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Abstract

Background Image-guided percutaneous microwave ablation has been used to treat adult osteoid osteomas but has not been
thoroughly evaluated in the pediatric population.

Objective To evaluate the technical feasibility and clinical efficacy of microwave ablation to treat osteoid osteomas in pediatric
patients.

Materials and methods The electronic medical record and imaging archive were reviewed for 24 consecutive patients who had
undergone microwave ablation of osteoid osteomas between January 1, 2015, and May 31, 2018, at a single tertiary care pediatric
hospital. All patients were diagnosed by clinical and imaging criteria, and referred by a pediatric orthopedic surgeon after failing
conservative management with pain medication. The average age of the patients was 13.3 years (range: 3—18 years), and the
average size of the osteoid osteoma nidus was 8.8 mm (range: 522 mm). Technical success was defined as placement of the
microwave antenna at the distal margin of the lesion nidus and achievement of the target ablation temperature. Clinical findings
were assessed pre- and post-ablation and clinical success was defined as complete relief of pain without pain medication at 1-
month follow-up. The number and severity of complications were also documented.

Results Clinical success was achieved in 100% of patients (24/24), with all reporting complete cessation of pain medication use
1 week after treatment and 0/10 pain at 1 month. There were 4 minor complications (17%) including access site numbness and a
minor soft-tissue infection. There were no major complications.

Conclusion Microwave ablation is a technically feasible and clinically effective treatment for pediatric osteoid osteomas.
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Introduction length discrepancies, scoliosis and contractures particularly
for juxta-articular lesions [5, 6].
Osteoid osteomas can be treated with operative excision

or curettage. Percutaneous ablation is now the standard of

Osteoid osteomas are benign but often painful neoplasms.
They are most commonly found in the long bones of the lower

extremities but can occur throughout the appendicular and
axial skeleton [1]. As the third most-common benign skeletal
tumor, these often small (<1.5 cm) solitary tumors have a
characteristic history of severe nocturnal pain relieved by non-
steroidal anti-inflammatory drugs (NSAIDS) [1-4]. Pain from
the lesion can sometimes be debilitating and result in func-
tional limitations. Other reported complications include limb-
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care and validated as a safe, highly effective and less
invasive treatment option [7]. Radiofrequency ablation
(RFA) is the most widely used and studied modality for
percutaneous treatment of osteoid osteomas [4, 8], but
microwave ablation is increasingly being utilized.
Treatment of osteoid osteomas with microwave ablation
provides several theoretic and practical advantages over
RFA, and has been shown to be effective in adults
[9-12]. However, there are few reports evaluating this
technique in children. The purpose of this study was to
retrospectively evaluate the technical feasibility and clinical
efficacy of microwave ablation in the treatment of pediat-
ric osteoid osteomas. This study hypothesizes that micro-
wave ablation is a safe and effective modality for the
treatment of osteoid osteomas in the pediatric population.
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Materials and methods

Institutional review board approval was obtained for this retro-
spective study with waiver of informed consent. The electronic
medical records and archived images were reviewed for all
osteoid osteomas treated with microwave ablation between
January 1, 2015, and May 31, 2018, at our single-center tertiary
care children’s hospital. All patients were referred for treatment
by the pediatric orthopedic surgery service after having failed
conservative management with pain medication and were sep-
arately evaluated in a pediatric interventional radiology clinic.
Inclusion criteria included all patients with osteoid osteomas
diagnosed by clinical presentation and imaging characteristics
[13]. Patients with lesions abutting articular surfaces and le-
sions not amenable to safe percutaneous access were excluded
from ablative treatment. Imaging and demographic data were
collected and are summarized (Table 1).

