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Abstract

Background Aneurysmal bone cyst (ABC}) is a lytic benign
hone lesion representing about 1% of all primary bone
tumers. The lesion causes pain and swelling, which are
generally present for less than 3 months,

Methods From April 2003 to April 2008 36 patients
affected by aneurysmal bone cysts were treated by selective
artgrial embolization with N-2-butyl cyanoacrylate. The
study population comprised 20 male and 16 female patients
with an age range of 3.3-60.8 years. Nine lesions were
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locatized in the appendicular skeleton (1 in the upper and
8 in the Jower limb). 4 in the thormeie cage (1 1ib lesion and
3 scapular lesions), 17 in the pelvis and 0 in the spine
(1 thoracic and 5 sacral localizations).

Results A total of 55 embolizations were performed; i 22
cases (61%) only one embolization was needed, whilst two
entbolizations were necessary in 9 cases {25%) and 3 in the
remaining 3 patients (14%). The treatment was etfective in
32 patients (94% ) follow-up was 0.9-5 vears. In one
patient, previously surgically weated, only the cvanoacry-
late embolization turned out to be usefnl for healing the
lesion. Another 7 patients underwent surgery during the
study period. Tn the 535 procedures we performed we had 3
complications (5% 2 cases of skin necrosis and 1 of
transient paresis.

Conclusions Arterial embolization with cyanoacrylate may
be the weatment of choice for ancurysmal bome cysts,
Embolization is a less invasive, lower cost, simpler
procedure than surgery and is easily repeatable.

Keywords Ancurysmal bone cyst {ABC): Tumor-like
fesion - Digital subtraction angiography (DSA}- Selective
arterial emboiization (SAE} - N-2-buty) cyancacrylate

Introduction

Aneurysmal bone cyst (ABC) is & lvtic benign bone lesion
representing about 1% of all primary bhone tumors [1-3].
The leston causes pain and swelling, which are gencraily
present for less than 3 months. Previous trauma in the same
skeletal site has been reported. Sometimes the onsel or
progression is observed during pregnancy.

Jaffe and Lichtenstein inwroduced the term aneurysmal
bone cyst in 1942, Its definitive etiology sull remains to be
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detined. Jaffe’s original hypothesis was that of a hemor-
rhagic “blow-up” with clevated internal pressure enclosed
i a pre-existing bone lesion [4-6]. On this basis other
authors suggested that ABCs were arteriovenous malfor-
mations associated with other primary bone lesions includ-
ing giant cell tumor, hemangioma, chondroblastoma,
osteoblastoma, non-ossifyiog fibroma, fibrous dysplasia,
chondromyxoid tibroma, and cosinophilic granuloma {2, 7,
%1. Even though abnonmalities in the karyotype of the tamor
cells have recently been described, ABC is commonly
regarded as a benign fumor with reactive and hyperplastic
histological features and is characterized by cystic cavities
lined by mesenchymal tissue and filfed with blood.

These lesions may [ead to very rapid bone expansion and
may show aggressive behavior.

Bone expansion may limit the range of motion of a
neighboring joint and mild to severe neurclogical impair-
ment may result from spine lesions. Pathological fractures
are uncomumon. Spontaneous healing, though reported in
the literature, is very rvare [¥]. Because of its radiological
and pathological aggressiveness it is sometimes mistaken
for a malignant tamor [19, 11]. The radiological {indings of
ABC are well described in the literature and the morpho-
logical features of the lesion are well ideotified by
conventional radiography, CT, MRI and bone scamning;

Apri] 2008

the classic radiographic appearance is that of an expansile
gecentric osteolytic lesion with a geographic pattern or less
frequently with a lytic permeative pattern [1-3, 121,

Any osseous segment may be affected, but the maost
common sites are represented by the metadiaphyseal
regions of the long bones (femur, tibia, humerus) and spine
(in decreasing order of frequency: thoracic, lumbar,
cervical, and sacral). The posterior vertebral elements are
often mvolved, sometimes in combination with the verte-
bral body. The adjacent vertebra may be involved and
neighboring ribs may be affected as well [13]. Aboul 9% of
ABC’s arise in the pelvis. The small bones of the hand and
Teet account for approximately 10 1o 14% [1].

The lesion is slightly more frequent in females {ratio
F/M 1.571-2/1) and mostly found in the second decade
of life: 85% of cases occur before 20 years of age. Tt is
rave in patients older than 30 years [1].

