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Abstract Orbital venous malformation (OVM) is a congenital vascular disease. As a common type of vascular
malformation in the orbit, OVM may result in vision deterioration and cosmetic defect. Classification of orbital
vascular malformations, especially OVMs, is carried out on the basis of different categories, such as angiogenesis,
hemodynamics, and locations. Management of OVM is complicated and challenging. Treatment approaches
include sclerotherapy, laser therapy, embolization, surgical resection, and radiotherapy. A satisfactory outcome
can be achieved only by selecting the appropriate treatment according to lesion characteristics and following the
sequential multi-method treatment strategy. This article summarizes the current classification and treatment
advances in OVM.
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Introduction

Orbital venous malformation (OVM) ranks as the most
common type of VM in the orbit. OVM is a congenital
vascular disease due to aberrational angiogenesis during
embryonic development. Abnormal, tangled, or irregular
dilated vascular channels form weakened segments of the
orbital venous system, in which the hemodynamics are
altered. OVM usually occurs in young and middle-aged
individuals with no significant difference between sexes.
The common complaints of patients include cosmetic
defect, intraorbital pain, exophthalmos, ptosis, and visual
deterioration. Most OVMs can be managed conservatively
by observation. Indications for treatment include high
orbital pressure with functional defect (usually caused by
acute profound hemorrhage), severe pain, and cosmetic
disfigurement. The latest classification consensus has been
established by the International Society for the Study of
Vascular Anomalies (ISSVA) [1], which provides the basis
for the treatment of vascular lesions, including those of the
orbit. Several simplified classifications have been used
clinically in conjunction with international classification
for treatment planning. The methods used to treat OVMs

include sclerotherapy, embolization, laser therapy, inter-
ventional therapy, and radiotherapy. A sequential multi-
modality treatment strategy, which uses two or three forms
of treatment in a stepwise manner, has been proposed
through the increased understanding of the pathophysiol-
ogy and hemodynamics of OVMs and development of new
techniques. This review focuses on the updated classifica-
tion and treatment of OVMs.

Classification

Classification is the treatment foundation of different types
of orbital vascular diseases. The approach is carried out in
different categories according to International Society for
the Study of Vascular Anomalies (ISSVA) classification
and on the basis of Mulliken and Glowaki’s classification
based on pathologic characteristics [2]. In terms of
angiogenesis, malformations may consist of arterial,
venous, or lymphatic vessels. These elements may exist
individually or in combination. In hemodynamic cate-
gories, congenital vascular malformations are divided into
high flow [arteriovenous malformation (AVM) and con-
genital arteriovenous fistulas (AVF)] and low flow [venous
malformation (VM), lymphatic malformation (LM), and
combined lymphatic–venous malformation (LVM)].
LVMs are further divided into venous-dominant LVM
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(VD-LVM) and lymphatic-dominant LVM (LD-LVM).
This classification is designed for nonorbital vascular
anomalies but can also be applied to OVMs [3]. OVMs
belong to the low-flow category and can be purely venous
or mixed. The existence of pure LM in the orbit remains
controversial because evidence suggests that lymphatic
channels are absent in the post-septal or deep portion of the
orbit [4]. In terms of location, these malformations can be
superficial (anterior, visible lesions limited to the con-
junctiva or eyelid), deep (retrobulbar or peribulbar lesions
without surface manifestation), combined (superficial and
deep), and complex (not only involving the orbit but also
the periorbital and intracranial tissues; possibly multifocal
and systemic).
Furthermore, based on hemodynamic features, OVMs

