
Color Doppler imaging of retrobulbar
hemodynamics in Sturge-Weber
syndrome–associated glaucoma 

D. NEELY, A. HARRIS, B. SIESKY, L. McCRANOR, L. McNULTY, E. HYNES, I. BENZION

Department of Ophthalmology, Indiana University School of Medicine, Indianapolis, IN - USA

INTRODUCTION

Sturge-Weber syndrome (SWS) is a rare congenital
disorder with an estimated incidence of 1 per 50,000
live births, which is characterized by a triad of cuta-
neous facial angioma, leptomeningeal angioma, and
ocular manifestations. Glaucoma, in association with
vascular malformations of the conjunctiva, episclera,
choroid, and retina, is the most frequently observed
ocular complication (1, 2). Prior studies have report-
ed a 42 to 85% incidence of secondary glaucoma in
patients with SWS (3-6). This association is most com-
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PURPOSE. Sturge-Weber syndrome (SWS) is frequently associated with early onset glaucoma in the
eye on the same side as the facial angioma. The exact cause of glaucoma in SWS is poorly under-
stood and difficult to treat. The purpose of this study is to investigate the ocular hemodynamics of
children with SWS-associated glaucoma using color Doppler imaging techniques.
METHODS. This is a prospective study of 10 pediatric patients with unilateral SWS-associated glau-
coma. Color Doppler imaging was used to measure the peak systolic velocity and the end diastolic
velocity of both the ophthalmic and central retinal arteries in the glaucomatous eye compared to
the fellow healthy eye.
RESULTS. Twenty eyes of 10 children with SWS (6 boys) with unilateral glaucoma were included in
the prospective study. The mean age of the 10 participants was 5.5 years. When compared to their
contralateral normal eyes, the glaucomatous eyes had greater CDR (p<0.001) and a myopic shift
(p=0.04). No significant differences were found in the measurements of ocular blood flow veloci-
ties of the ophthalmic and central retinal arteries.
CONCLUSIONS. Vascular pathology has been proposed to play a role in SWS glaucoma etiology. The
authors did not find arterial retrobulbar blood flow differences between the glaucomatous and the
fellow normal eye. Since the primary vascular anomaly in patients with SWS is in the venous plexus,
a bigger prospective trial is warranted in order to better understand and treat children with SWS
glaucoma. (Eur J Ophthalmol 2008; 18: 172-6)
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mon in patients with facial port-wine stain (nevus flam-
meus) involving the periocular skin, particularly the
upper and/or lower eyelids (3-5, 7).
Several mechanisms have been proposed for SWS-
associated glaucoma but none has been proven con-
clusively. These theories include incomplete cleav-
age of the anterior chamber angle (8), increased epis-
cleral venous pressure (4, 9), and premature aging of
the trabecular meshwork (8). Given the known pres-
ence of vascular anomalies involving the eye, partic-
ularly angiomas of the upper eyelid skin, a vascular
etiology would seem the most plausible mechanism.
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To our knowledge, the relationship of retrobulbar he-
modynamics in patients with SWS unilateral glau-
coma between the affected side and the unaffect-
ed contralateral side has not been evaluated. The
purpose of this study is to measure the ocular he-
modynamics of specific blood vessels in the eyes
of patients with SWS. This information might be ben-
eficial in understanding the role of ocular hemody-
namics in such patients.

METHODS 

This was a prospective study of 10 consecutive pe-
diatric patients with unilateral SWS-associated glau-
coma presenting to the Riley Hospital for Children at
Indiana University, Indianapolis. The study was ap-
proved by the Indiana University–Purdue University
Indianapolis and Clarian Health Partners Institution-
al Review Board in accordance with HIPAA guidelines. 

Fig. 1 - Color Doppler imaging measurements of the central retinal
artery in each of ten SWS individuals. Measurements include peak
systolic velocity, end diastolic velocity and resistance index. Each line
denotes an individual from the sample with the glaucomatous eye
represented by a triangle and the control eye by a square. No signifi-
cant differences in any ocular blood flow parameters were found
between glaucomatous and control eyes.