The standard treatiment for ABC is curettage, but there is a
high risk of local recurrence {2, 7). Embolization with
resorbable materials and/or coils, was initally introduced as
a preoperative procedure 1o reduce mtraoperative homorrhage
and for the treatment of sites with difficult swreical access,
Percutancous intralesional injection with {ibrosing agenis was
also used as an altemative to surgery [14-16]. Because of the
success of these less mvasive procedures the indication for

Site Number Size (cin) Sex Age (years} Radiographic features Vasculanzation
0-3 =8 M F <10 10-20 >20

Thorax 4

Rib 12 I - I 1 I geographic® iH?

Scapula 3° 3 3® i av - 2 geographic”. 1 permeated 1H, 2p®

Upper limb 1

Humerus 1 ] i | 1 geographic tH

Pelvis 17

Tium a9 4 3 3 6 i 7 1 8 gengraphic, 1 permeated 35,38 3H

[schium and pubis 8 6 2 5 3 2 4 2 4 geographic, 4 permeated 45,0 1R 3H

Lower limb b

Fernuzr 7 3 4 4 3 3 - 4 7 geographic SPO2H

Tibia 0 - e - -

Fibula 1 - 1 - t - 1 - I geagraphic 1P

Spine &

Cervical 0 — - - - - - - -

Thoracic i - I - 1 1 I geographic tH

Lumbar - - -

Sacral 3 2 3 3 2 - 3 2 5 geographic 28, 2h, 1]

S = slight; T = pronounced: H = huge. regardless of the number of embolizations

1 Male patient underwent surgery 3 months after the first embolization

"1 Male patient underwent surgery for skin necrosis
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Table 2 Recurrence ® rate according sex (malefemale), age, site, size, radiographic features at the onset, and vasculavization, There were 14
patients (3%%): 8 male {22%9), 6 female (17%). The follow-up ranged from 0.9 to 5 years

Patients, 36 (100%) 1 Embolization 1T Embolization

T Embolization Follow-up

22 patients (61%) 9 patients (25%%) 5 patienis {14%) “Iyears =lyears
No R (ur) IR {In TR 20 Asymptomatic Healed
Sex 12 male 5 male (nr)® 7 male (nr)
10 female 3 female {nr) 7 female ()
6 male Fooale (I 5 male (11
3 fomale I female (16) Z female (lr)
2 male - 2 male (2r)
3 female 2 female (20) | female (21)
Age (years)
< 10 3 2 } -
10-20 13 7 4
= 20 & - -
Site Scapula 2 Scapula * Tiam 3
Rib 1*  Femur 3 lschium and pubis 2
Humerus 1 Tiwm 2
Mium 4 Ischium and pubis 1
Ischiumand pubis 3 T-spine 1
S-spine |
Fermr 4
Fibuola |
Sespine 4
Size {eni) -
0-5 15 4 -
> 5 7 5 5

3 geographic”
1 permeated
3S®, 2P, 4H

16 geographic®
6 permeated

38, 7P 10H*

Radiographic features

Vascularization

4 geographic -
I permeated
35,10 1H

§ = slight; P = pronounced; H = huge, regardless of the number of embolizations

*1 Male patient underwent surgery after 3 nmionths from first embolization

*§ Male patient underwent surgery for skin necrosis

embolization of ABC has been extended [17-22]. Nowadays,
in our Institute, sclective arterial embolization (SAE) with
acrylic glue is considered the treatment of choice for almost
alt ABCs of the musculoskeletal systein, and swrgery is
fimmited to ABCs of the extremitics and the cervical spine.

Materials and methods

From April 2003 to April 2008, 36 out of 43 consecutive
patients atfected with solitary ABCs were treated with SAFE
with N-2-butyl-cyanoacrylate. Six patients underwent surgery
becanse of the increased risk of ischemic complications; in 4
the ABC was distal to the knee, whilst in 1 patient the ABC
was localized in the second fumbar vertebra and the spingl
artery of Adamkiewicz originated from the stalk of the lesion,

and in | patient, common arterial vessels fed both the lesion
and the normal temoral epiphysis. Tn another patient, affected
by ABC of the proximal femur, SAE was not performed
becanse no pathological vessels were identified at digital
subtraction angiography (DSA)L

All embolized ABCs were primary forms; there weire no
secondary ABCs in our series.

Diagnosis was achieved by CT-guided percutancous
needle biopsy except in three cases (2 pelvis and 1 fibula)
in which an incisional biopsy was performed.

