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Abstract. Short-term efficacy and safety of magnetic 
resonance-guided focused ultrasound surgery (MRgFUS) for 
analgesia in children with metastatic bone tumors were studied. 
Thirty children with pediatric bone metastases admitted to 
Jinan Maternity and Child Care Hospital from March 2015 
to March 2018 and who received MRgFUS treatment of the 
bone metastasis lesions were collected. The postoperative 
efficacy was assessed. The observation indicators included the 
Numerical Rating Scale (NRS) scores, European Organization 
for Research and Treatment of Cancer (EORTC) and Quality 
of Life Questionnaire (QLQ) scores before surgery, and 
1 week, 1, 2, and 3 months after surgery and the Karnofsky 
Performance Status (KPS) scores before surgery, and 1 week 
and 3  months after surgery. The adverse reactions and 
medications of the children after the surgery were also under 
observation. NRS and VAS scores of all different observation 
time-points after surgery were statistically lower than those 
before surgery (P<0.05), and the NRS scores and Visual 
Analog Scale (VAS) scores 3 months after surgery were lower 
than those 1 week after surgery (P<0.05). Compared with the 
preoperative conditions, the QLQ-C30 scores of terms like 
physical function, cognitive function, nausea and vomiting, 
and degree of pain 1 week, 1, 2, and 3 months after surgery 
were decreased, and the clinical symptoms of the children 
were relieved (P<0.05). There was a statistical difference 
between the total QLQ-C30 scores 3 months after operation 
and the total QLQ-C30 scores 3 months before operation 
(P<0.05). No serious adverse reactions related to treatment 
were reported, and the application of analgesics was reduced. 

MRgFUS relieves bone metastasis pain in children with good 
curative effect and high safety.

Introduction

Metastatic bone tumor, a tumor that is metastasized from 
other parts of the body to the bone through blood or lymphatic 
pathway (1), occurs in children with malignant tumors (2,3). 
During the clinical diagnosis and treatment, metastatic bone 
tumors are often confused with primary bone tumors due to 
the lack of symptoms of the primary bone tumors (4). The most 
common malignant tumors in children with bone metastasis 
are neuroblastoma and nephroblastoma (5,6). Pathological 
fractures at the metastatic bone often occurs when tumor cells 
metastasize into the bone, accompanied by severe pain (7), and 
in some cases, the unbearable pain becomes the main aspect in 
survival of patients with bone metastases (8). To give safe and 
effective analgesic treatment in children with bone metastasis 
has become the top priority in improving the quality of life of 
children with bone metastases.

High-intensity focused ultrasound (HIFU) [an emerging 
technology that focuses ultrasound beams emitted from 
outside the body at target lesions in the body to produce 
local hyperthermia to kill tumor cells (9)], has been proven 
by studies to be able to greatly relieve severe pain in patients 
with advanced pancreatic cancer that cannot be treated 
surgically (10), and to give good efficacy in the treatment of 
prostate cancer and breast cancer (11,12). However, the inca-
pability of the HIFU method to perform real-time monitoring 
on the temperature and the treatment sites brings potential 
risk that the displaced ultrasound beams and the exces-
sively high temperature may damage the tissues around the 
lesions and bring other unexpected damage (13). MR-guided 
focused ultrasound surgery (MRgFUS), with the help of MR 
imaging technology, can perform temperature monitoring 
and dynamic localization to guide the ultrasonic scalpel 
for rapid ablation of target lesions (14), which has achieved 
good efficacy in treating bone tumors (15). Also, MRgFUS 
can burn the nerve with focusing heat for the analgesia of 
severe pain in patients with advanced bone metastasis of 
malignant tumors (16), thus successfully relieving the pain 
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in patients, improving their quality of life and shortening the 
treatment time. The analgesic effect of MRgFUS on children 
with metastatic bone tumors was studied and the efficacy and 
safety evaluated.

Patients and methods

General information. Thirty children with bone metastases 
from the Oncology Department of Jinan Maternity and 
Child Care Hospital (Jinan, China) from March  2015 to 
March 2018 were collected. There were, 12 children were 
with neuroblastoma, 7 children with acute leukemia, 6 chil-
dren with nephroblastoma, and 5 children with lymphoma. 
Metastatic lesions: 13 cases to ribs, 11 cases to ilium, 4 cases 
to long bones of the extremities, and 2 cases to sacral verte-
brae. There were 20 males and 10 females, aged from 3 to 
14 years, with an average age of 4.27±0.83 years. Twenty 
three children were at preschool age and 7 children at school 
age. Basic information of the patients is shown in Table I. 
The study was approved by the Ethics Committee of Jinan 
Maternity and Child Care Hospital. The patients and their 
guardians were informed, and the informed consent was 
signed by the parents or guardians.

