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Orbital venous malformations (OVMs) are the most 
common orbital vascular lesions in childhood and 
are characterized by impressive exophthalmos and 

intraorbital hemorrhage.5 The incidence of OVMs in the 
general population has not yet been reported, but they are 
considered to account for about 11% of orbital occupying 
diseases. The commonly used means of examination in-
clude ultrasound, CT, and MRI. Due to the complicated 
structure of OVMs, bleeding, calcification, and fat could 
be very common, and the images are usually diversified. 
Because OVMs often involve or wrap around the optic 
nerve, the difficulty of treatment is significantly increased 
and the lesions are prone to recurrence. Improper manage-

ment may lead to a variety of serious complications, such 
as bleeding, injury of the optic nerve, venous thrombosis, 
and infection as well as increasing the risk of relapse.5,7

Volume-staged Gamma Knife radiosurgery (GKRS) 
has been commonly used in the management of large arte-
riovenous malformations, and it could potentially increase 
rates of obliteration and reduce damage to normal tissue in 
the treatment of OVMs. From March 2005 we performed 
volume-staged GKRS for OVMs in cases in which the le-
sions involved or wrapped around the optic nerve.9 The 
current review is devoted to the evaluation of the safety 
and efficacy of volume-staged GKRS as a preferred or ad-
juvant treatment for OVMs.
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OBJECTIVE This article is a preliminary evaluation of the efficacy of volume-staged Gamma Knife radiosurgery 
(GKRS) in the treatment of patients with orbital venous malformations (OVMs).
METHODS Twenty patients with moderate to large OVMs were treated with volume-staged GKRS between March 2005 
and October 2015. The series included 8 male and 12 female patients with an average age of 22.5 years (range 9–45 
years). The diagnoses were confirmed intraoperatively and at pathological examination in 14 cases and presumed in 
accordance with clinical and imaging findings in 6 cases. The median OVM volume was 12.2 cm3 (range 7.1–34.6 cm3). 
The median interval between stages was 10 months (range 6–12 months). The tumor margin dose for each stage ranged 
from 11.0 to 13.5 Gy. The median duration of follow-up was 45.5 months (range 18–98 months).
RESULTS Periodically scheduled MRI studies demonstrated evidence of a significant reduction of the original OVM 
volume in all cases. Visual acuity (VA) was preserved in 18 cases (90%). Five patients (25%) experienced vision im-
provement of varying degrees, and 13 (65%) experienced long-term preservation of VA at their pre-GKRS level. Deterio-
ration in VA was observed in only 2 cases (10%). MRI demonstrated OVM regression after treatment in all cases, and all 
patients were found to have reduction of exophthalmos after volume-staged GKRS. Follow-up MRI revealed recurrence 
in only 1 case (5%). Three patients (15%) developed transient conjunctival edema.
CONCLUSIONS This retrospective investigation indicates that volume-staged GKRS provides an effective manage-
ment option in selected patients with OVMs, providing excellent visual outcomes. The study adds substantial support for 
volume-staged GKRS as a major treatment for OVMs.
https://thejns.org/doi/abs/10.3171/2018.7.GKS18661
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Methods
Patient Characteristics

From March 2005 to October 2015, 83 patients suffer-
ing from OVMs underwent GKRS at the Second Hospital 
of Tianjin Medical University. All patients were referred 
to us after OVMs were diagnosed by experienced oph-
thalmologists on the basis of typical imaging findings 
and clinical features and in some cases also surgical his-
tory. Twenty patients met the special selection criteria for 
volume-staged GKRS (i.e., moderate to large volume, le-
sion involving or wrapping around the optic nerve). All 
of the patients (8 male and 12 female, median age 22.5 
years, range 9–45 years) were evaluated by means of MRI 
and ophthalmological examinations as well as interviews 
or questionnaires. The diagnosis had been confirmed by 
pathological examination in 14 patients (7 of whom had 
undergone more than 2 prior resections), and the clinical 
diagnosis was presumed on the basis of clinical features 
and imaging findings in the other 6 patients.

All patients underwent detailed visual function and vi-
sion quality assessment before volume-staged GKRS. Vi-
sual acuity (VA) testing was performed using the standard 
logarithmic VA chart. Five patients had VA of 1.0 or better 
in the affected eyes, 8 eyes had VA of 0.6–1.0, 4 eyes had 
VA of 0.1–0.5, and 3 eyes had VA of less than 0.1. All 
patients showed obvious proptosis in their affected eyes.

