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Introduction

Desmoid tumors are locally invasive soft-tissue neoplasms 
arising from connective tissues (1). Histologically, these 
tumors are monoclonal fibroblastic proliferations with 
no potential for metastasis. Desmoid tumors pose a low 
risk of death but can cause complications including severe 
pain, swelling, deformity, loss of range of motion, bowel 
obstruction, or perforation. To date, there are no evidence-
based or generally accepted management guidelines of 
unresectable desmoids. According to the latest European 
consensus (2), personalized management based on age, 
anatomic location, biological behaviors, and symptoms 
is recommended, including monitoring, surgery, medical 
therapy, radiotherapy, and local treatment. Durable local 
control of tumors with little function compromise and 
associated morbidity is the goal of management (3,4).

Local ablative treatment, being less invasive, less 
expensive, and requiring less anesthesia time, has been 
considered an alternative approach for desmoid tumors (5,6). 
High-intensity focused ultrasound (HIFU) is a noninvasive 
modality used for the treatment of localized tumors (7-9). 

In the past decade, some studies have reported the use of 
magnetic resonance imaging (MRI)-guided or ultrasound 
(US)-guided HIFU for the treatment of desmoid tumors 
(10-15). These studies have suggested that HIFU can be 
used safely and effectively for treating desmoid tumors to 
eliminate viable tumors or to provide long-lasting control of 
tumor growth through repeated treatments. The treatment 
protocol in these studies required general anesthesia or 
conscious sedation with the intravenous administration of 
fentanyl and midazolam and caused more severe adverse 
events, including second-degree skin burns, nerve injury, 
and off-target heating compared with daily repeated HIFU 
treatment without sedatives or intravenous analgesics (16).

US-guided peripheral nerve blockade (USg-PNB) 
has been widely accepted for providing local anesthesia 
in surgery and pain management in recent years. Many 
studies (17,18) have reported that USg-PNB is a safe 
alternative that uses minimal amounts of local anesthetic 
and does not require hemodynamic monitoring or extended 
postprocedural observation. However, no reports of using 
USg-PNB during HIFU treatment have been published 
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thus far. In this paper, we describe the usefulness and 
effectiveness of USg-PNB in the HIFU treatment of four 
patients with extra-abdominal desmoid tumors. 

Case presentation

All procedures performed in this study were in accordance 
with the ethical standards of the Institutional Ethics 
Committee of Shanghai Sixth People’s Hospital and with 
the Helsinki Declaration (as revised in 2013). Treatment 
options were discussed with the patients, and written 
informed consent was obtained from the patients or their 
legal guardians for publication of the case report and 
accompanying images. A copy of the written consent is 
available for review by the editorial office of this journal.

During the period from September 2019 to February 
2023, four patients who had symptomatic desmoid tumors 
that were confirmed histologically (ranging from 6.7 to  
19 cm in size) were referred for USg-HIFU treatment (Table 1). 
In order to alleviate any pain caused during the treatment, 
USg-PNB was administered before the HIFU treatment.

Patients were positioned in the prone or supine position 
to provide optimal visualization and access to the nerve. 
Interfascial plane blocks, a subgroup of Usg-PNB, require 
a different technique from that of direct nerve block, as no 
specific nerve is visible on US. The analgesics were injected 
in specific fascial planes and analgesia achieved through 
absorption of the injectate by the targeted nerves, with a 
transducer cover being employed. The skin was cleaned 
in compliance with the standard sterilization technique. 
A small-gauge standard block needle was inserted in-
plane adjacent to the target nerve and was guided with 
real-time US visualization or into the plane between two 
fasciae. Beam steering was an option to enhance needle 
visualization. To prevent accidental vascular injection, 
aspiration was performed as necessary. When the needle tip 

was located around the epineurium or between two fasciae, 
the analgesics were injected under US guidance. The 
anesthetic was gradually injected in 1- to 2-mL portions 
and was visualized as hypoechoic fluid hydrodissecting 
and accumulating within the tissue surrounding the nerve  
(Figure 1) or separating two fasciae. We used a mixture of 
0.75% ropivacaine (5 mL) and 1% lidocaine (5 mL) in a 
1:1 ratio, which usually provides 4 to 6 hours of anesthesia 
sufficient for HIFU treatment procedures. The average 
time of the nerve block procedure was 13 minutes (range, 10 
to 18 minutes). USg-PNB was performed by a radiologist 
with 3 years of experience in the field of musculoskeletal 
diagnostic and interventional US who had completed US-
guided nerve block continuing educational training.