Inclusion criteria. i) Patients who were confirmed by pathology 
and imaging examination as bone metastases, aged ≤16 years; 
ii) bone metastasis target lesions were located in the trunk 
bones of the extremities, bone joints, pelvis and the posterior 
part of the spine bone under the fourth lumbar vertebra and 
were clearly imaged on MRI; and iii) pain sites were fixed, 
and Numerical Rating Scale (NRS) score (17) ≥4 points, with 
stable degree of pain and the same type of painkiller 1 week 
before treatment.

Exclusion criteria. i) Patients who recently received radio-
therapy and chemotherapy for target lesions; ii) patients with 
more than 6 target lesions and an estimated survival time of 
no more than three months; iii) patients complicated with 
heart, brain, liver and kidney dysfunction or severe infec-
tion; iv) patients who could not be examined by MRI due to 
built-in metal objects or other reasons; and v) patients who 
obtained less than 60 points for the Karnofsky Performance 
Status (KPS) (18) scores.

Experimental methods
Therapeutic instruments and drugs. Magnetic resonance 
imaging system (Shanghai Ge Medical Instrument Co., 
Ltd., 3460244); MRgFUS (Exablate 2100; InSightec, Ltd.); 
Gd-DTPA (MR-00P10; Shanghai Sunr Biotech Co., Ltd.); 
ketamine hydrochloride injection (H32022820; Jiangsu 
Hengrui Medicine Co., Ltd.); atropine sulfate injection 
(H41021272; Jiaozuo Furuitang Pharmaceutical Co., Ltd.).

Treatment methods. After finishing all routine clinical 
examinations and completing the basic information, 
all patients were required to perform the preoperative 
preparations such as fasting and water deprivation for 6 h 
before surgery, preoperative hair removal, to establish 
venous access and indwell the catheter. To reduce movement, 
patients were given intramuscular injection of sedative 

(ketamine, 0.5 mg/kg + atropine 0.02 mg/kg), then they were 
escorted to the operating room by the anesthesiologist and 
family members 10 min after the injection when the blood 
concentration reached its peak. The treatment bed was 
adjusted according to the location of the specific target lesion 
so that the ultrasonic scalpel beam could directly reach the 
painful part of the target lesion, and a soft pad was used for 
fixing the position of patients to make the long axis of the 
bone where the target lesions were located parallel to the 
treatment axis. Real‑time electrocardiographic monitoring 
was performed together with artificial monitoring by the 
anesthesiologist who closely checked the patient's complexion 
and the chest expansion and stopped the treatment if any 
abnormality occurred. Fat-suppression T1W1 and T2W1 

Table I. General clinical data (mean ± SD) [n (%)].

Clinical	 Number of
factors	 the case (%)

Sex
  Male	 20 (66.67)
  Female	 10 (33.33)
Age
  ≤7	 23 (76.67)
  >7	 7 (23.33)
Weight	 18.73±10.34
Height	 98.24±8.83
Primary tumors
  Neuroblastoma	 12 (40.00)
  Acute leukemia	 7 (23.33)
  Nephroblastoma	 6 (20.00)
  Lymphoma	 5 (16.67)
Other diseases	 2 (6.67)
Received treatments 3 months
before the surgery
  Radiotherapy	 9 (30.00)
  Chemotherapy	 11 (36.67)
  Operation	 6 (20.00)
  Other treatments	 4 (13.33)
Location of lesions
  Rib	 13 (43.33)
  Ilium	 11 (36.67)
  Long bone of limbs	 4 (13.33)
  Sacral vertebrae	 2 (6.67)
Nature of the lesions
  Osteoblastic	 14 (46.67)
  Osteolytic	 5 (16.67)
  Mixed type	 11 (36.67)
Size of the lesions
  Anteroposterior diameter/mm	 13.49±8.34
  Transverse diameter/mm	 23.37±10.47
  Vertical diameter/mm	 25.62±9.35
Volume/ml	 932.45±6,142.36
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scans were performed on the sagittal and cross sections of the 
target lesion before treatment (the layer thickness was 4-7 mm, 
spacing 1 mm per layer. Gd-DTPA was injected through the 
cubital vein during the enhanced scan, 0.15  ml/kg). The 
contour of the target lesion area and the protective area of the 
key structure were manually outlined on the fat-suppression 
T2W1 image on the cross-section and then entered into the 
MRgFUS system to make relevant treatment plan with the 
help of artificial adjustment on the actual number of target 
lesions and the energy required by the target lesions. The 
focus of the ultrasonic beam was continuously moved, and 
the temperature of the target lesion area was maintained at 
60-85˚C for 20-30 sec each time. The MRI imaging system 
was used during the whole process of treatment to monitor 
the real-time temperature and shape of target lesions and their 
surrounding area.