Procedure protocol

Informed consent was obtained from the parents/guardians
before the induction of general anesthesia under the supervi-
sion of a pediatric anesthesiologist. All microwave ablations
were performed under fluoroscopic guidance with cone-beam
computed tomography (Philips Healthcare, Andover, MD). A

Table 1 Patient demographic and clinical data (n=24)
Characteristic Value
Age (years)
Mean 133
Range 3-18
SD 3.6
Gender
Male 15
Female 9
Race
Caucasian 16*
Hispanic 3
Asian 3
African American 1*
American Indian/Alaskan native 1
Pre-procedural pain duration (months)
Mean 11
Range 3-37
SD 7.9
Nidus size (mm)
Mean 8.8
Range 5-22
SD 39
Nidus location
Proximal femur 7
Distal femur 5
Proximal tibia 2
Mid tibia 2
Distal tibia 4
Proximal fibula 1
Distal fibula 1
Scapula/glenoid 1
Mid humerus 1

SD standard deviation

*1 patient identified as both Caucasian and African American, 1 patient
did not provide racial demographics

cone-beam CT was performed to determine persistence of the
lesion as well as for planning the needle trajectory (Fig. 1).
Navigational overlay with Xper Guide (Philips Healthcare,
Andover, MD) was then used for real-time needle guidance
and probe localization (Fig. 2) with subsequent cone-beam CT
for final confirmation of probe position before ablation.

Procedures were performed by three board-certified in-
terventional radiologists (E.J.M., 3 years of post-fellowship
experience; K.S.HK., 3 years of post-fellowship experi-
ence, and G.M.S., with 4 years of post-fellowship experi-
ence) using the Neuwave Certus system (Ethicon US,
LLC, Somerville, NJ). In all cases, an 1l-gauge Arrow
OnControl bone access cortical drill (Teleflex, Inc.,
Morrisville, NC) was used to traverse the bone cortex,
followed by coaxial advancement of a 13-gauge coring
needle into the lesion nidus using intermittent imaging
guidance. The coring needle was then removed and the
17-gauge Neuwave PR antenna (Ethicon US, LLC,
Somerville, NJ) was advanced just beyond the distal edge
of the lesion to cover the entire nidus within the antenna’s
ablation zone (Fig. 3). A minimum of three ablation cy-
cles were performed at a power setting of 30 watts, with a
target temperature of 90 degrees Celsius and a 30-s
cooling period between cycles. Each ablation cycle lasted
30 s. If the target temperature was not reached after three
ablation cycles, additional ablation cycles were performed
to reach the target temperature. Ultrasound-guided
hydrodissection was performed at the discretion of the
operator when the ablation zone or microwave probe
was in close proximity to neurovascular structures.

After the procedure, patients recovered in a dedicated post-
procedural unit where cardiovascular status was monitored for
3—6 h. All patients were discharged home on the same day
with activity restrictions to include no heavy lifting and, in the
case of lower extremity lesions, no running for a week.

Fig. 1 Pre-procedure cone beam CT in a 9-year-old boy shows the lucent
nidus of a distal femoral osteoid osteoma (arrow) with adjacent cortical
thickening (arrowheads). The planned needle trajectory is depicted by the
green measuring line
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Fig. 2 Real-time needle guidance
(same patient as in Fig. 1). Entry
(a) and progress (b) views with
navigation overlay demonstrate
the access needle positioned at the
superficial margin of the nidus

Outcome measures

Follow-up data were obtained for all patients using a standard-
ized telephone questionnaire, as well as interventional radiol-
ogy and orthopedic clinical follow-up notes. Procedural infor-
mation collected included total and fluoroscopic procedural
time, lesion location, lesion size and peak temperature of ab-
lation cycles. Clinical data included pain at 1 week and
1 month post ablation, use of pain medication after ablation
and post-procedure complications. Pain was assessed via an
ordinal 11-point pain rating scale where 0 represents no pain
and 10 represents the worst possible level of pain.

Technical success was defined as localizing the microwave
antenna at the distal margin of the lesion nidus and reaching the
target ablation temperature of 90 degrees Celsius. Clinical suc-
cess was defined as complete relief of pain without pain med-
ication at 1-month follow-up. The number and severity of com-
plications were recorded as defined by the Society of
Interventional Radiology (SIR) guidelines [14].

