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Abstract

Objectives To determine the efficacy and safety of percutane-
ous calcitonin and steroid injection in the treatment of aneu-
rysmal bone cysts (ABCs).

Materials and methods Our study was IRB-approved and
HIPAA-compliant. We reviewed pre- and post-procedural im-
aging studies and medical records of all CT-guided percuta-
neous injections of ABCs with calcitonin and steroid per-
formed at our institution between 2003 and 2015.

Results Treatment success based on imaging was categorized
as substantial (51-100 %), partial (1-50 %), or none (0 %) by
comparing radiographs of the lesion before and after treat-
ment. Our study group comprised 9 patients (7 female, 2 male;
mean age 19+ 5 (range 12-25) years). ABCs were located in
the pubis (n=3), femur (n=2), and humerus/scapula/ilium/
sacrum (n = 1 for each). One patient did not have any clinical
or imaging follow-up. For the other 8 patients, clinical and
imaging follow-up ranged from 1 to 93 months (mean 16 +
29 months). One patient had two injections, and 1 patient had
three injections. Six out of eight patients (75 %) had complete
symptomatic relief and 2 patients (25 %) had partial symp-
tomatic relief after initial injection. Imaging follow-up re-
vealed substantial imaging response in 4 out of § patients
(50 %). There was a partial imaging response in 2 patients
(25 %) and no imaging response in 2 out of 8 patients
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(25 %), and all 4 of these patients had local recurrence.
There were no complications.

Conclusion Percutaneous CT-guided injection of ABCs
with calcitonin and steroid is a safe and effective treatment.
Lack of imaging response may necessitate more aggressive
treatment to minimize local recurrence.

Keywords Sclerotherapy - Aneurysmal bone cyst - ABC -
CT - Percutaneous - Calcitonin - Steroid

Introduction

Aneurysmal bone cysts (ABCs) are benign neoplasms pre-
dominantly occurring during adolescence, and typically in-
volve the metaphysis near the sites of greatest growth (e.g.,
around the knee, proximal humerus) [1-3]. Primary ABCs
are true neoplasms, many of which are associated with a
translocation of the CDH11 and USP6 genes [3—7]. On
radiographs, ABCs appear as “ballooning” lesions, thin-
ning and expanding the cortex. The expansile nature of
the lesion can lead to pain and swelling. Pain can be con-
stant even in the absence of a pathological fracture [2, 3, 8].
As ABCs are symptomatic even without fracture and rep-
resent true neoplasms that will not resolve spontaneously,
therapy is required. ABCs have been conventionally treated
with curettage and packing, especially if they involve
weight-bearing bones [1]. Previously, sclerotherapy has
been attempted, with different sclerosing agents and with
variable success [3, 9-23].

We report here what is to our knowledge the largest case
series to date of percutancous CT-guided sclerotherapy of
ABCs using calcitonin and steroid.
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Materials and methods

Our study was IRB-approved and HIPAA-compliant. A retro-
spective review was performed to identify CT-guided percu-
taneous injections of ABCs with calcitonin and steroid per-
formed at our institution between 2003 and 2015. Medical
records and procedure reports were reviewed for pathology
results, type and volume of injectate, aspirated cyst volume,
complications, duration of follow-up, and clinical outcome
including symptomatic relief, need for repeat procedures or
surgery were recorded. Symptomatic relief was self-reported
per the patient, documented in the clinical notes as decreased
pain and/or improved functional status (e.g., return to sports).