HIFU treatment was provided using the HIFUNIT-9000 
(Shanghai Aishen Technology, Shanghai,China). The major 
parameters of therapeutic equipment were as follows: 
transducer diameter, 20 cm; focal length, 15 cm; frequency, 
0.8 MHz; and power, 0–400 W. The echogenic change of 
the tumor during therapy was monitored via real-time US. 
Generally, the largest cross-section of the tumor is selected 
as the initial layer of treatment, and then treatment expands 
toward both ends. Each therapeutic point is subjected to  
6 pulses, with a spacing of 3 mm between adjacent 
therapeutic points. The duration of each pulse is 200 ms,  
and there is a 600-ms interval between each pulse. 
Additionally, there is a spacing of 3 mm between adjacent 
treatment layers. Within each layer, sonication usually 
starts from deep to shallow. We set the output power of the 
HIFU according to the depth of the tumor. Although the 
treatment was performed automatically once the parameters 
were configured, adjustment was necessary with regard to 
the reaction of patients and the response to the treatment. 
The target region usually includes the whole tumor and a 
safety margin of 1 cm around the tumor with a margin of at 
least 1 cm from the adjacent or enveloped nerve if existed 

Table 1 Demographics

Case number Age (years) Sex Location of tumor Prior treatment Maximum diameter (cm)

1 38 Male Right forearm Surgery, imatinib mesylate 17

2a 25 Female Left rectus abdominis None 6.7

2b 25 Female Iliopsoas muscle None 7.5

2c 25 Female Obturator muscle None 9.6

3 35 Female Left anterolateral thigh Apatinib 12

4 15 Female Left calf Surgery twice, celecoxib 19
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deliberately missed. Contrast-enhanced US and contrast-
enhanced MRI were used to assess the extent of HIFU 
ablation. These procedures were performed by physicians 
with 2–5 years of experience in HIFU interventions. During 
HIFU treatment, the heart rate, blood pressure, and oxygen 
level of the patient were monitored. The numeric rating 
scale (NRS) was used to assess pain during treatment. 

Case 1, a 38-year-old male, attended our HIFU clinic 
to undergo evaluation of a recurrent desmoid tumor 
in his right forearm. He had been subjected to surgical 
resection of the initial lesion in his forearm. The recurrence 
was found by MRI 6 months after resection, and he was 
subsequently treated with imatinib mesylate (STI-571 
Glivec, Gleevec), a specific tyrosine kinase inhibitor which 
regulates mesenchymal cell growth and angiogenesis (2) 
for the following 6 months. However, the tumor continued 
to grow. The recurrent tumor was located in the mid-to-
distal right forearm between the radius and ulna and closely 
adhering to the ulnar nerve and median nerve, with local 
bone erosion and deformity. US showed focal enlargement, 
hyperintensity, and altered fascicular patterns of the ulnar 
nerve and median nerve which were signs of neuropathy. 
The tumor had an irregular shape, with a maximum length 
of 17 cm at the time of HIFU treatment (Figure 2A). The 
patient complained of swelling, numbness, and pain in his 
right hand and forearm, with decreased grip strength and 
muscle atrophy. He received three HIFU treatments. US-
guided brachial plexus nerve block was performed, with an 
axillary approach being selected for operative pain relief 
before HIFU treatment. All treatments were carried out 
smoothly and successfully. The pain was well controlled 
with a regional nerve block, and only a first-degree skin 
burn was observed on some parts of the forearm. The 

patient’s complaints of pain in his right hand and forearm 
were significantly relieved 2 days after the final treatment. 
MRI showed that more than 90% of the tumor had been 
ablated immediately after the final treatment (Figure 2B). 
During 29 months of follow-up, the maximum length of the 
tumor shrank to 3 cm (Figure 2C).