can be divided into distensible and nondistensible lesions.
Distensible lesions consist of VD-LVMs and some pure
VMs, whereas nondistensible lesions comprise LD-LVMs
and VMs. Due to their communication with venous
circulation, distensible lesions show positive response to
Valsalva maneuver, bending forward, or straining. Deep
lesions show proptosis or globe displacement with
increased pain. In certain cases, large distensible lesions
may appear enophthalmic due to the enlargement of the
orbital bone and atrophy of intra-orbital fat [5]. By
contrast, nondistensible OVMs exhibit minimal commu-
nication with the venous system and show negative
response to Valsalva maneuver; however, these OVMs
are characterized by episodes of spontaneous hemorrhage
or thrombosis, which leads to acute exacerbation of the
syndrome. Sudden hemorrhage or thrombosis leads to
severe proptosis with a marked increase in orbital pressure
and to orbital compartment syndrome. Certain distensible
OVMs are clinically unapparent but can be demonstrated
on image examination. Therefore, distensible OVMs seem
to be more prevalent than reported [3].
For clinical practice, we proposed a simplified classifi-

cation, defined as stratified three-grade classification, of
orbital vascular lesions. First, depending on histology,
orbital vascular lesions are divided into proliferative
vascular lesions (tumor) and congenital vascular malfor-
mations. Second, in terms of vascular components,
congenital vascular malformations are further classified
as AVM, VM, LM, LVM, and cavernous hemangioma
(CH). Third, according to hemodynamic characteristics,
pure VMs and LVMs are subclassified as distensible and
nondistensible subtypes. CH is a special type of vascular
malformation because of its arterial component (similar to
AVM in the angiogenesis category) and a low blood flow
(similar to VM in the hemodynamic category). The
stratified three-grade classification is outlined in Fig. 1.

Imaging

Complementary imaging examination is indispensable for
the differential diagnosis and treatment of OVMs, and
computed tomography (CT) and magnetic resonance
imaging (MRI) are the most common techniques. CT is
ideal for confirming the presence of a deep located mass
and for discovering a phlebolith or an osseous abnormality,
whereas MRI is excellent for revealing additional key
information to distinguish between lesions with similar
appearance. Under CT, OVMs show a clearly defined
hyperdense mass in contrast with brain tissues, exhibiting
homogenous enhancement when injected with contrast
product. The mass can be round, irregular, or lobulated.
The lesion border can be indistinct if hemorrhage is
present. Intraconal well-defined OVMmay be mimicking a
cavernous hemangioma. Thus, the existence of phlebolith
and absence of capsule around the lesion are key points to
distinguish OVM. A dual-phase CT angiography (CTA),
which introduces Valsalva maneuver during the venous
phase, can effectively identify distensible lesions.

Fig. 1 Stratified three-grade classification of orbital vascular lesions.
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Distensible OVM demonstrates an initial small nidus of
filling in pre-Valsalva arterial phase, with progressive
filling and expansion in the subsequent Valsalva venous
phase. However, nondistensible OVM shows no dilatation
with Valsalva maneuver. MRI appearance of OVMs shows
low signal in T1 weighted image (T1WI) and medium to
high signal in T2 weighted image (T2WI), with evident
enhancement post contrast. The sign of flow void in MR is
usually absent because OVM is a low blood flow
malformation [6]. The combined lymphatic–venous mal-
formation (LVM) shows an unencapsulated infiltrative
nature on imaging.

Treatment

Management of OVMs remains challenging due to their
deep or intraconal location, infiltrative nature, and
tendency to bleed during operation. No definite treatment
standard is available to date, but angiogenesis, phenotype,
and hemodynamics are commonly considered, and OVMs
are treated in a multidisciplinary manner. Small and
asymptomatic lesions can be managed conservatively by
periodical surveillance. Malformations with acute intrale-
sional hemorrhage that leads to acute proptosis and
compressive optical neuropathy usually require emergency
decompression. Malformations that present intolerable
pain, functional defect, repeated hemorrhage, and chronic
cosmetic disfigurement are managed selectively [7,8].
Treatment approaches are varied, including sclerotherapy,
laser therapy, embolization, surgical resection, and radio-
therapy. With progress in hemodynamic studies and
improvement in new therapeutic techniques, OVM treat-

ment strategy gradually developed a sequential multi-
method treatment modality. Figs. 2 and 3 show the
treatment strategy of distensible and non-distensible
OVM. Although various therapeutic methods are available
for OVM, conventional treatment is still an option because
all interventions present certain risks.