Injection technique

All injections were performed by musculoskeletal radiologists
as an outpatient procedure under conscious sedation. After
standard skin antisepsis, sterile draping, and local skin anes-
thesia with approximately 1 mL of lidocaine HCI 1 %
(Xylocaine; APP Pharmaceuticals, Schaumburg, 1L, USA), a
Bonopty 14-gauge penetration cannula with stylet and
Bonopty drill (AprioMed, Londonderry, NH, USA) were ad-
vanced under CT guidance into the lesion. Aspiration was
attempted before injection of contrast medium and medication
to create space for the injectate and to decrease dilution of the
injectate. Subsequently, 3—5 mL of iodinated contrast medium
(iopamidol; Isovue M-300, Bracco Diagnostics, Monroe
Township, NJ, USA) were injected to confirm the location
of the Bonopty device within the lesion. An additional 3—
5 mL of contrast medium was injected to determine if there
was communication between the loculations. Sclerotherapy
was performed by injecting 100-225 U of calcitonin
(Miacalcin; Novartis Pharmaceuticals, Basel, Switzerland)
mixed with 40—160 mg of triamcinolone acetonide 40 mg/
mL (Kenalog; Bristol-Myers Squibb, New York, NY, USA)
or methylprednisolone acetate (Depo-Medrol; Pfizer, New
York, NY, USA). For the first two cases, 100 U of calcitonin
was injected. As there were no complications, the dose was
increased to 200 U or more if the lesion could accommodate
the volume of injectate.

Imaging evaluation

Two musculoskeletal radiologists with 5 and 11 years of ex-
perience reviewed all the available imaging studies. The loca-
tion, size, and number of loculations of the ABC (unilocular
vs multilocular) were evaluated on CT and if available, MRI.
Duration of follow-up and type of follow-up (clinical, imag-
ing) was recorded. Treatment success based on imaging was
performed by comparing pre-procedural and post-procedural
radiographs and was categorized as follows: substantial (51—
100 % of the lesion filled-in; Figs. 1, 2 and 3), partial (1-50 %
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Fig. 1 A 13-year-old boy with right shoulder pain. a Scapular Y-view
radiograph of the scapula demonstrates multilobulated, expansile lytic
lesion in the scapular body (arrows). MRI and CT appearance were con-
sistent with an aneurysmal bone cyst (ABC; not shown). CT-guided bi-
opsy established a pathological diagnosis of an ABC. The lesion was
injected with calcitonin and methylprednisolone. b Scapular Y-view ra-
diograph 1.5 months after calcitonin and steroid sclerotherapy demon-
strates new bone formation (arrows) in the area of the previously seen
ABC, consistent with substantial imaging response. The patient’s pain
had resolved

of the lesion filled-in; Figs. 4), and none (0 % of the lesion
filled-in). Post-procedure clinical symptoms were recorded
from the clinical notes. If additional treatment (e.g., repeat
injection, surgical intervention) was performed, this informa-
tion was also recorded.

Results

Our study group comprised 9 patients (7 female, 2 male; mean
age 19£5 years, range 12-25 years). ABCs were located in
the pubis (n = 3), femur (n =2), humerus (n = 1), scapula (n =

A

Fig. 2 A 14-year-old girl with a lesion in the right pubis, incidentally
discovered when being evaluated for coccyx pain. The patient was
asymptomatic in this region, but was treated because she was active and
was considered a fracture risk. a Frontal radiograph of the pelvis demon-
strates an expansile, multiseptated, lytic lesion in the right pubis (arrows).
b Frontal radiograph of the pelvis 4 months after calcitonin and steroid
sclerotherapy demonstrates increased overall density of the lesion
(arrows), with some small remaining pockets of lucency, consistent with
substantial imaging response
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Fig.3 A 12 year-old-girl with right pubis lesion. a Frontal radiograph of
the right pubis demonstrates an expansile lytic lesion in the right superior
pubic ramus. b Frontal radiograph of the right pubis 1 month after calci-
tonin and steroid sclerotherapy demonstrates increased density through-
out the lesion, consistent with a substantial imaging response. A few