Case 2, a 25-year-old female, attended our HIFU clinic 
for evaluation of a desmoid tumor in the rectus abdominis, 
iliopsoas, obturator, and gluteus muscle around the left 
hip (Figure 3A). The largest lesion was in her rectus 
abdominis muscle as histologically confirmed by biopsy. 
She complained of discomfort during hip adduction and 
external rotation. Due to the particular location of the 
tumor, a resection would result in a critical functional 
sacrifice that was not suggested by a multidisciplinary team 
(MDT) specializing in the care of soft-tissue tumors. The 
patient refused chemotherapy and radiation therapy due 
to personal reasons. She received two different approaches 
simultaneously as suggested by the MDT: (I) HIFU 
treatment of lesions in the rectus abdominis and gluteus 
muscles and (II) watchful waiting management of smaller 
lesions in the iliopsoas and obturator muscles. She received 
two HIFU treatments separately on both lesions. Unilateral 
subcostal transversus abdominis plane nerve block was 
performed under US guidance before HIFU treatment of 
the lesion in the rectus abdominis. No anesthetic approach 
was applied to the patient during the HIFU treatment of 
the lesion in the gluteus muscle. The pain was controlled 
well in the treatment of the lesion in the rectus abdominis, 
and no skin burn was observed. A complaint of mild pain 
was encountered during the treatment of a lesion in the 
gluteus muscle. MRI showed that more than 80% of both 
tumors had been ablated (Figure 3B). During 48 months 

Figure 1 Brachial plexus nerve block. (A) Ultrasonography of the axilla showing the axillary artery, axillary vein, median nerve, ulnar nerve, 
radial nerve, and the conjoint tendon of the latissimus dorsi and teres major muscles (conjoint tendon). (B) Needle trajectory. (C) Needle 
trajectory and local anesthetic (dotted line area) spread around the nerves. A, axillary artery; V, axillary vein; MN, median nerve; UN, ulnar 
nerve; RN, radial nerve.

A B C
MN

MN
V

VA

A

UN UNBiceps brachialis
Conjoint tendon

RN

RN

Needle Needle



Chen et al. Case series of nerve block-assisted HIFU therapy of desmoid tumor1228

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2024;14(1):1225-1233 | https://dx.doi.org/10.21037/qims-23-516

of follow-up, the volume of tumor treated with HIFU 
shrank by 95% (Figure 3C). On the other hand, the lesion 
in the iliopsoas muscle had increased from 1.5 to 9.6 cm 
in diameter at 33 months of follow-up. The patient then 
received two HIFU treatments on the lesion in the iliopsoas 
muscle. Transversus fascial plane nerve block and femoral 
nerve block were performed under US guidance before 
HIFU treatment of the lesion in the iliopsoas muscle. The 
pain was well controlled, and no skins burn were observed. 

MRI showed more than 60% ablation of the tumor, and 
during the 15 months of follow-up, the tumor in the 
iliopsoas muscle shrank to 6 cm in diameter with no obvious 
progression.

Case 3, a 35-year-old female, was diagnosed with a 
desmoid tumor in the deep subcutaneous fascia of the left 
anterolateral thigh. The initial irregular-shaped lesion was  
8 cm in diameter. She went on watchful waiting management 
for 24 months with the lesion progressing. Subsequently, 
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Figure 2 Images of tumor in case 1. (A) MRI (T1W FSE sequence of contrast) of the forearm before HIFU treatment showed an enhancing 
mass (white arrow). (B) MRI (T1W FSE FS sequence of contrast) immediately after HIFU showed a large area of necrosis in the mass (white 
arrow). (C) MRI (T1W FSE sequence of contrast) of the forearm 29 months after HIFU treatment showed small residual masses (white 
arrow). Note that due to the edema and atrophy of the forearm post-HIFU, the bone was not in the same plane as the tumor in the pre-
HIFU sequence. MRI, magnetic resonance imaging; T1W FSE, T1-weighted fast spin echo; HIFU, high-intensity focused ultrasound; 
T1W FSE FS, T1-weighted fast spin echo fat-saturation. 

Figure 3 Images of tumor in case 2. (A) MRI (T1 VIBE sequence of contrast) of the pelvis before HIFU treatment showed two enhancing 
masses in the rectus abdominis (white arrow) and gluteus muscle. (B) MRI (T1 VIBE FS sequence of contrast) 1-month post-HIFU showed 
a large area of necrosis in the mass of the rectus abdominis (white arrow). (C) MRI (mDIXON sequence of contrast) of the pelvis 48 months 
after HIFU treatment showed small residual masses (white arrow). MRI, magnetic resonance imaging; VIBE, volumetric interpolated 
breath-hold examination; HIFU, high-intensity focused ultrasound; FS, fat saturation; mDIXON, multipoint Dixon.
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she was treated with apatinib for 2 months but discontinued 
treatment due to drug side effects. The tumor continued 
growing in the following 10 months. When she was referred 
to our clinic, the tumor had increased to 12 cm in diameter 
(Figure 4A). She complained of paresthesia of the left 
anterolateral thigh and experienced pain when sitting. US 
showed a thickened femoral lateral cutaneous nerve running 
through the lesion. She received three HIFU treatments. 
A left lateral femoral cutaneous nerve block was performed 
under US guidance for operative pain relief before HIFU 
treatment. The pain was controlled well with a regional 
nerve block, and only a first-degree skin burn was observed 
on part of the left anterolateral thigh. MRI showed more 
than 80% ablation of the tumor immediately after the final 
treatment (Figure 4B). During 1 month of follow-up, the 
tumor in the deep subcutaneous fascia shrank to 11 cm in 
diameter with no obvious progression.