Sclerotherapy

Sclerotherapy is one of the first-line treatments for OVMs,
which block abnormal vessels and cause these vessels to
atrophy. This treatment is particular appropriate for
nondistensible lesions, which experience low blood flow
that results in increased reaction time for sclerosants.
Different sclerosants include pingyangmycin, dehydrated
ethanol, sodium morrhuate, ethanolamine, sodium tetra-
decyl sulfate, picibanil (OK-432; a sclerosant made of
group A Streptococcus pyogenes of human origin), and
polidocanol. Numerous ophthalmologists prefer pingyang-
mycin as their first-choice sclerosant agent [9–14].
Absolute ethanol and sodium tetradecyl sulfate are
traditional sclerosants, but their intraorbital application
remains controversial [3].
For retrobulbar and combined lesions, we should focus

on the complications when using sclerosants. Intraocular
pressure should be monitored during and after sclerother-
apy because sclerosants may cause inflammatory
changes that increase intraocular pressure and result in
orbital compartment syndrome [15]. Intraocular pres-
sure > 20 mmHg with afferent pupillary defects or
> 40 mmHg alone is an indication for orbital decompres-
sion surgery. Lateral canthotomy and inferior cantholysis

Fig. 2 Treatment strategy of non-distensible OVM. For superficial lesions, if puncture shows positive blood flow return, then
sclerotherapy followed or not followed by surgical resection is the first-line treatment; if puncture shows negative blood flow return, then
surgical excision or laser is an appropriate treatment. For deep extraconal lesions, sclerotherapy combined with surgical procedures is
primarily considered. For deep intraconal lesions, navigation-assisted sclerotherapy is preferred.
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are the mainstays of the management of this ophthalmic
surgical emergency [16].

Pingyangmycin

Pingyangmycin, which is also referred to as bleomycin A5
[17], is isolated from Streptomyces pingyangensis. This
sclerosant was first developed as an antitumor agent that
inhibits DNA synthesis [18]. At present, it is one of the
most commonly used sclerosants for treating vascular
diseases. Pingyangmycin underwent its first clinical trial in
China for the treatment of VMs in 1991 [19]; since then, it
has been used successfully to treat a variety of lesions,
including those of the head and neck [20]. Intralesional
injection of pingyangmycin destroys endothelial cells by
inducing apoptosis via extrinsic pathway, resulting in
sclerostenosis of the lumen [21–23]. Pingyangmycin
arrests endothelial cells in G2 and S phases by causing
DNA strand breakage and inhibition of DNA repair by
DNA ligase [24,25]. Histological studies shows that
vascular intima is disrupted and vascular walls become
collapsed and thickened after injection of pingyangmycin,
thereby resulting in the narrowing or occlusion of vessels
[26,27]. Pingyangmycin produces a dose-dependent and
time-dependent devascularization effect.
Pingyangmycin is used widely for superficial and deep

nondistensible OVMs. In most cases, the use of pingyang-
mycin as a single agent shows acceptable outcomes, and
lesion volume decreases with several adverse events in
treating OVMs [13]. In a recent large case series reported
by Jia et al. [9], 33 patients with low-flow OVMs
underwent intralesional injection of pingyangmycin. This
study achieved a mean lesion volume decrease of 84%, as
well as significant reductions in blue coloration and
thickness with no recurrence. Compared with ethanol,
pingyangmycin is a gentle and safe sclerosant that causes
minor discomfort upon injection. In extreme cases,

pingyangmycin is feasible for intraconal injection. The
limitation of this sclerosant is its need for repeated and
multipoint injections, which is inconvenient. The median
number of pingyangmycin treatments ranges from 2 to 3.5
[9,20].
Mild complications of pingyangmycin include pain,

conjunctival swelling, localized subcutaneous atrophy,
skin ulceration or necrosis, and mild fever not exceeding
38.5 °C and resolved within 24 h [28]. Severe complica-
tions, such as intraorbital pressure, loss of vision,
pulmonary fibrosis, and bone marrow suppression, are
rare [14,29]. Risks of these complications seem to be
minimal if the dose per treatment is maintained at less than
1 mg/kg per session and not more frequently than after an
interval of 1 week, with the total dose limited to 5 mg/kg
[30].