1), ilium (n = 1), sacrum (n = 1). One patient had 2 injections,
and 1 patient had 3 injections, for a total of 12 procedures.
Patients had additional injections for persistent pain.
Aspiration of bloody fluid was performed before injection in
9 out of 12 of procedures (75 %). No follow up or imaging
was available for one of the patients. For the other 8 patients,
average imaging and clinical follow-up were 12 +23 (range
1-69) months and 14 +23 (range 1-69) months respectively.
The follow-up duration for each case individually is detailed
in Table 1. Pathology confirmed the diagnosis of ABC in 5 out
of 9 (56 %) patients. In 2 out of 9 patients (22 %) the pathol-
ogy was nondiagnostic. In 2 out of 9 patients (22 %), there
was only cytology, which did not show any malignant cells.
The patient results are detailed in Table 1. If more than one
injection was performed, only the response to the first injec-
tion was evaluated. Six out of eight patients (75 %) had com-
plete symptomatic relief and 2 patients (25 %) had partial

Fig. 4 A 21-year-old female rower with a left pubis lesion. a Frontal
radiograph of the pelvis demonstrates an expansile lytic lesion in the left
superior pubic ramus (arrow). b Frontal radiograph of the pelvis 2 months
after calcitonin and steroid sclerotherapy demonstrates a small amount of
increased density along the inferior aspect of the lesion, consistent with
partial imaging response (arrow). The patient’s pain was nearly complete-
ly resolved

lucent areas remain (circle). The patient’s pain was nearly completely
resolved. ¢ Frontal radiograph of the right pubis 5 months after calcitonin
and steroid sclerotherapy demonstrates progressively increased density
throughout the lesion. The previously seen residual lucencies have filled
in. The patient’s pain was completely resolved

symptomatic relief after initial injection. Imaging follow-up
revealed substantial imaging response in 4 patients (50 %).
There was a partial response in 2 patients (25 %) and little to
no response in 2 patients (25 %), and all 4 of these patients
required additional treatment. There were no complications.

Discussion

Aneurysmal bone cysts are benign neoplasms that occur in
young patients. Approximately 75 % of patients with ABC
are less than 20 years old. ABCs can involve any part of the
skeleton, but are most common in the long bones, spine, and
pelvis. Within the long bones, ABCs are most frequently
found in the metaphysis, but can extend into the epiphysis
after physeal closure [2, 3, 5]. ABCs demonstrate a genetic
translocation of the USP6 oncogene on chromosome 17, and
therefore, they are true neoplasms, which will grow if they are
not treated [3]. ABC-like areas have also been seen with other
benign lesions, such as fibrous dyplasia, giant cell tumor,
chondroblastoma, and chondromyxoid fibroma; these lesions
are often called “secondary ABCs” and represent 30 % of
ABCs [1]. However, these do not demonstrate the typical
genetic translocation seen in de novo ABCs and may merely
represent intra-lesional bleeding [8]. Both primary and sec-
ondary ABCs can be highly vascular, and when they present
in locations such as the spine and pelvis, surgical treatment
can be challenging in terms of complete resection without
affecting vital structures, and also controlling bleeding [1-3, 8].

Besides surgical treatment, ABCs have been treated with
embolization of feeding vessels, but this procedure can only
performed if the afferent vessel can be identified, and carries a
risk of accidental injury to other structures, such as the spinal
cord in the case of vertebral lesions [3, 5, 24]. Embolization
can also help to reduce hemorrhage before surgical treatment
[3, 25]. Previously, sclerotherapy has been attempted by using

@ Springer



Skeletal Radiol (2017) 46:35—40

38

Jouyur-roriadns 7§ ‘as1oAsuEn) A ] ‘Toud)sod-louoiue gy ‘oqeordde jou,, /A

uonda(ur JsI1y 1Ay} 0} PAJL[AI SI UOHBULIOJUL Y ], “9UO UBY) a10wW pajoafur atom sjuaned asayy], ,

NI ST Utuoudre)