Case 4, a 15-year-old female, was diagnosed with a 
desmoid tumor in her left calf. She had undergone surgical 
resection of the initial lesion. The first recurrence was 
detected 6 months after resection, and the recurrent tumor 
was surgically removed again. However, 6 months after 
the second resection, another recurrence was confirmed 
by MRI. The recurrent tumor was located at the original 
surgical region within the gastrocnemius and the soleus 

muscle with the tibial nerve being encapsulated. When 
she was referred to our clinic, the maximum length of the 
tumor had grown to 19 cm (Figure 5A). She complained of 
left calf pain and restricted dorsiflexion of the left foot. She 
received five HIFU treatments. A left popliteal tibial nerve 
block was performed under US guidance for operative 
pain relief before HIFU treatment. The pain was well 
controlled, and no skin burns were observed. The patient’s 
complaints of pain were significantly relieved by the end of 
the treatments. MRI performed after the treatments showed 
that approximately 80% of the tumor had been ablated 
(Figure 5B). During 2 months of follow-up, the lesion 
within the gastrocnemius and the soleus muscle shrank to 
18 cm in diameter with no obvious progression (Figure 5C).

Discussion 

Desmoid tumors are tough, ill-defined, and characterized 
by abundant collagen and fibroblastic cells that infiltrate 
the surrounding fascia and muscle. The principle of HIFU 
therapy is to focus the ultrasonic waves generated by the 
ultrasonic transducer outside the body on the lesion in 
the body so that the sound intensity in the focal area is 
sufficiently high to cause tissue coagulation necrosis. Thus 
far, HIFU therapy has been mostly applied to the treatment 

Figure 4 Images of tumor in case 3. (A) MRI (T1 VIBE sequence of contrast) of the left thigh before HIFU treatment showed an enhancing 
mass (white arrow). (B) MRI (T1 VIBE FS sequence of contrast) 1-month post-HIFU showed a large area of necrosis in the mass of the 
left thigh (white arrow). MRI, magnetic resonance imaging; VIBE, volumetric interpolated breath-hold examination; HIFU, high-intensity 
focused ultrasound; FS, fat saturation. 
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of uterine fibroids, prostate cancer, and bone metastases. 
A few studies (10,11,13,14) have reported HIFU-treated 
desmoid tumors with relatively high ablation rates, ranging 
from 49% to 90%. The effectiveness may be related to the 
histopathologic tissue type of desmoid which is similar to 
hyalinized uterine fibroids containing a higher proportion 
of collagen with a high sound absorption coefficient 
and sensitivity to heat. Compared with intra-abdominal 
desmoids, extra-abdominal tumors have an easier placement 
and alignment during HIFU treatment due to a lack of 
interference and obstruction of intestinal gas and ribs. Fit-
to-shape HIFU ablation of desmoid tumors can be used to 
maximally preserve function. Furthermore, without concern 
for cumulative dose effects, multiple HIFU treatments are 
suitable for long-term disease control. 

However, the pain during the ablation can be an obstacle 
to HIFU ablation. In related studies, HIFU treatments 
of desmoid tumors were consistently performed under 
general anesthesia or conscious sedation. Complications 
of general anesthesia and conscious sedation may include 

postoperative pain, nausea, vomiting, headache, feelings 
of sleepiness, and respiratory problems. Moreover, general 
anesthesia requires at least 8 hours of fasting and closer 
monitoring of vital signs, which is not required with the 
nerve block technique. In contrast, USg-PNB is associated 
with fewer complications and effective pain control. US 
examination before HIFU treatment not only acts as a 
HIFU pretreatment localization technique but also permits 
a detailed and person-specific examination of the peripheral 
nerve that innervates the tumor region. Moreover, US 
facilitates visualization of the block needle, target nerves, 
and local anesthetic injection which allows fast and accurate 
needle placement with small volumes of local anesthetic (19). 