Of the 36 patients treated with embolization, 20 were
maie and 16 female, with an age range of 3-60 vears,
Bemographic data and number of procedures for the 36
patients are shown in Table |,

All the DSA and SAE were performed by inserting a
catheter through the commaon femoral artery (Seldinger
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Table 3 Radiographic results (R) and clinical resulis (O in relation to sex (male/female). age, sile, and size, Follow-up 0.9-3 years

Patients (36, 100%) Sex and age (vears) Site Size {om) Radiographic results (R} Clinical results ()
0-5 =3 L P o D H
15t embolization 12 male, 10 females 5 7
{22 palients, 61%) 3 (=10} Scapula 2 2 m m n m
13 (10-29) Rib 1 1? - m* - - m’ -
G* (>20) Humenis 1 [ m m
Thum 4 i 3 f m mf mf mt
Tschinm and pubis b 4 1 Im f af 2mf 2t
Femur 4 3 1 f 2mf f 2mf
Fibula i - 1 - - { - f
S-spine 4 3 1 - - 2m2f Zm2f
2nd embolization G male, 3 famale 4 5
(9 patients. 23%) 2 (<10) Scapula SR L m - - m®
7 (16-20) T-spine i - I - ¢ P
— {=20) S-dpine i 1 — - - m - m
Femur 3 | 2 m mf 2mf
flium 2 — 2 - m f mi
Eschium and pubis 1 I - - - m m -
3rd embolization 2 male, 3 female B 5
{5 patients, 14%) 1 (<10) Tlium 3 - 2 - 3f - 2f f
4 (10--2G) [schium and pubis 2 - 2 2m Im
w {220

ossification <25%; PO = partial ossification 25-50%,; O = ossification >758%

Ossitication cvaluated on X-ray film and CT
"1 Male patient underwent surgery 3 months afler first embolization

" | Male patient underwent surgery for skin necrosis

technique) under local anesthesia. General anesthesia was
used only in pediatric patients. Glubran 2 surgical glue (N-
2-butyl-cyanoacrylate) was mixed with Lipiodol ultraftuid
(dilution 33%) and the compound was injected “sand-
wiched” with glucosate solution 5% to prevent polymeri-
zation with blood. The materials used for canrying out DSA
and SAE were Introducer 4 F (Cordis Corporation, Miami,
FL, USA) and Introducer 5 F (Terumo Corporation, Tokyo,
Tapan), and the catheters used were Pigtail 4 F (Cordis
Corporation), Cobra 4 F-Simmons 4 F (Terumo Corpora-
ton) and Coaxial Catheters System (2.7-2.9 F preshaped
MC-PP27131, 130 cm; Terumo Corporation).

The procedure was divided into three steps. The first step
was a DSA of the anatomical site of the ABC to obtain a
vascular map of the pathological vessels (Introducer,
Pigtail, Cobra, Simmons). The sccond step was selective
and superselective catheterizations (Coaxial Catheters Sys-
tem) und subsequent embolization of the lesion feeding
vessels; after every single embolization a control DSA was
performed to verify the quality of the occlusion and the
residual pathological bloodstream, At the end of the
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Fig. 1 Mann-Whitney test p=0.05. Distribution of the patients’ age
in relationship o recurrence
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procedure (third step) another DSA of the ABC was
performed in order to evaluate the efficacy of the occlusion.

All the procedures were carried out with a Philips
Integris V3000 Cesar-SCP-Visub angiographic system
(Philips Medical Systems, Eindhoven, the Netherlands).

Usaally 100-200 cc of Onmipaque (ichexol; 350 mg/ml;
GE Healthcare, Princeton, NJ, USA) contrast medium was
used for a diagnostic angiographic, selective and final
angiographic check. The time needed for a single procedure
ranged from 1 to 2 h. All the procedures were carried out
after informed consent had been obtained. The ABCs were
considered compietely healed if recurrences did not oceur
within 2 vears of embolization.

Results

The rates of recurrence and/or persisience of disease are shown
in Table 2. Clinical and radiographic resuits are shown in

H
i

‘a

Table 3. In 21 patients. the lesions did not recur afler the first
embolization. One pafient with a thoracic cage ABC, despite
lesion stability, requested a surgical eperation 3 months afier
the first embolization. Only in 24 patients (67%), 14 male
and 10 female, was the follow-up longer than 2 years and
therefore only these patients can be considered healed; in the
remaining 12 patients (33%). 6 male and 6 female, the
follow-up was shorter than 2 vears (range 0.9-2 years), so we
consider these patients asymptomatic, but still not healed.
Recurrences and/or persistence of disease occurred in 14
patients (39%), 8 male and 6 female. In 9 patients (23%) we
had one recurrence and/or persistence, i 5 patients (14%) we
had two recurrences. All these developed about 0,1-0.11 vears
{median 0.6 SD::0.5) after the first embolization. The paticnis
with recurrent disease underwent ancther SAE. Three
complications occiured (6 %) 2 cases of skin necrosis. | in
the scapula (this patient had undergone a flap procedure), the
other in the groin, and | case of transient paresis. These
complications had no influence on the patient’s ovicome.