V/N Slqe[reA. JON V/N  9lqe[eAB JON 6 Sw (] SuojourdWeL], un 0§ x6TxT¢ snlowuny
uonaafur Aty Jaye sypuow ()|
uonmINSuI OPISINO Uk I8 JUIILI) NI 007 UTUoIdE)
01 [euonippe 1y3nog ‘Ajrented paroidu 4 QuoN 0s1 S (] QUOJOUIOWILL], nnN 0Sxggx9y  wneg
[euroyew yeIs
ured Jo uopnnjosar a3o[dwod ym punoJe WLl w-/ st
‘uonoofur [enIul oY) I} SYIUOW ¢ pue QOULINOSY ‘TeLIOJeT
€ 78 ‘[210) UI Suono3(ur da1y) parrnbay] NI 001 UIuoNodE) ye13 yum Sunpoed
69 paaoxdug 69 QUON QUON 3w () suojostupaId[APOIN DN pue a8epaInd snorAdlg Launiyg
uonmnSul SPISINO UL J& JUSWILAI) NI 00T UIuoNd[R)
€ Teuonippe Jysnog “Ajjerred pasorduy 4 [enieq ¥ 8w (91 duojosTupAIdIAYION Tun €Y x SEXPE siqng
uonodafur-o1 pannbar NI 0ST UIuod[R)
z pue paxmoar ing ‘A[jentur pasoxduy ¥ Tenreq S9 Sw )91 ouojouTOWEL], ) 09 xSy xt'S AW
(3ysu axmoeyy [eorSojoped 1oy payean) NI 00 uuouore)
6 uonoafur 1oye 1o 210J9q swoydwAs oN ¥ [enueisqng 09 Swr (8 suojostupa1d]AyIo]N DINA S9X09xT¥ siIqng
NI 00[ uruoysres
¥ paaoxduy ¥ [enue)sqng QUON Sw (g duojostupaId[AIoIN juig) S'Sx09xG¢ siIqng
NI 00T uruoysres
4 paaoxduy S [enuesqng §1  Sw (g ouojostupardjAyopy np §8x0Lx8T  endes
NI 001 utuouore)
I pasoxduy I [enueisqng QUON 3w (f ouojostupard]AyIoN juig) SLIx0TxTT Inuio,|
(sypuou) (sypuour)
dn-mor[oy dn-morjoy (uo)
[eoruro Surdeuwn asuodsax () oyendse paje[noomnu (IS X AL X dV)
Jo uoneI( osuodsor feorur))  JO uoneIn(y SwiSew]  poolq Jo swnjop SUOTEIIPAW Pajoofu] SA -TU() ozI§  UonEOOT
uoneuojul juoned pajrelod | dqeL

pringer

Qs



Skeletal Radiol (2017) 46:35-40

39

different sclerosing agents with variable success. In the early
2000s, sclerotherapy was performed with Ethibloc, an alcoholic
solution of corn protein. Garg et al. described the first series of
10 patients, and demonstrated complete symptom resolution.
However, the series also described local transitory inflammato-
ry reaction in 2 patients and an inflammatory, non-infectious
collection in 1 patient [9]. Further case series confirmed the
high efficacy of Ethibloc sclerotherapy, but also described a
high rate of complications and ultimately a universal halt was
placed on using this agent to treat ABCs [10—13]. A case report
also described ABC regression after excisional biopsy [26].

Sclerotherapy using steroids alone has been used, with var-
iable results. Scaglietti et al. first described the successful
treatment of an ABC in 1974 and later published a series of
163 cases with complete ossification of the cyst in 55 % and at
least partial ossification of the cyst in 45 %. Only 24 % of
patients were treated with a single injection, and the remaining
required additional injections. Complications were described
as “rare,” but the rate was not reported [14, 15]. Cottalorda
et al. described 2 patients with ABCs who were injected with
methylprednisolone. The ABCs recurred and required re-
treatment by other methods and this suggested that steroids
might exacerbate ABCs [16]. Another report also suggests
that steroids might worsen the lesion [3].