This is the first report of USg-PNB being used during 
HIFU treatment. We report four patients with extra-
abdominal desmoid tumors treated with US-guided HIFU 
ablation under US-guided peripheral nerve block. The 
mean ablation rate of the tumor was 78% (range, 60–90%). 
The successful rate of single-injection nerve block was 
100%. Of note, due to the relatively short treatment time 

Figure 5 Images of tumor in case 4. (A) MRI (T1 VIBE sequence of contrast) of the left calf before HIFU treatment showed an enhancing 
mass (white arrow). (B) MRI (T1 VIBE FS sequence of contrast) 1-month post-HIFU showed a large area of necrosis in the mass of the 
left calf (white arrow). (C) MRI (T1 VIBE FS sequence of contrast) 2 months post-HIFU showed tumor shrinkage (white arrow). MRI, 
magnetic resonance imaging; VIBE, volumetric interpolated breath-hold examination; HIFU, high-intensity focused ultrasound; FS, fat 
saturation.
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and to reduce the neurotoxic of local anesthetic agents, 
low doses and low concentrations of anesthetic agents were 
applied. Patients were awake during the treatment and 
could be treated from different angles by performing simple 
position changes to improve the effectiveness of treatment. 
During treatment, the NRS was used to assess pain severity 
(Table 2). The mean NRS score was less than 1 during 
HIFU treatment. Patients with extra-abdominal desmoid 
tumors are generally at greater risk of skin burns due to the 
relatively short skin-to-lesion distance. In this case series, 
2 out of 4 patients experienced first-degree skin burns that 
healed within 2 weeks. Although some studies (20,21) have 
reported long-term complications including sensory and/
or motor deficit of the nerve caused by USg-PNB, no long-
term complications of USg-PNB were observed in our 
cases. No patient experienced functional impairment or 
infection after the HIFU ablation, and all patients returned 
home 30 minutes after the HIFU ablation.

In our experience, USg-PNB for HIFU treatment of 
extra-abdominal desmoid tumors is safe and effective. 
Compared with general anesthesia or conscious sedation, 
USg-PNB not only takes less time to perform, but also 
provides quicker recovery, requires less medication when 
patients return home, and reduces the cost of treatment. 
Despite the limited sample size, our experience provides 
evidence that USg-PNB could be a useful method of 
anesthesia in HIFU treatment for extra-abdominal desmoid 
tumors and is worthy of continued investigation. Further 
experience with USg-PNB in HIFU treatment may confirm 

its suitability as an anesthetic option in HIFU treatment 
of other extremity soft-tissue tumors such as recurrent 
sarcomas.

Acknowledgments 

Funding: This study was supported by the Shanghai Key 
Clinical Disciplines Fund (grant No. shslczdzk03203) 
and the Scientific Research Foundation of Shanghai Sixth 
People’s Hospital (project No. ynhg202105).

Footnote 

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at https://qims.
amegroups.com/article/view/10.21037/qims-23-516/coif). 
The authors have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. All procedures 
performed in this study were in accordance with the ethical 
standards of the Institutional Ethics Committee of Shanghai 
Sixth People’s Hospital and with the Helsinki Declaration (as 
revised in 2013). Treatment options were discussed with the 
patients, and written informed consent was obtained from 
the patients or their legal guardians for publication of the 
case report and accompanying images. A copy of the written 

Table 2 Treatment results

Case 
number

Blocked nerve
HIFU  

sessions (n)
Pain during 
HIFU (NRS†)

Total follow-
up (months)

Maximum 
diameter before 

HIFU (cm)

Maximum diameter 
at the end of  

follow-up (cm)

Ablation 
ratio‡ (%)

Side effects

1 Axillary  
brachial plexus

3 0 29 17 3 >90 First-degree  
skin burn

2a Transverse  
abdominus plane

2 0 48 6.7 1 80 None

2b Femoral nerve, 
transverse fascial plane

2 1 15 9.6 6 60 None

3 Lateral femoral 
cutaneous nerve

3 1 1 12 11 >80 First-degree  
skin burn

4 Popliteal tibial nerve 5 1 2 19 18 >80 None
†, the pain NRS with which patients rated their pain intensity at the time according to the following scheme: no pain =0, mild pain =1–3, 
moderate pain =4–6, and severe pain =7–10; ‡, ablation ratio = nonenhanced tumor volume/total tumor volume on MRI after treatment. 
HIFU, high-intensity focused ultrasound; NRS, numeric rating scale; MRI, magnetic resonance imaging.
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