Pingyangmycin-combined lipiodol emulsion

Pingyangmycin-combined lipiodol emulsion causes the
sclerosant to stay longer in lesions with extensive
communication with the surrounding venous system and
high blood flow, such as distensible OVMs. Lipiodol
(iodized oil) is a drug-carrying agent with high viscosity,
which may accumulate in malformed veins and lead to
slow release of pingyangmycin. Lipiodol is radiopaque and
generally administered by percutaneous puncture under
fluoroscopic guidance. This condition allows the admin-
istration of adequate pingyangmycin lipiodol emulsion
(PLE) into the lesion and decreases the risk of PLE
leakage. This approach is widely used to treat numerous
types of VMs [31], and is a safe and effective treatment
[32]. Adverse effects of PLE include swelling and mild
intraorbital or periorbital pain. A drawback of this therapy
includes radiation, which may harm the patients and the
operators.

Fig. 3 Treatment strategy of distensible OVM. For superficial lesions, physicians can select surgical procedures combined with either
sclerotherapy or laser. For deep extraconal lesions, sclerotherapy combined with surgical excision or surgical exposure followed by
intralesional and excision is the first line treatment. For deep intraconal lesions, which are challenging in orbital surgery, navigation-
assisted sclerotherapy is preferred.
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Sodium morrhuate

Sodiummorrhuate presents a long history as a sclerosant in
the treatment of vascular diseases, including VMs,
hemangiomas, and esophageal varices. The sclerosant,
destroys endothelial and red blood cells, triggers platelets,
and aggregates granulocytes at the vascular walls without
affecting plasma coagulation [33]. Similar to pingyang-
mycinn, sodium morrhuate is administered by intralesional
injection. Sodium morrhuate and pingyangmycin can
cause vessel occlusion, but their mechanisms are different.
Pingyangmycin acts in abnormal vessels by causing vessel
wall thickening and luminal narrowing, and then total
vessel occlusion within ~3 weeks. Sodium morrhuate acts
similarly to phlebosclerosis, which leads to hematopexis
and thrombogenesis, and causes vessel occlusion within
approximately 2 weeks [34]. Although sodium morrhuate
has long been used to treat VMs effectively and within a
short time, the adverse effects are frequent and severe, and
the recurrence rate is higher than that with pingyangmycin
[35]. Recurrence after sodium morrhuate treatment occurs
mainly because of thrombosis dissolution and absorption.
Therefore, the application of sodium morrhuate has
decreased.

Ethanol

Ethanol is a highly effective sclerosing agent, which causes
degeneration of hemoglobin via dehydration, destroys
vascular endothelial cells, and causes tissue necrosis and
thrombogenesis at a concentration of 95%. Percutaneous
ethanol therapy of VMs is successful and safe in various
anatomical sites [36], and exhibits a lower risk of
recurrence than other sclerosants. However, its use for
treatment of OVMs is limited because the orbit is a
confined space; thus, swelling of tissues after ethanol
therapy induced by intense inflammation, and the
possibility of ethanol leaking from the lesions are risky
in optic nerve injury [37]. Therefore, ethanol can only be
used periorbitally for superficial OVMs, but definitely not
within the orbit. Periorbital injection of ethanol by
experienced surgeons may obtain acceptable outcomes
[38].

Ethanolamine oleate

Ethanolamine oleate is a fatty acid emulsion with an
established role in treating VMs of the head and neck. Its
mechanism is to induce thrombosis and damage the
endothelium. The overall response rate ranged from 88%
to 100% [17,39–41], but to our best knowledge,
ethanolamine oleate has not been reported in managing
OVMs. Complications of this sclerosant include skin
ulceration and necrosis.