Observation indicators. NRS score, visual analog scale 
(VAS)  (19), and European Organization for Research and 
Treatment of Cancer (EORTC) Quality of Life Questionnaire 

(QLQ) score  (20) before surgery and 1 week, 1, 2, and 
3 months after surgery, as well as the KPS scores before 
surgery and 1 week, 1 and 3 months after surgery were used to 
assess the analgesic efficacy of the children. Among them, the 
items of the QLQ-C30 scores were classified as ‘completely 
absent, mild, severe and deeply severe’, with a score of 1 to 
4 points. The analgesic drugs before and after treatment were 
recorded, and the adverse reactions such as treatment-related 
pathological fractures, regional tissue edema, and abnormal 
feelings in the treatment area were closely observed.

Statistical analysis. Experimental data were statistically 
analyzed using SPSS software 19.0 (SPSS Inc.). Measurement 
data were expressed as (mean ± SD), enumeration data were 
expressed as cases (percentage) [n (%)]. Repeated measures 
ANOVA was used to compare the data of multiple time-points, 
and the Bonferroni test was used for comparison between 
two different points in the group. Statistical significance was 
recognized at P<0.05.

Results

Treatment outcome. MRgFUS treatment was successfully 
completed in 30 children with metastatic bone tumors, with an 
operation time of 123±21 min per patient. The average ultra-
sound pulse for each target lesion was 13±8 times. Eight of 
the 30 children with metastatic bone tumors received a second 
treatment over 3 weeks after the first treatment. All patients 
underwent a 3-month follow-up.

Score of the analgesia efficacy after surgery. NRS scores 
and VAS scores of all different observation time-points after 
surgery were statistically lower than those before surgery 
(P<0.05), and the NRS and VAS scores 3 months after surgery 
were lower than those 1 week after surgery (P<0.05). The 
analgesic effect was relatively sustained. The specific data are 
shown in Table II and Fig. 1.

QLQ-C30 scores before and after treatment. Compared with 
the preoperative conditions, QLQ-C30 scores of physical func-
tion, cognitive function, nausea and vomiting, and degree of 
pain 1 week, 1, 2, and 3 months after surgery were decreased, 
and the clinical symptoms of the children were relieved 
(P<0.05). There was a statistical difference between total 
QLQ-C30 scores 3 months after operation and total QLQ-C30 

Table II. Score of the analgesia efficacy after surgery (mean ± SD).

	 After surgery
	 Before	 ----------------------------------------------------------------------------------------------------------------------------------
Score	 surgery	 1 week	 1 month	 2 months	 3 months	 F-value	 P-value

NRS	 6.27±1.53	 3.69±1.71a	 3.13±1.87a	 2.76±1.53a	 2.18±1.04a,b	 31.020	 <0.001
VAS	 6.56±2.38	 4.72±2.34a	 3.43±2.16a	 2.29±1.15a,b	 1.85±0.96a-c	 30.880	 <0.001

aP<0.05, when compared with NRS and VAS scores before surgery; bP<0.05, when compared with NRS and VAS scores 1 week after surgery; 
cP<0.05, when compared with NRS and VAS scores 1 month after surgery. NRS, numerical rating scale; VAS, visual analog scale; SD, standard 
deviation.

Figure 1. Score of the analgesia efficacy after MRgFUS. NRS and VAS scores 
of all different observation time-points after surgery were statistically lower 
than those before surgery (P<0.05), and NRS and VAS scores 3 months after 
surgery were lower than those 1 week after surgery (P<0.05). The analgesic 
effect was relatively sustained. aP<0.05, when compared with the NRS and 
VAS scores before surgery; bP<0.05, when compared with the NRS and VAS 
scores 1 week after surgery; cP<0.05, when compared with the NRS and VAS 
scores 1 month after surgery. MRgFUS, magnetic resonance-guided focused 
ultrasound surgery; NRS, Numerical Rating Scale; VAS, visual analog scale.
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scores before operation (P<0.05). The specific data are shown 
in Table III, Figs. 2 and 3.

KPS scores before and after treatment in patients. As shown 
in Table IV, the KPS scores of children with metastatic tumors 
of all different observation time-points after surgery were 
slightly lower than those before surgery, but the difference 
was not statistically significant (P>0.05), indicating that the 

patients' condition was stable during the treatment period 
without deterioration.