Volume-Staged GKRS
Volume-staged GKRS was performed using Leksell 

Gamma Knife unit model B (Elekta Instruments AB) 
before 2005, model C until 2014, and the Gamma Knife 
Perfexion from August 2014 on. Local anesthesia was 
induced with a mixture of lidocaine and normal saline 
before the Leksell G frame was attached, and then the pa-
tient underwent MRI or spiral CT scanning. DICOM files 
of MRI/CT were transferred to the Leksell GammaPlan 
workstation (Elekta AB) for use in target delineation and 
dose planning. The dose plan was separated into volu-
metric stages demarcated by optic nerve, endeavoring to 
limit the maximal dose to the optic pathway to no more 
than 8 Gy for each stage (Fig. 1). The prescribed margin 
dose ranged from 11.0 to 13.5 Gy. The median pre-GKRS 
OVM volume was 12.2 cm3 (range 7.1–34.6 cm3), and the 
mean volume of the first-stage GKRS was 8.8 cm3 (range 
5.2–26.4 cm3). The second-stage GKRS was usually per-
formed after a median interval of 10 months (range 6–12 
months) with a similar prescribed margin dose and maxi-
mal dose to the visual apparatus.

Follow-Up
In all cases follow-up evaluations were performed by 

senior neurosurgeons or ophthalmologists who did not 
participate in the radiosurgical procedure. Patients were 
followed up at 6-month intervals for the first 2 years after 
GKRS and then once a year thereafter. The mean follow-
up period was 45.5 months (range 18–98 months). The lat-
est follow-up results were compared to the patients’ base-
line data for further evaluation.

Statistical Analysis
In this study, the data were analyzed and processed us-

ing SPSS version 14.0 (SPSS, Inc.).

Results
Vision Response

The latest data from post-GKRS VA examinations are 
summarized in Table 1. Five patients experienced vision 
improvement of varying degrees as of their latest follow-
up. Two patients whose pre-GKRS VA was 0.2 experi-
enced improvement after GKRS to a VA of 0.4. Three 
other patients whose pre-GKRS VA was 0.6–0.8 had VA 
of 1.0 after GKRS. In 13 cases, the patients’ VA remained 
stable after volume-staged GKRS (including 4 cases in 
which the patients’ ipsilateral VA was counter finger or 
light perception and remained stable at their latest follow-
up). Deterioration in VA was observed in 2 patients by 4–8 
months after their second-stage GKRS, in spite of stable 
VA after the first-stage GKRS. Two patients, whose pre-
GKRS VA was 0.2, could only count fingers via their af-
fected eyes during the latest VA evaluation. Six patients 
experienced improvement in their visual field and color-
contrast function. All patients were found to have remark-
able reduction of their ocular signs (such as proptosis, con-
junctival hyperemia, or pain) after volume-staged GKRS.

Lesion Control
Thin-section MRI or CT scan (2.0–3.0 mm thick) was 

available in all 20 patients and imaging demonstrated sig-
nificant reduction in lesion volume (> 75%) in all cases 
(100%); this was generally observed within 6–24 months 
after GKRS (Fig. 1). All patients experienced OVM re-
gression after their first-stage GKRS, and the lesion con-
tinued to shrink during the next 30 months of follow-up 
after the second-stage GKRS. MRI revealed conclusive 
evidence of OVM recurrence in only 1 patient (5%), who 
subsequently underwent repeated single-stage GKRS af-
ter an interval of 48 months. Review of this patient’s medi-
cal records revealed that his OVMs, involving the skin of 
the eyelid and inner canthus, had only received a dose of 
no more than 8 Gy. No resective surgery was needed after 
GKRS in this group of patients.

Toxicity
Three patients experienced transient conjunctival con-

gestion and edema for about 1 week, which responded 
well to steroid treatment. No patient had any signs of tox-
icity in their contralateral eye.