Embolization

Gentle sclerosants, such as pingyangmycin, require a long
onset time to become effective. For distensible OVMs,
application of sclerosants may be poorly effective due to
rapid washout. Thus, numerous physicians prefer embo-
lization for distensible OVMs. Embolization aims to
reduce or block the vascularity of lesions. The approach
includes embolizing glues, such as cyanoacrylate glue,
fibrin glue, polyvinyl alcohol copolymer, microfibrillar
collagen, gelatin sponge, and detachable coils (such as
platinum Guglielmi detachable coils) and thermoelectric
desiccation.

Cyanoacrylate glue

Cyanoacrylate glue, an acrylic polymer, is usually
administered as a mixture of n-butyl-2-cyanoacrylate,
lipiodal, and a radiopaque medium (tantalum powder) to
treat distensible OVMs. Histopathology shows that
cyanoacrylate glue causes local acute vasculitis, chronic
inflammation, and granulomatous lesions in ~1 month after
injection [42]. Therefore, resection is often performed
immediately after glue injection to prevent further
inflammatory reactions. After injection, the glue poly-
merizes and forms a glue cast that results in solid and well
demarcated lesion from the surrounding unaffected tissues,
thereby allowing easy identification of the lesion and
assists with excision. Concomitant administration of
contrast agents can prolong the polymerization time of
the glue (~5 min). Thus, the lesions can be completely
filled before solidification, and the surgeons can surveil
any changes in the lesions under venography. Numerous
studies have reported that therapy with cyanoacrylate glue
followed by surgical excision of the embolized lesion with
minimal blood loss [43,44] exhibits good outcomes with
no or mild complications and infrequent recurrence.
Sometimes, the entire lesion is difficult to remove because
it is adjacent to vital orbital structures. Such situations may
lead to postoperative thrombosis or hemorrhage [37].
Moreover, remnant lesions are the main cause of
recurrence [45].

Detachable coils

Detachable coils are used to treat distensible OVMs. Their
clinical application was first reported by Gugilemi to treat
aneurysm in 1991 [46,47]. The coil is a soft device with
satisfactory compliance. The structure is fabricated from
platinum and connected with a stainless steel guide wire
for direct feed into the vessel. The coils are used in a
percutaneous or endovascular approach after catheteriza-
tion. When direct current is applied, the coil attracts the
blood components with a negative charge and leads to
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electrocoagulation and thrombosis. The connecting part of
the coil and the stainless steel wire are fused due to
electrolysis, leaving the coil within the malformed vessel.
However, the electrothrombotic effect alone cannot cure
VM because of its possible association with acute and
significant swelling, which may affect the normal outflow
of ocular structures, and the possibility of recanalization
[3]. Case reports of the application of detachable coils in
treating OVMs have been mainly discussed in the past
decades [48–50]. Coils are more useful for segmental or
saccular channels compared with tangled plexus vascular
lesions. At present, coils have been largely replaced by
less-aggressive embolization techniques, such as glue
embolization. A new type of coil, namely, the microfila-
ment nexus coil has recently appeared. However, such as
coil has yet to be used in treating OVMs [51].

Laser therapy

Laser therapy is another method with a long history to treat
VMs. The mechanism of laser therapy is called selective
photothermolysis, which indicates that suitable brief pulses
of selectively absorbed optical radiation can cause
selective damage to different tissues [52]. Oxyhemoglobin,
the main chromophore in blood vessels, exhibits a specific
absorption spectrum [53]. At these specific wavelengths,
the laser can selectively cause coagulation necrosis and
vessel closure without damaging the surrounding tissues.
Light absorption by hemoglobin increases the temperature
of vascular lesions and results in vessel coagulation [54];
thus, the patients experience size reduction of the lesions.
The types of laser with different wavelengths are as
follows: Nd:YAG, flashlamp-pumped pulsed dye laser
(PDL), CO2, argon, potassium titanium phosphate, and
diode.
Adverse effects include edema, orbital congestion,

necrosis, scarring, hyperpigmentation, or hypopigmenta-
tion [55]. These effects, most of which are transient, are
mainly caused by heat damage. Wavelength, pulse
duration, spot size, and total energy dose are the most
important factors when deciding on the therapeutic and
adverse effects, and intra- and postoperative cooling aids in
reducing these adverse effects.