Medication. Thirteen patients took fixed analgesics with 
stable dosage before surgery, among whom six  patients 
stopped taking drug after treatment, 4 patients stopped taking 
drug 2 months after surgery, 2 patients reduced the dosage of 
analgesics after surgery and 1 patient took the same dosage 

Table III. QLQ-C30 scores before and after the treatment of the patients (mean ± SD).

	 Total	 Physical	 Cognitive	 Nausea and	 Degree
Time	 score	 function	 function	 vomiting	 of pain	 Astriction	 Diarrhea

Before surgery	 16.98±5.38	 2.52±0.64	 2.26±0.42	 1.87±0.62	 7.32±2.45	 1.73±0.78	 1.28±0.47
After surgery
  1 week	 13.26±3.89a	 2.07±0.68a	 1.78±0.58a	 1.54±0.52a	 5.37±1.56a	 1.41±0.32a	 1.09±0.23a

  1 month	 12.44±3.20a	 1.94±0.68a	 1.56±0.35a	 1.43±0.33a	 5.13±1.45a	 1.36±0.28a	 1.02±0.11a

  2 months	 10.80±3.44a-c	 1.41±0.72a-c	 1.36±0.47a,b	 1.23±0.32a	 4.74±1.36a	 1.14±0.37a	 0.92±0.20a

  3 months	 9.70±2.98a-c	 1.27±0.36a-c	 1.14±0.63a-c	 1.15±0.34a,b	 4.37±1.26a	 1.04±0.25a-c	 0.73±0.14a-d

F-value	 93.830	 19.580	 22.050	 12.340	 14.100	 10.900	 18.000
P-value	 <0.001	 <0.001	 <0.001	 <0.001	 <0.001	 <0.001	 <0.001

aP<0.05, when compared with QLQ-C30 scores before surgery; bP<0.05, when compared with QLQ-C30 scores 1 week after surgery; cP<0.05, 
when compared with QLQ-C30 scores 1 month after surgery; dP<0.05, when compared with QLQ-C30 scores 2 months after surgery.

Table IV. KPS scores before and after the treatment of the patients (mean ± SD).

	 After treatment
	 ------------------------------------------------------------------
Score	 Before treatment	 1 week	 3 months	 F-value	 P-value

KPS	 86.37±7.19	 84.78±7.38	 83.15±7.86	 1.389	 0.255

KPS, Karnofsky Performance Status; SD, standard deviation.

Figure 2. QLQ-C30 scores before and after treatment (1). Compared with 
the preoperative conditions, QLQ-C30 scores such as physical function, 
cognitive function and total QLQ-C30 scores 1 week, 1, 2, and 3 months 
after surgery were statistically lower than those before surgery (P<0.05). 
aP<0.05, when compared with QLQ-C30 scores before surgery; bP<0.05, 
when compared with QLQ-C30 scores 1 week after surgery; cP<0.05, when 
compared with QLQ-C30 scores 1 month after surgery. QLQ, Quality of Life 
Questionnaire.

Figure 3. QLQ-C30 scores before and after treatment (2). Compared with 
the preoperative conditions, QLQ-C30 scores such as nausea, vomiting, 
feeling painful, constipation, and diarrhea 1 week, 1, 2, and 3 months after 
surgery were lower, and clinical symptoms of children were all relieved to 
different extent (P<0.05). aP<0.05, when compared with QLQ-C30 scores 
before surgery; bP<0.05, when compared with QLQ-C30 scores 1 week after 
surgery; cP<0.05, when compared with QLQ-C30 scores 1 month after sur-
gery; dP<0.05, when compared with QLQ-C30 scores 2 months after surgery. 
QLQ, Quality of Life Questionnaire.
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as that before surgery. The other 17 patients had no analgesic 
medication before operation, among whom only 1 patient 
was in need for analgesics due to failed analgesic effect on 
unbearable pain, 2 patients had to take analgesics 3 months 
after surgery because of the pain aroused by metastatic bone 
tumor at other sites, and the other 14 patients still did not 
required any analgesics after surgery.

Adverse reactions. During the treatment of the 30 children with 
metastatic bone tumors, 2 patients had I degree burns which 
were relieved 3 days after symptomatic treatment; 3 patients 
were troubled by local swelling and numbness in the treatment 
area which was caused by compression of peripheral nerves 
due to local swelling according to the MRI examination, and 
felt better after symptomatic treatment. After the treatment 
3 patients suffered from low fever which disappeared within 
1  month after surgery. No serious complications such as 
deep vein thrombosis of the lower limbs or death of patients 
occurred during the treatment.