Discussion
Vascular diseases are an important part of orbital pa-

thology. The classification of these abnormalities is dif-
ficult, and several terms are used to describe the same 
histological entity.5,6 The Orbital Society’s hemodynamic 
classification divides vascular malformations into 3 cat-
egories on the basis of flow characteristics: no flow (type 
1), venous flow (type 2), and arterial flow (type 3).5 Type 2 
vascular malformations consist of venous and mixed ve-
nous/lymphatic channels that communicate with the ve-
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FIG. 1. Volume-staged GKRS for OVMs in a 22-year-old man, recurrence after surgical resection 5 years ago. The tumor margin 
dose was 12.0 Gy in the first stage and 11 Gy in the second stage. Note the regression in volume 2 years after GKRS. A: Dose 
plan for first-stage GKRS. B: Dose plan for second-stage GKRS. C: Axial T2-weighted MR images obtained 2 years after second-
stage GKRS.
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nous system. The Orbital Society divides type 2 venous 
flow malformations into 3 subclasses: nondistensible ve-
nous, distensible venous, and distensible combined venous 
and lymphatic malformations. The behavior of nondisten-
sible venous malformations is clinically similar to that of 
type 1 lymphatic malformations, with frequent episodes 
of spontaneous thrombosis and hemorrhage. Doppler and 
contrast imaging show evidence of venous flow. Manage-
ment of lesions with significant venous communication re-
quires significantly greater caution because of the higher 
risk of venous thrombosis and bleeding. Improper treat-
ment may lead to a variety of serious complications and 
risk of relapse. Although the identification and manage-
ment of OVMs is generally performed by an ophthalmol-
ogist, many OVM processes, for instance, lesions within 
the orbital apex or those enveloping the optic apparatus in 
patients with useful VA, require the involvement of other 
specialties. Despite rapid advances in ophthalmic surgery, 
surgery-related complications associated with nerve inju-
ry still haunt the majority of orbital surgeons. The deterio-
ration of symptoms after lesion excision is very common; 
therefore, more and more patients are now likely to prefer 
the least risky option.1,8 A minimally invasive and effec-
tive therapy is needed for such patients with OVMs.

Dose Selection
A number of factors need to be considered for the 

choice of radiosurgical prescription dose, including patho-
logical properties, lesion volume, location relative to the 
optic apparatus, the patient’s visual function, and radio-
sensitivity.2 Since histopathology of venous malforma-
tions reveals abnormal thin-walled veins of varying sizes, 
with stromal tissue distributed between vessels,5 a 12–18 
Gy prescription dose seems to be sufficient. We believe, 
based on our experience, that volume-staged GKRS rep-
resents a remarkable advance in OVM management. In 
the present series, the median prescription peripheral dose 
ranged from 11 to 13.5 Gy. All patients experienced OVM 
shrinkage after the first-stage GKRS, and the lesion con-

tinued to shrink during the next 30 months of follow-up 
after the second-stage GKRS.

Optic Apparatus Tolerance
In view of the fact that OVMs often involve or wrap 

around the optic nerve, the difficulty of treatment is signif-
icantly increased and the lesions are prone to recurrence. 
For patients with good vision function in the affected eye, 
one must consider how to avoid radiation-induced optic 
neuropathy (RION) as well as how to control the OVM. 
Studies on optic nerve radiation damage have shown that a 
single dose of 8–10 Gy is safe, and Leber et al.3 retrospec-
tively studied the relationship between the dose tolerance 
of the visual pathway in front of the lateral geniculate body 
and RION in 50 patients with benign tumors. They found 
that the incidence of RION was 26.7% when the dose to 
the optic nerve was 10–15 Gy, and the incidence increased 
to 77.8% when the dose was ≥ 15 Gy. Mayo et al.4 also 
indicated that the risk of RION appeared to increase with 
a dose of more than 60 Gy at 1.8 Gy/fraction or more than 
12 Gy for a single fraction. Xu et al.9 speculated that the 
optic nerve within the orbit may be able to endure a higher 
radiation dose than the cranial part. In our series, only 2 
patients suffered from deterioration in VA by 4–8 months 
after the second-stage GKRS. The pre-GKRS VA for 
these 2 patients was 0.2, and the OVM volume was 22.7 
cm3 in one case and 31.5 cm3 in the other. We speculate 
that the higher radiation tolerance of the intraorbital optic 
nerve may be related to the attenuation of irradiation dose 
by surrounding soft tissues and bones.

Conclusions
This retrospective investigation indicates that volume-

staged GKRS provides an effective management option 
for OVMs in selected patients, achieving and maintain-
ing excellent visual function. The study adds substantial 
evidence for the use of volume-staged GKRS as a major 
treatment for OVM.
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