Fig. 3 Microwave ablation probe is placed through the nidus (bracket)
with the tip (arrowhead) just past the deep margin to optimize the
geometry of the ablation zone (same patient as in Fig. 1)
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Results

A total of 24 patients were treated, with outcomes summarized
in Table 2. The average age was 13.3 years (range: 3—
18 years). The average size of the lesions was 8.8 mm (range:
5-22 mm). The majority of patients (21/24) were treated with
a single ablation antenna. Due to the ellipsoid morphology
and angle of approach required to pass the bone cortex, three
patients required placement of two ablation antennas to create
an ablation zone that covered the entire lesion nidus. Two
patients had previously failed RFA treatment of their osteoid
osteoma and one had previously failed surgical curettage.
Complete relief of pain was achieved in 21/24 (88%) of pa-
tients at 1 week, and 24/24 (100%) at 1 month. Before abla-
tion, 23/24 (96%) of patients used an NSAID for pain control,
while 1/24 (4%) used acetaminophen. The average duration of
symptoms before ablation was 11 months (range: 1—
37 months, standard deviation [SD]: 7.9). Post-ablation aver-
age duration of pain medication use was 1.1 days (range: 0—7
days, SD: 1.8 days), and by 1 week post-procedure all patients
had ceased medical therapy. Mean follow-up time was
5 months (range: 1-14 months, SD: 4.9 days). Five patients
(21%) received clinical follow-up beyond 12 months.
Hydrodissection to protect lower extremity neurovascular
structures was performed in 7/24 (29%) patients. As defined
by SIR criteria, minor complications were seen in 4/24 (17%)
patients [14]. These included three patients with local skin

Table 2  Outcome measurements

Mean Range SD
Pain medication use post procedure (days) 1.1 0-7 1.9
Pain scale 1 week post procedure 0.2 0-2 0.6
Pain scale 1 month post procedure 0 0 0
Fluoro time (minutes) 7.8 1.6-21.5 4.6
Total procedure time (hours:minutes) 1:33 0:26-4:08 48.4

SD standard deviation
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numbness in the region of the access site (Class A complica-
tion, two of which had spontaneously resolved at their 3-
month follow-up), and one patient with a soft-tissue infection
at the access site (Class B complication, resolved with antibi-
otic treatment). There were no major complications.

The average number of ablation cycles per antenna placed
was 3.4 (range: 3—6, SD: 0.7), for a total average ablation time
of 1.7 min (range: 1.5-3, SD: 0.4). Average procedure and
fluoroscopy time was 94 min (range: 26-248 min, SD:
13.1), and 7.8 min (range: 1.6-21.5, SD: 4.6), respectively.

Discussion

Percutaneous thermal ablation is a well-established technique
to treat pediatric osteoid osteomas [4, 8, 15, 16]. While RFA is
the most widely used method of pediatric osteoid osteoma
ablation, there is limited literature specifically evaluating the
use of microwave ablation in this population [4, 8, 17]. The
objective of this study was to confirm the technical feasibility
and clinical efficacy of microwave ablation to treat osteoid
osteomas in an exclusively pediatric population. Although this
study was not designed to establish superiority of microwave
ablation compared with other ablation techniques, the larger
sample size and longer follow-up builds on established data
demonstrating that microwave ablation is a safe and effective
technique, and supports microwave ablation as an option to
treat pediatric osteoid osteomas [10-12, 18].

RFA energy is delivered by resistive heating, which then
spreads through the surrounding tissue via conduction. In con-
trast, microwave ablation creates heat by rapidly agitating wa-
ter molecules within its field. The higher frequency of energy
delivered in microwave ablation allows for superior tissue
propagation and is less susceptible to the heat-sink effect [9].
In addition, the thermal properties of microwave ablation re-
sult in decreased tissue carbonization, which can limit power
application at the periphery of the ablation zone [19]. These
differences in energy dispersion are relevant when treating
lesions in bone and lung, which have intrinsically high base-
line impedance and have been associated with suboptimal
outcomes with RFA [20, 21]. Compared with RFA, micro-
wave ablation allows for faster tissue heating and can decrease
the time necessary to reach target temperature. In the pediatric
population, a reduced procedure time is particularly relevant
due to concerns regarding cumulative anesthetic use [22, 23].
The radiative dispersion of microwave energy does not require
grounding pads to establish conductive pathways used in RFA
[9, 24-26]. This eliminates the potential for skin burns related
to pad placement and suboptimal pad positioning encountered
with smaller patients. At our institution, the use of RFA to treat
osteoid osteoma was sometimes delayed by automatic gener-
ator shutoff during ablations, presumably related to high tissue
impedance from bone charring. Due to these concerns, our

