cesarean section scar) after a cesarean
section surgery in March 2013, with no tenderness and no skin
redness. An ultrasound examination by a local hospital revealed
a hypoechoic mass on the left lower abdominal wall. Subse-
quently, surgical resection was performed, and the postoperative
pathology suggested invasive DF (Fig. 1 A). Four months after the
operation, the patient found a mass in the operation area by
herself, and a second operation was performed in July 2013,
followed by the postoperative pathology report revealing
recurrence of invasive DF. This patient had tumor recurrence
three times in the same location in the following five years, from
2013 to 2018, and she received surgery three times and radio-
therapy for once. In March 2018, she had found a mass in the left
lower abdominal wall again. The Magnetic resonance maging
(MRI) examination by another local hospital showed the recur-
rence of DF of 3.1 cm � 3.4 cm � 2.7cm in March 2018 (Fig. 1 B).
Subsequently, this patient was admitted to our hospital in April
2018.

Considering surgical difficulty caused by the complex adhesion
between the tumor and the surrounding tissues as well as the
disagreement of surgery from the patient, we ultimately performed
HIFU ablation to treat DF after acquiring the patient’s informed
consent. The patient had received HIFU treatment six times from
April 27, 2018, to August 21, 2019. In the first two HIFU treatments,
the patient suffered mild skin injury. After the third HIFU therapy,
she had a third-degree skin burn showing an orange peel-like
change. Therefore, the patient had to stop the treatment and take
three months for skin lesion recovery. During the fourth HIFU
Fig. 1. Invasive desmoid-type fibromatosis of the patient. (A) H & E staining of the specimen
tissue (original magnification � 40). The red asterisk indicated the lesion. (B) MRI scan in 2
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treatment, intermittent ice-cooling therapy was used to avoid skin
damage. After intermittent ice-cooling therapy, the skin surface
temperature decreased significantly (Fig. 2). The patient did not
have obvious skin injury during the three subsequent HIFU treat-
ments (Fig. 3) and acquired a good anti-tumor therapeutic effect
(Fig. 4). The patient was suggested to receive regular MRI exami-
nations with an interval of 3 months. So far, there is no sign of
recurrence. In this case, the patient’s written informed consent for
releasing case data and images has been obtained. The detailed
ethical information has been approved by the ethics committee of
the Second Affiliated Hospital of Zhejiang University, School of
Medicine (2020784).
2.2. High-intensity focused ultrasound treatment

The FEP-BY02 high-intensity focused ultrasound tumor treat-
ment system (Yuande Biomedical Engineering Co. Ltd, Beijing,
China) was used, and the HIFU procedure was performed by Hu
et al. [13] in this case. During the operation, a pulsed heat accu-
mulation approach was applied to dynamically modulate the
therapeutic area, intensity and dose based on the intraoperative
ultrasound contrast imaging. The therapeutic regimen during HIFU
was performed as previously described: T1 emission time is
200 ms; T2 interval time is 200 ms; a total number of shots at each
therapeutic point is 25 times (lasting 10 s), keeping a spacing of 1
mm between adjacent treatment slices; Every three therapeutic
points composed one unit with 30 s interval between units, and
the whole therapeutic process was divided into three sections
including five therapeutic units for each. The details of HIFU
treatment were available in Table 1. During the operation, we
firstly used an ultrasound coupling agent to the skin area that is or
may be in contact with the ultrasound water bladder. It can fill the
tiny gaps between the contact surfaces, reduce the reflection loss
of ultrasonic energy at this interface. It also plays a “lubricating”
role to reduce the friction between the probe surface and the skin.
After a round of HIFU treatment, we use sonovi to perform ul-
trasound contrast to determine whether the treatment is effective.
Then we adjust the position of the center point of ultrasound
treatment for the next round of HIFU treatment. When there is a
mass gray change in the treatment area or an obvious overall gray
increase, and sonovi-used Doppler ultrasound immediately after
treatment shows no obvious blood-flow signal inside the lesion, it
is the standard for effective and discontinuation of treatment.
After the treatment, the magnetic resonance examination is used
as the evidence to determine whether the treatment is needed
again.
from the patient in 2013 showed that the mass was irregular and infiltrated the adipose
018. MRI ¼ magnetic resonance imaging.



Fig. 2. The change of the patient’s skin surface temperature during HIFU therapy. HIFU ¼ high-intensity focused ultrasound.

Fig. 3. The patient’s skin changes after HIFU treatment. (A) Mild skin injury after the 1st HIFU treatment. (B) Skin burn due to the 3rd HIFU treatment. (C) Mild skin injury after the
5th HIFU treatment. (D) Mild skin injury after the 6th HIFU treatment. HIFU ¼ high-intensity focused ultrasound.

Fig. 4. Therapeutic effect of HIFU treatment on tumor detected by MRI. (A) Before the 1st HIFU treatment. (B) After the 1st HIFU treatment. (C) After the 3rd HIFU treatment.(D)
After the 6th HIFU treatment. Red arrrows indicated the lesion. HIFU ¼ high-intensity focused ultrasound. MRI ¼ magnetic resonance imaging.

Table 1
The detailed parameters utilized in multiple times of high-intensity focused ultrasound treatment for the patient.