Fig. 2 - Color Doppler imaging measurements of the ophthalmic
artery in each of ten SWS individuals. Measurements include peak
systolic velocity, end diastolic velocity and resistance index. Each line
denotes an individual from the sample with the glaucomatous eye
represented by a triangle and the control eye by a square. No signifi-
cant differences in any ocular blood flow parameters were found.
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The SWS glaucoma diagnosis was made based on
the characteristic neurocutaneous morphology
along with elevated intraocular pressure (IOP), en-
largement of the cup to disk ratio (CDR), and evi-
dence of previous glaucoma medication or surgery.
IOP was measured with the Tono-Pen (Mentor). Bi-
lateral cases were excluded from the study. At the
examination date, the following variables were
recorded: age, gender, neurologic involvement, lat-
erality, the refractive error, the presence of
choroidal angioma, IOP, and visual acuity (VA) in both
eyes. With the patient in the supine position, the
same experienced examiner performed color
Doppler imaging (CDI) measurements of both eyes.
A Siemens Quantum 2000 CDI system (Siemens Quan-
tum, Issaquah, WA) with a 7.5 MHz linear probe was
utilized. This technique has been described in de-
tail previously (10, 11). In brief, samples of pulsed-
Doppler signal from within a 0.2 x 0.2 mm sample
area were analyzed to calculate blood velocities in
the specific retrobulbar vasculature. Blood flow ve-
locities and resistive indices were measured in the
ophthalmic (OA) and central retinal (CRA) arteries.
In each vessel, peak systolic velocity (PSV) and end
diastolic velocity (EDV) were determined, and
Pourcelot’s resistance index was calculated by (RI)

= (PSV – EDV)/PSV. Examination of the short pos-
terior ciliary arteries was not included in this study
as they are extremely hard to image in young chil-
dren. It would also require them to remain still for
an extended period which would not be a realistic
expectation in this study group. 
A two-sided, paired t-test was used to compare the
CDI measurements of the glaucomatous eye to the
control eye. A paired t-test was also used to compare
the characteristics of the glaucomatous and the con-
trol eye. A 95% confidence interval was estimated for
the mean of the difference between the glaucoma-
tous eye and the control eye. Summary data are pre-
sented as mean (standard deviation). A p value of <0.05
was considered statistically significant.

RESULTS

Twenty eyes of 10 children with SWS (6 boys) with
unilateral glaucoma were included in the prospective
study. The mean age of the 10 participants was 5.5
years (SD 4.9; range 0.5, 17.3). Five patients had glau-
coma in their right eye and five in their left. The sub-
ject characteristics (IOP, laterality, CDR, refraction,
and logMar VA) are listed in Table I. When compared

TABLE I - CHARACTERISTICS OF GLAUCOMATOUS AND CONTROL EYES

Glaucoma Control Difference 95% CI p Value

IOP, mm Hg 20.8 (6.8) 16.8 (4.1) 4.0 –1.4, 9.4 0.128
LogMAR VA, n=7 0.20 (0.20) 0.07 (0.11) 0.13 –0.04, 0.29 0.108
CDR, n=9 0.42 (0.17) 0.19 (0.11) 0.23 0.15, 0.30 <0.001
Refraction, diopters 0.33 (1.91) 1.89 (2.61) –1.56 –3.05, –0.06 0.043

IOP = Intraocular pressure; VA = Visual acuity; CDR = Cup to disk ratio 

TABLE II - COLOR DOPPLER IMAGING MEASURES

Glaucoma Control Difference 95% CI p Value

CRA-PSV, n=9 7.5 (2.0) 7.9 (2.5) –0.4 –2.0, 1.2 0.574
CRA-EDV, n=9 1.8 (0.9) 2.4 (1.1) –0.6 –1.2, 0.1 0.07
CRA-RI, n=9 0.75 (0.10) 0.71 (0.06) 0.04 –0.04, 0.13 0.288
OA-PSV 24.2 (11.9) 24.7 (11.3) –0.5 –10.3, 9.2 0.902
OA-EDV 6.6 (4.5) 8.5 (7.7) –1.9 –8.2, 4.4 0.514
OA-RI 0.76 (0.10) 0.70 (0.15) 0.06 –0.06, 0.18 0.316

CRA = Central retinal artery; PSV = Peak systolic velocity; EDV = End diastolic velocity; RI = Pourcelot’s resistance index; OA = Ophthalmic artery



Neely et al

175

to their contralateral normal eyes, the glaucomatous
eyes had greater CDR (p<0.001) and a myopic shift
(p=0.04). The differences in IOP (p=0.12) and decreased
VA (p=0.108) between the glaucomatous eye and the
fellow eye did not reach statistical significance.
No significant differences were found in the measurements
of ocular blood flow (OBF) velocities of the OA and
CRA. Table II presents the CDI blood flow measure-
ments. Figures 1 and 2 show the CDI-CRA and CDI-
OA graphic plots, respectively. Each line represents
an individual subject and shows the CDI values for
the glaucomatous (Δ) and control eye ( ).
Nine of the 10 children were receiving antiglaucoma
medications. Four were using Cosopt®, two Betop-
tic® 0.25, two Timoptic XE®, and one was on the com-
bination of Cosopt® and Lumigan®. Due to the vari-
ety of medication classes there was no drug effect
reported on any of the vessels measured. 