institution has moved to perform bone ablations exclusively
via microwave. A systematic review of the literature on RFA
found an average ablation time of 6.8 min for treatment of
osteoid osteoma [27]. Although the literature describing abla-
tion time in microwave ablation for osteoid osteomas is more
limited, our average ablation time of 1.7 min falls in the re-
ported range of 1-3 min [10-12].

Due to the angle of approach and lesion morphology, three
patients required placement of two ablation probes to achieve
full coverage of their lesion. A single lesion in our series
measured >1.5 cm, qualifying as an osteoblastoma. These
larger lesions were otherwise treated in similar fashion, and
outcomes were indistinguishable from the majority of lesions,
which were treated with a single probe. Although not neces-
sary for our procedures, microwave ablation probes can be
positioned and phased to overlap fields and achieve more
efficient, faster heating to treat larger lesions [28].

Microwave ablation has already been shown to be a safe
and clinically efficacious treatment of osteoid osteomas in
mixed age populations [10-12] but have been limited by a
small sample size of pediatric patients. The outcomes of this
study support that microwave ablation can be successfully
used to treat osteoid osteomas in an exclusively pediatric pop-
ulation. The early clinical success rate of 100% in this series is
comparable to similarly powered pediatric RFA and
cryoablation series [8, 16, 17]. Based on symptoms, there
were no instances of osteoid osteoma recurrence over an av-
erage follow-up interval of 5 months, which is consistent with
findings in studies evaluating microwave ablation treatment of
osteoid osteomas in adults [10—12]. There were no major com-
plications in this study. The minor complication rate was 17%,
within the range of 9.5-22% demonstrated by other studies
describing ablative techniques for treatment of osteoid osteo-
mas [8, 17, 18]. Our complications included a single superfi-
cial infection at the probe access site and three instances of
subjective numbness around the access site, all of which had
either resolved or reached subclinical severity at subsequent
follow-up.

The primary limitation of this study is the retrospective
nature and lack of a control group. A larger sample size would
add additional power to the results. Although the majority of
recurrences of osteoid osteomas following thermal ablation
occur in the first 12 months, a recent series demonstrated
recurrence of osteoid osteomas up to 1.4 years after initially
successful RFA [27, 29]. Our mean follow-up time of
5 months is adequate to assess for initial treatment response
but is inadequate to capture late recurrences.

Additionally, the majority of interventions were based on
clinical and imaging diagnosis, and were not biopsy-proven
osteoid osteomas. Intraprocedural biopsy was not performed
due to the increased time and resources required. Although
using clinical and imaging features alone is an accepted meth-
od of diagnosing osteoid osteoma, it is unclear whether
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intraoperative consultation with Pathology would have
yielded a diagnosis of osteoid osteoma, as some studies have
shown that other benign bone diseases may mimic osteoid
osteoma [1, 12, 30]. Lastly, bone access in this series was
achieved with a relatively large-gauge coring needle as op-
posed to the smaller Kirschner wires reported in many series.
While all clinical benefits have been attributed to microwave
ablation, the effects of ablation may have been additive with
mechanical disruption and excision, similar to techniques
shown to be effective as stand-alone treatment [31].

Conclusion

This study demonstrates that microwave ablation is a safe and
efficacious technique for treating pediatric osteoid osteomas.
The theoretical advantages of this technique require further
study to determine non-inferiority to other established tech-
niques and to evaluate long-term clinical response. Specific
areas of future research could include determining the specific
benefit of faster ablative techniques on procedural and anes-
thetic duration.
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