HIFU treatment sequence Performing date Ultrasonic power (W) Total emission energy (J) Total treatment duration (min) Total ice-cooling duration (min)

1 2018-04-27 500e520 40320.3 39.53 5.25
2 2018-05-23 420e480 49780.0 59.18 7.75
3 2018-07-04 360e400 44357.4 58.90 6.25
4 2018-12-05 350e400 64242.7 66.30 9.00
5 2019-07-19 420 65266.1 70.92 8.25
6 2019-08-21 520 198681.1 122.77 15.00
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2.3. The process of intermittent ice-cooling therapy

We prepared ice packs before conducting HIFU treatment. To
ensure patient safety and prevent infection, we injected 0.5ml so-
lution of methylene blue into 500 ml sodium lactated ringer’s in-
jection in a VIAFLEX plastic container (produced by Shanghai Baxter
Medical Products Co., Ltd.) and put it into amedical freezer (�4 �C) to
make an ice pack. During the process of HIFU treatment, we
launched the ice-cooling therapy when we found that the patient’s
skin color changed. At the end of each round of HIFU treatment, the
ice pack was placed onto the reddest spot on the patient’s skin lesion
for 10 s during the intermitted period of the HIFU therapeutic unit,
then HIFU therapy was continued. These steps were cycled until the
end of the treatment. If the skin appeared redness and swelling
during the treatment, the ice-cooling durationwould be extended to
20 s. If the skin became blister-like or dark, the total ice-cooling
duration could be extended to 30 s. In addition, if noticeable blis-
ters appear in the skin after the completion of HIFU therapy, the ice-
cooling therapy could continue for 60 s, then stop for 30 s. The ice-
cooling therapy could be cycled for a total of 10 min. When a
round of ultrasound ablation treatment was finished, the skin tem-
perature of the treatment point was measured with an infrared
temperature irradiation equipment, FLIR ONE Pro thermal imaging
camera (produced by Beijing Chuangcheng Zhijia Technology Co.,
Ltd.). After ice-cooling for 10 s, the patient’s skin temperature of the
treatment point was reduced by 6e10 �C on average.

3. Discussion

The biological characteristics of DF are low-grade malignant as
well as easy invasive growth and high recurrence. Previous studies
have revealed that HIFU is the first choice for treating DF, and
surgical damage may also promote tumor recurrence [2]. Although
HIFU has been identified as an effective non-invasive approach for
DF treatment, the ultrasonic energy generated byHIFU therapymay
cause heat injury [10]. This case report suggested that intermittent
ice-cooling during HIFU can effectively prevent and reduce skin
heat damage without affecting the therapeutic efficacy.

Selective hyperthermia therapy targeting tumor allows the
reduction of blood flow within the tumor tissue compared with
that in the surrounding tissue [14]. The temperature within the
central part of the tumor tissue is usually 3e7 �C higher than the
temperature within the surrounding tissue, which can cause the
lethality of the tumor without damaging the surrounding normal
tissue [15]. Therapeutic efficacy would be achieved ideally without
skin heat injury if only lesion tissue absorbed heat energy while the
skin tissue does not absorb it. However, the heterogeneity of tumor
tissue can reduce the absorption of heat energy of tumor tissue,
leading to decreased therapeutic effect and increased incidence of a
complication caused by hyperthermia ablation. Ice-cooling can
decrease local skin temperature, reduce local blood flow, and pre-
vent tissue swelling and congestion. Meanwhile, ice can artificially
decrease the temperature of the skin tissue around the tumor,
causing a significant temperature difference between tumor tissue
and its surrounding tissue, thus improve the therapeutic efficacy of
selective hyperthermia ablation [16,17].

The effect of ice-cooling is mainly determined by the tempera-
ture changes within the tissue. Normal human skin temperature
fluctuates from 20 �C to 47 �C. When the skin surface temperature
declines to 15 �C, the cell metabolic rate starts to decrease.
Furthermore, when the temperature reaches 10e11 �C, the rate of
cell metabolism decreases by 50%, indicating that the temperature
of 15e20 �C is safe for skin care [18].

Inprevious cases ofHIFU treatment,weusedan infrared irradiator
to measure the skin surface temperature and found that ice-cooling
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for 10 s during the HIFU therapy led to the reduction of surface skin
temperature by about 20 �C. In the current case, we found that the
skin temperature gradually increased with the extension of the HIFU
time, reached the highest (40 �C) at the moment of stopping the
emission, and thereafter gradually decreased. Therefore, intermittent
ice-cooling for 10 s to remain the skin surface temperature at 20 �C,
thus can prevent skin burns. Additionally, in the case of redness,
swelling, andblisters appearedon thepatient’s skin,weextended ice-
cooling duration to allow the heat diffused from deep tissues with
high temperature to surrounding tissues with low temperature. The
skin temperaturewas reduced to 15 �C, and effectively attenuate heat
injury caused by HIFU treatment.

In this study, ice-cooling therapy can effectively prevent the
patient’s skin burns. However, the patient’s total HIFU treatment
time was extended. The reason is that high-intensity focused ul-
trasound is a thermal ablation treatment. Through heat conduction,
ice-cooling reduces the heat accumulation of the tissue. In order to
achieve the same ablation goal, it is necessary to extend the time of
heat accumulation, which leads to a prolonged treatment time for
the operation. Furthermore, the heterogeneity of tumor tissue leads
to the different tolerance of tumor tissue to heat energy. The spe-
cific cooling duration and area for specific tumors treatedwith HIFU
need to be determined. Large-scale clinical trials need to be carried
out in the future.

4. Conclusions

HIFU is an effective treatment for invasive fibromatosis, but
there is a risk of skin heat damage during the treatment. Ice-cooling
can prevent thermal damage to the skin tissue during HIFU treat-
ment and reduce the degree of skin injury during thermal damage.
It may be one of the methods to prevent heat injury during HIFU
treatment.
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