Fig. 2 Fow-year-cld girl, a Radiograph before embolization: geographic and partiaily permeated lytic Tesion of the proximal left femar, B¢ DSA:
lesion vascularization before and after second embolization. d Follow-up radiographs demonstrating progressive recalcification in 3 years
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Our data (Tables 2, 3) were analyzed by Pearson’s Chi-
squared test and Chi-squared test using Fisher’s method.
We used the Mann-Whitney nonparametric test to deter-
ming the relationship between recwrences and patient age.
Local recurrence was higher in patients younger than
16 years: Mann—Whimey nonparametric test p=0.03,
Patients with recutrence had a median age of 1224435
(range 3—17) vears, Patients without recwrrence had a
median age of 18.9£13.8 (range 3-60) years (Fig. 1)

There were no statistically significant differences with
regard o sex, site, radiographic appearance (lytic geo-
graphic, lytic permeated), and tumor stain (vascularization}
between recurrences and healed lesions,

There was a tendency (although not statistically signif-
icant in Pearson’s Chi-squared test) for lesions with reduced
initial vascularization to show little ossitication (less than
25%) in the post-embolization healing period. Instead, a
partial or total post-embolization ossification was more
frequently encountered in lesions with pronounced or
extensive vascularization from the onset,

There was a statistically significant difference according
to the Chi-squared test using Fisher’s method (p .02 )
between the lesion initial size and the recurrence rate.

In the patients with a lesion size smaller than 5 cr, there
were 4 out of 19 recurrences (21.2%) whiist there were 10

Fig. 3 A l6-year-old male patient. a Radiograph: geographic Iytic
lesion of the left Heo-pubic branch, b CT after contrast medium. ¢
DSA: huge vascularization from the obturntor artery. d SAE with

@ Springer

out of 17 recurrences {58.8%) in patients with lesion size
greater than 3 cm.

Among the 7 patienis with ABCs who were reated with
curettage during the study period, none developed a local
recurrence after a follow-up ranging between 0.7 and
3 years.

Discussion

Lesion gize and patients” age represented important prog-
noslic factors for the owtcome of the lesion. Palients
yvounger than 16 vears and lesions larger than 5 cm n
diameter were more often associated with local recwrrence
or persistent disease.

Regardless of the number of embolizations, 24
patients, 14 male and 10 female (67% of the total)
were considered healed after a follow-up period longer
than 2 vears. All recurrences occurred within 1 year of
the first embolization.

Recurrence or persisient discuse are the main problems
in other kind of treatmen{s too: afier surgical treatment
{curcttage afone or curettage with bone grafting) or
percutaneous injection with fibrosing agents, recumrences
are frequently encountered. usuaily as an early complica-

cyanoacrylate. € Follow-up at 2 years: vadiegraph. £ C'F with contrast:
complete healing of the ileo-pubic branch
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tion, Recurrence rates after curettage vary widely in the
literature. Cottalorda and Bourelle performed a review of
the literature including series of 20 cases or more and the
recurrence rate of 669 ABCs treated with curettage with or
without bone gralt was 31% [23].

The 7 patients who were treated in our Institute with
curettage (with or without bone grafting) during the study
period did not develop local recwrrence until today.
However, the follow-up period was relatively short.

Two authors have recently reported their experience of
intralesional injections with fibrosing agents (Ethibloc),
Adamsbaum et al. [15] reported 17 patients with a mean
follow-up of 5 years. Three patients (18%) required surgical
freatment of 2 local recurrence/persistent discase.
Topouchian et al. [16] reported 15 patients with a mean
follow-up of 6 years. Four patients (27%) required surgical
treatment of a local recurrence/persistent disease, The 12
patients, 6 male and ¢ female (33% of the total), with
follow-up of less than 2 years, cannot be considered healed,
even in the absence of any symptoms,

On the basis of our experience with selective arterial
embolization with N-2-butyl cyvanoacrylate for ABCs, we
can say that in the presence of subtotal or total recalcifi-
cation with reduction of the mass, asymptornatic lesions can
be considered healed, even if the follow-up is less than
2 years. In the case of partial recalcitication, regardless of
the reduction in diameter of the mass. asymptomatic lesions
can be considered healed if the tollow-up is equal to or
more than 2 years. {Figs. 2, 3).

Conclusions

Selective arterial emboelization is indicated in the treatment
of ABC, especialty in those sites with ditticult surgical
access of in patients at high risk of extensive intraoperative
bleeding [17-2Z]. In our experience selective arterial
embolization with N-2-butyl cyanoacrylate was associated
with good cuorative results and a low complication rate.
Today. together with the injection of fibrosing agents [14—
161, this procedure may be considered a less invasive, more
feasible, more effective, more easily repeatable altemative
to standard surgical treatments, allowing lesion healing at
lower cost and lower risk,
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