In a preliminary report, Shiels and Mayerson demonstrated
the 100 % efficacy of doxycycline treatment of ABCs in 20
patients, although up to 14 treatments were required for each
patient. Skin necrosis due to lesion overpressurization and
extra-osseous leakage of the doxycycline occurred in 1 patient
[17]. Lambot-Juhan et al. reported at least a partial symptom-
atic response in 90 % of patients in a series of 29 patients
treated with 96 % ethanol injection; 79 % were treated with
one or two injections. The only complication was a temporary
nerve palsy due to extra-osseous leakage of the ethanol [18]. A
recent surgical review cites 96 % ethanol injection as the pre-
ferred choice of sclerotherapy agent [3].

Sclerotherapy using calcitonin was first proposed in a paper
by Szendrdi et al. [19]. Calcitonin promotes new bone forma-
tion, but also suppresses osteoclast activity. Therefore,
intralesional injection of calcitonin was thought to promote
healing [19]. There have been multiple case reports and case
series describing the efficacy of calcitonin sclerotherapy in
treating ABCs, mostly in the upper cervical spine (C1 and
C2) 19, 20, 22, 23]. In all of these reports, there have been
no complications, suggesting that calcitonin might be a safe
medication for injection. Calcitonin is a naturally occurring
hormone that directly acts on bone, brain, kidneys, and possi-
bly gonads. There are no known effects on muscle, fat, or
other connective tissues. Therefore, there should theoretically
be no risk for calcitonin leakage into the surrounding soft
tissues. Calcitonin is also safely used as a systemic treatment
agent for osteoporosis, hypercalcemia, Paget’s disease, bone
pain related to inflammatory and degenerative diseases,

complex regional pain syndrome, and osseous metastases,
among other conditions [27-31]. However, until further inves-
tigative studies have been performed, calcitonin should still be
injected with caution.

To our knowledge, our cohort is the largest to date, exam-
ining the efficacy and safety of percutaneous calcitonin and
steroid injection in the treatment of ABCs and the first lesions
treated other than the spine. All of our treated patients had at
least partial symptomatic relief, and 50 % had a substantial
imaging response, which did not require further treatment.
The apparent discordance between the clinical and imaging
response may be in part due to the choice of radiographs for
evaluating the imaging response. Radiographs were selected
because they involve a low level of radiation, the patients are
young, and they may require serial examinations. CT would
be more accurate in evaluating a response, but would expose
patients to a much higher radiation dose. Low-dose CT, if
comparable in dose with a radiographic examination, may
be considered as an alternative for follow-up. Orthopedic sur-
geons at our institution typically see the patient for a follow-up
visit in their clinic 1 month after the procedure. Radiographs
obtained at 1 month typically demonstrate radiographic
changes, which continue to evolve over time. A reasonable
follow-up plan would be at 1 month, 6 months, and 12 months,
with additional imaging if the patient has new or persistent
symptoms.

One of the cases that had no imaging response consisted of a
recurrence around a previously curettaged lesion, with graft ma-
terial in the lesion. The graft was a physical barrier to accessing
some portions of the lesion in this case. The material of the graft
was unlikely to respond to the calcitonin as the native bone
would, and it could also inhibit the medication in some way.
Finally, only the medication that contacts the cyst wall has the
potential to act on the bone to produce healing of the lesion.
Therefore, methods of increasing the volume of the injectate
without increasing the dose may help to improve the efficacy
of this treatment. Interestingly, among the group of patients who
had a substantial imaging and clinical response, 50 % had a
uniloculated lesion and 50 % had a multiloculated lesion. This
initial series supports the notion that a multiloculated lesion can
be successfully treated by percutaneous calcitonin and steroid
sclerotherapy. Other factors that may influence the efficacy of
the medication include the age of the patient and the location of
the lesion. Cyst aspiration did not appear to correlate with the
efficacy of the injection in our series, possibly because the cyst
fills with blood soon after aspiration. These areas are all poten-
tial areas for investigation in the future.

In conclusion, percutaneous CT-guided injection of ABCs
with calcitonin and steroid is an effective treatment, and no
complications occurred in our series. A lack of imaging re-
sponse may necessitate more aggressive treatment to mini-
mize local recurrence. Future prospective studies are needed
to confirm our findings.
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