DISCUSSION 

Ocular disease in SWS manifests as glaucoma and vas-
cular malformations of the conjunctiva, episclera,
choroid, and retina, with unilateral glaucoma being the
most common ophthalmic complication (12, 13). Be-
cause medical treatment frequently fails to control IOP
in SWS-associated glaucoma (12, 14, 15), surgical in-
tervention is often required. Complications such as ex-
pulsive choroidal hemorrhage and choroidal effusion
make surgical correction difficult and might be attrib-
uted to the fragility of choroidal vessels in SWS with or
without presence of a choroidal hemangioma (16).
The exact mechanism of glaucoma in patients with SWS
remains unclear. It has, however, been suggested that
anterior chamber dysgenesis (8), elevated episcleral ve-
nous pressure (4, 9), and premature aging of the trabecular
network (8) are involved. Clinical studies have demon-
strated that certain patients with open angle glaucoma
have reduced OBF, which may be of primary vascular
origin or secondary to IOP elevation (17, 18). Ischemia
and apoptosis are considered to be involved in the patho-
physiology of glaucomatous optic neuropathy.
Vascular abnormalities in SWS are well documented.
The proposed underlying pathogenesis of SWS is fail-
ure of the embryonal vascular plexus to regress dur-
ing the ninth week of gestation, resulting in angiomatosis
of related tissues (2). The hallmark intracranial vas-

cular anomaly is leptomeningeal angiomatosis, most-
ly involving the occipital and posterior parietal lobes
(1). Clinical neurological findings associated with SWS
include seizures, transient strokelike neurologic
deficits, behavioral problems, and headaches (1). Pa-
tients with SWS demonstrate an abnormality of the
cerebral venous system: few superficial cortical
veins, enlargement of the deep medullary veins and
choroid plexus (19). Calcifications in meningeal arteries
and cortical veins are also common, and the laminar
cortical necrosis that occasionally accompanies
these calcifications suggests ischemic damage due
to leptomeningeal venous stasis (1).
SWS angioma is a slow flow lesion with venous stasis
(20). Studies suggest that complex molecular interac-
tions contribute to the abnormal development and func-
tion of blood vessels in SWS and propose that the neu-
rologic deterioration is likely secondary to impaired blood
flow to the brain and is worsened by the presence of
seizures (21). Transcranial Doppler flow velocities of the
middle cerebral artery performed on three infants with
SWS demonstrated reduced flow velocities in the af-
fected hemisphere when compared to the normal con-
tralateral side. This impairment of flow velocity wors-
ened during clinical seizure activity (22).
CDI of the retrobulbar vasculature has proven to be a
useful, reliable, and repeatable tool in several ophthal-
mologic diseases (11, 23, 24). Various studies using CDI
readings comparing glaucoma patients with controls
have demonstrated reduced OBF velocities in the OA,
CRA, and posterior ciliary arteries (PCA) (25-27).
We did not find any significant differences in the mea-
surements of blood flow velocities of the OA and the
CRA in the affected glaucomatous eye compared with
the fellow eye. Our data suggest that either 1) the he-
modynamic changes seen in SWS are confined to the
cerebral and not the ocular circulation or 2) the vas-
cular differences are not measured in the retrobulbar
circulation but rather may be relevant to the retina or
choroid. Another possibility is that the vascular
pathology is confined to the retrobulbar venous sys-
tem, which was not evaluated in this study. Future
studies utilizing Heidelberg retinal tomography of the
retinal vasculature and fluorescein angiography
might address these issues.
Our study has several limitations including its small
sample size, lack of CDI measurements for the pos-
terior ciliary arteries and the retrobulbar venous sys-
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tem, and inability to exclude patients from the study
who have undergone previous glaucoma surgeries. A
bigger prospective trial is warranted in order to bet-
ter understand and treat SWS glaucoma.
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