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ABSTRACT

Purpose: To evaluate the role of multimodality imaging tools for intraprocedural guidance and outcome evaluation during
sclerotherapy of low-flow orbital vascular malformations.

Materials and Methods: A retrospective review was performed of 17 consecutive patients with low-flow orbital malformations
(14 lymphatic, 2 venous, and 1 venolymphatic) who underwent multimodality image-guided sclerotherapy between November
2012 and May 2015. Sclerotherapy technique, image guidance tools, and complications were recorded. Sclerotherapy outcome
was evaluated using clinical response, magnetic resonance (MR) image–based lesion volumetry, and proptosis quantification.

Results: There were 22 sclerotherapy sessions performed. Intraprocedural ultrasound (US), fluoroscopy, cone-beam computed
tomography (CT) and MR image fusion were used for image guidance with 100% technical success. Resolution of presenting
symptoms was observed in all patients at 1-month follow-up. Four major sclerotherapy complications were successfully
managed. Statistically significant reduction in lesion volume (P ¼ .001) and proptosis (P ¼ .0117) by MR image analysis was
achieved in all patients in whom 3-month follow-up MR imaging was available (n ¼ 13/17). There was no lesion recurrence at a
median follow-up of 18 months (range, 8–38 mo).

Conclusions: Multimodality imaging tools, including US, fluoroscopy, cone-beam CT, and MR fusion, during sclerotherapy of
low-flow orbital malformations provide intraprocedural guidance and quantitative image-based evaluation of treatment outcome.

ABBREVIATIONS

DAP = dose area product, IOP = intraocular pressure, STS = sodium tetradecyl sulfate

The infiltrative nature of low-flow orbital vascular
malformations makes complete surgical resection chal-
lenging, with risks of nerve damage, scarring, infection,
and incomplete resection (1,2). During long-term follow-
up, these malformations have a tendency to recur, as
reported in the surgical literature with recurrence rates of
58% and 71% at a mean follow-up of 3.4 years and 7.2
years, respectively (1,2). Sclerotherapy has been increas-
ingly used as a minimally invasive treatment option for
the management of these malformations (3–12). The
main challenges of sclerotherapy are safe access into
retrobulbar lesions, management of orbital compartment
syndrome after sclerotherapy, and lack of standardized
evaluation of treatment response (13). The purpose of
this study was to evaluate the role of multimodality
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imaging tools for intraprocedural guidance and outcome
evaluation during sclerotherapy of low-flow orbital
malformations.

MATERIALS AND METHODS

After obtaining institutional review board approval, a
retrospective review was performed of all consecutive
patients with low-flow orbital vascular malformations
who underwent sclerotherapy between November 2012
and May 2015. During this period, 17 patients (9 male, 8
female) with a median age of 8.5 years (range, 1–42 y)
were treated. Nine of 17 patients (53%) had a history of
incomplete surgical resection or recurrence after surgery.
Patient demographics, clinical presentation, malformation
type, and location are summarized in Table 1. All patients

were managed using an institutional multidisciplinary
management algorithm (Fig 1).

Multimodality Image Guidance
Magnetic resonance (MR) imaging was performed using
a Philips Achieva 1.5 Tesla MR Scanner (Philips Health-
care, Best, Netherlands) with and without contrast with
emphasis on fat-suppressed T2-weighted imaging in
sagittal, axial, and coronal planes. Intraprocedural ultra-
sound (US) imaging was performed using a linear 8- to
18-MHz transducer (LOGIQ E9; GE Medical Systems,
Milwaukee, Wisconsin). Cone-beam computed tomog-
raphy (CT) imaging (syngo DynaCT; Siemens AG,

Table 1 . Patient Demographics, Malformation Type, Anatomic

Distribution, and Clinical Presentation

No. Patients %

Demographics

Male 9 52.9

Female 8 47.1

Median age, y (range) 8.5 (1–42)

Malformation type

Lymphatic 14 82.4

Microcystic 12 70.6

Macrocystic 2 11.8

Venous 2 11.8

Mixed 1 5.9

Anatomic distribution

Preseptal 13 76.5

Extraconal 12 70.6

Intraconal 13 76.5

Clinical presentation

Intralesional hemorrhage

with acute/subacute orbital

compartment syndrome

8 47.1

Chronic intermittent pain and

periorbital swelling

5 29.4

Deprivational amblyopia 3 17.6

Migraine and seizures 1 5.9

History of previous surgical

resection

Yes 9 52.9

No 8 47.1

Associated findings

Developmental venous

anomalies

7 41.2

Dural arteriovenous fistula 1 5.9

Multiple pial arteriovenous

fistulae

1 5.9

Extraorbital involvement 10 58.8

Figure 1. Institutional algorithm for management of low-flow

orbital vascular malformations. DLCO ¼ diffusion capacity of

lung for carbon monoxide; LM ¼ lymphatic malformation; VM ¼
venous malformation.
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