Nd:YAG laser

Nd:YAG laser produces continuous-wave infrared light at
1064 nm, penetrating to a depth of 4–7 mm into the dermis
[56,57] and oftentimes 8 mm for soft tissues [58]. The two
different methods for application of Nd:YAG laser include
transcutaneous for superficial lesions and intralesional for
deep or combined lesions. The outcomes of Nd:YAG laser
therapy may be unsatisfactory in certain high-flow lesions
mainly due to the circulating blood that acts as a cooling

circuit, which probably prevents effective coagulation of
the lesions [57]. Therefore, deep and superficial VM with
low blood flow are indicated for Nd:YAG laser. Surgical
exposure combined with laser therapy is frequently
performed with acceptable outcomes [59,60]. This opera-
tive approach is usually preferred by the authors.

Flashlamp-pumped PDL

Flashlamp-pumped PDL exhibits a wavelength of 585 nm
and pulse duration of 0.45 ms. This approach was first used
to treat cutaneous vascular diseases, such as wine stains
because of its short penetration distance of ~1 mm. Thus,
its application in OVM treatment is limited to those of
superficial lesions. However, Bagazgoitia reported a case
of eyelid VM treated with combined PDL–Nd:YAG laser,
which can penetrate deeper than PDL alone and uses lower
fluencies than Nd:YAG alone [61]. Therefore, it can reach
deep lesions and reduce the risk of adverse effects.

Surgical resection

Surgical resection used to be a common and primary
method to treat OVMs. For small and superficial lesions,
the approach usually exhibits good outcomes. However,
for distensible lesions with abundant communications with
the drainage veins, especially for those that are large and
located deep in the orbit, surgical removal may not be
sufficient or may even be risky. These lesions do not
exhibit clear anatomical relationships with the surrounding
tissues. Simple resection can potentially cause bleeding
and extraorbital muscle and optic nerve damage. If serious
bleeding increases the intraorbital pressure, then surgical
exposure with subtotal removal and drainage are often
required to save vision [8]. A second operation may be
required to remove coagulated blood. At present, surgery
remains a major option to manage superficial nondisten-
sible OVMs. Moreover, removal of remnant lesions after
other therapeutic treatment has become an accessory or
secondary method for treating other types of OVMs.
VM associated with osseous hypertrophy is rare,

accounting for < 1% of all osseous lesions [62]. Some
researchers believe that this type of VM results from
increased blood flow to the adjacent tissues, whereas others
think that these particular VMs may be related to pressure
stimulation of the growing periosteum [63]. Sclerotherapy
and embolization can only manage abnormal soft tissues,
but these procedures cannot treat expanded bone or restore
the orbital skeleton. Thus, surgical removal of excess bone
or osseous reconstruction is the key to achieve satisfactory
correction of ocular dystopia caused by VM.
Surgical options include lateral orbitotomy, anterior

orbitotomy, medial orbitotomy, combined lateral and
medial orbitotomy, coronal incision, and transfrontal
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orbitotomy. The option of surgical approach to achieve
improved visualization and minimal manipulation of
orbital tissues mainly depends on lesion location.

Navigation-assisted surgery

Navigation-assisted surgery is a combination of computer
technology and medical imaging with the aim of improv-
ing the accuracy and safety of surgery by preoperative
planning, intraoperative navigation, and postoperative
evaluation [64]. A case of navigation-assisted sclerother-
apy of OVM by using a 20-G cannula placed on a needle
holder and integrated with the navigation system was
reported [65]. Follow-up evaluation showed improvement
of proptosis with no nerve damage or visual deterioration.
Our group also treated several patients by using naviga-
tion-assisted sclerotherapy or laser therapy. All patients
showed good outcomes without severe neural or vascular
damage. The navigation-assisted surgical system can
locate osseous structures and soft tissues, such as VMs.
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