Discussion

As a group of diseases with high risk among various pediatric 
diseases, malignant tumors in children are characterized by 
fast condition change, since children are growing (21), and 
many tumors at their early stage are hard to diagnose due to 
children's poor ability to express feelings and the inapparent 
early symptoms  (22), contributing to the easily occurring 
metastasis of advanced tumors among which the bone metas-
tasis is one of the most common ones (23). The pain of bone 
and joint caused by bone metastases of malignant tumors is 
often an important factor in damaging patients' physical and 
mental health (24), causing great suffering to children and 
their families (25).

Analgesic drugs combined with chemotherapy, often 
applied in the treatment of advanced malignant tumors after 
bone metastasis, bring great toxic side effects on children 
and cause much damage to the growth and development of 
children, and the abuse of painkillers can easily lead to addic-
tion (26,27). Currently MRgFUS has achieved good results in 
the analgesic of metastatic bone tumors in adults (28) as the 
targeted therapy of MRgFUS on local target lesions performed 
by the thermal ablation technique can achieve satisfactory 
analgesia by burning nerve endings attached to the perios-
teum around the target lesions and killing tumor cells at the 
same time (29). Despite the safety and good efficacy of this 
MRgFUS technology, it is seldom applied to the treatment of 
metastatic bone tumors in children, so this study was designed 
to investigate the analgesic effect and safety of MRgFUS in 
children with metastatic bone tumors.

According to the results of this study, the NRS score and 
VAS score of the children at different time-points after surgery 
were significantly lower than those before surgery. The appli-
cation of analgesics was reduced in most children, suggesting 
that the MRgFUS treatment could effectively relieve the pain 
in children aroused by metastatic bone tumors, working as 
a substitute for some analgesics. The study of Joo et al (30) 
showed that the NRS score could even be reduced from 7 to 
0.3 on children with metastatic bone tumors one year after the 
MRgFUS treatment. However, the present study focused on 

the short‑term efficacy of MRgFUS, and performed a double 
evaluation of the NRS and the VAS score, and showed that 
the MRgFUS treatment could also achieve good analgesic 
effect on children with metastatic bone tumors, since the 
pain of children in this study was relieved after treatment. 
Compared with the preoperative conditions, the QLQ-C30 
scores of physical function, cognitive function, nausea and 
vomiting, and degree of pain 1 week, 1, 2 and 3 months after 
surgery were decreased, and the clinical symptoms of children 
were relieved at different degrees. There was a statistical 
difference between the total QLQ-C30 scores 3 months after 
operation and the total QLQ-C30 scores before operation, 
showing good improvement in life treatment and clinical 
symptoms and sustained efficacy in children with metastatic 
bone tumors after the MRgFUS treatment. Gu et al (31) found 
that the EORTC QLQ score after MRgFUS treatment was 
significantly decreased, and the quality of life of patients was 
significantly improved, which is consistent with the results of 
our study. In addition, we conducted a more specific analysis 
and comparison of the quality of life and clinical symptoms of 
children with metastatic bone tumors in multiple aspects and 
multiple periods, providing a more convincing result that the 
MRgFUS treatment may achieve good and continuous efficacy 
in children with metastatic bone tumors. The KPS scores of 
children with metastatic tumors of all different observation 
time-points after surgery were slightly lower than those before 
surgery, but the difference was not statistically significant. 
Previous studies have shown that poor KPS scores may be 
the prognostic risk factors of many malignant tumors (32,33). 
During the treatment, the KPS score was relatively stable, and 
the children did not have serious adverse reactions related 
to treatment, indicating that the treatment of MRgFUS in 
children with metastatic bone tumors had good safety. As to 
the 2 cases of I degree burns during the treatment, a possible 
reason was the temperature of the thermal ablation which was 
relatively too high to children with more delicate skin than 
adults. After taking this into consideration in the later stage of 
the experiment, no other reports of burning occurred.

However, there are some limitations in this study. The 
children were generally too young, so most of the evaluation 
of the analgesic efficacy scores was assisted by the family 
members of the children, which might have some impacts on 
the results of the study. No control group was set up due to the 
limited experimental conditions. The sample size was small in 
this study. Multi-center and multi-regional samples need to be 
included, and the study period needs to be extended in future 
studies.

In summary, the MRgFUS technology is worthy of further 
research since it was proved to achieve a good analgesic effect 
on children with metastatic bone tumors, and to improve the 
quality of life and clinical symptoms to a certain extent, with 
fewer adverse reactions and higher safety.
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