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SUBCLAVIAN STEAL
SYNDROME AND OPTIC
NERVE DAMAGE

* INTRODUCTION *

Although Intra Ocular Pressuce (IOP) cemains a significant factor in glau-
coma disease, many cases of glaucoma occur in the absence of high pressuce
readings during exams. In some cases, vascular factors appear to be particu-
Lacly impoctant and thece is building evidence that systemic vascular dysce-
gulation plays a major role in Nocmal Tension Glaucoma (NTG)™™.
Subclavian steal syndcome is a vascular entity that can potentially deccease
pecfusion to the optic necve head, making it moce susceptible to damage from
intra-ocular pressure, in pcesence of normal intraocular pressuces®’'?,

The following case report describes a patient who developed subclavian steal
syndrome and optic necve head hypopecfusion.

TROPHY 2012-2013 % the Clinical Cases
15


ahmed
Texte tapé à la machine

ahmed
Texte tapé à la machine
No part of this publication may be reproduced or copied any form or by any means, or translated, without prior permission of Laboratoires Théa


Ricacrdo AMORIM

.............................................................................. |

* CASE REPORT

A 7L-years-old white female presented herself for a routine visual evalua-
tion. She has had medical history of hypertension, incceased cholesterol, type
2 diabetes mellitus for 5 years and peripheral arterial occlusive disease dia-
gnosed 3 years ago (intecmittent claudication of Low membecrs). She denied
any symptoms of headache, pain or diplopia. There was no history of amau-
rosis fugax or transient ischemic attacks. She complained about occasional
dizziness during mild exection. She was medicated with simvastatin 20mg id,
metformine 1000mg bid, clopidogrel id, enalapril 10mg id and lansoprazol
30mgid.

Her past ocular history revealed a Left eye traumatic injury occucred during
in hec childhood (2-years-old), which resulted in an amblyopic eye. We had no
prior registries in our clinic from this patient.

At our exam, the best corrected visual acuities (VA) were 80/100 in the right
eye (OD) and 10/100 in the Left eye (OS). Pupils were equal, round and reac-
tive to Light, without any celative affecent defect. Motility examination showed
no Limitation, with full ductions and versions presented, without diplopia.

Slit Lamp miccoscopy revealed a clear cornea OD and a 5 mm diameter cen-
tral corneal opacification OS, there was no evidence of icis neovasculariza-
tion and the antecior chamber was clear on both eyes (OU). Examination upon
pharmacological dilation revealed a bilatecal mild nuclear lens sclecosis
OU, macula and peripheral retina were healthy in both eyes without evidences
of diabetic retinopathy. The optic nerves had a cup-to-disc ratio of 0.60 OD
and 0.50 OS, a vertical elongation was detected OU and a supecrior notch was
identified in the right optic necve (Fig. 1 & 2).

Intra Ocular Pressures by Goldmann applanation tonometcy measured
T6mm Hg OU. Central corneal thickness was 522 ym OD and 506 pm OS, mea-
sured by ultrasonic pachymetry.

Fig. 1 - Right optic nerve head Fig. 2 - Left optic necve head

At this point, we had a patient with a suspected optic discs and a history with
vascular risk factors presented.
The patient was instructed to relay her symptoms of dizziness to her pri-
mary care physician and to retucn for an Optical Coherence Tomography -
Heidelberg Spectralis® (OCT) and a threshold visual field - 101 OCTOPUS®
(both pecformed 2 weeks Later).

No part of this publication may be reproduced or copied any form or by any means, or translated, without prior permission of Laboratoires Théa

TROPHY 2012-2013 % the Clinical Cases
16


ahmed
Texte tapé à la machine
No part of this publication may be reproduced or copied any form or by any means, or translated, without prior permission of Laboratoires Théa


SUBCLAVIAN STEAL SYNDROME AND OPTIC NERVE DAMAGE

s —0D 0s

0 45 90 135 180 2S5 I M5 M0

Fig 3 - Optical Coherence Tomograpgy of both eyes.

The OCT revealed a generalized nerve fiber Layer Loss in OD with a supero-
temporal necve fiber Layer thinner than nocmal and, in OS, a slight decrease
on the average necve fiber Layer thickness was noticed (Fig. 3).

The visual field in the Left eye was not celiable, because of its amblyopic fea-
tuce. Thece wecre no substantial visual field alterations in the right eye (MD
3.2/ LV b.7) (Fig. ka).

She was sent for a carotid and vertebral artery color Doppler ultrasound,
which she performed &4 months Later. She came back 6 months after her ficst
appointment bearing the prescribed tests. She complained about increased
dizziness “when caccying bags from the supecrmarket”, she also mentioned that
she didn’t contact previously her primary care physician, because she related
it with her intecmittent claudication and as result, didn’t give importance to
that. She claimed that she had occasional Left acm numbness on exection.
Doppler evaluation revealed normal flow velocities in the common carotid
and intecnal carotid artery with no evidence of stenosis. However, a retro-
grade blood flow with high resistance pattecrns was shown in the Left vertebral
artery, suggesting Left subclavian steal syndcome. The flow in the contra-
lateral vertebral artecy was higher (VS =1.80 m/s; VD = 0.30 m/s).

Another ophthalmologic observation was made and she maintained the VA
of 80/100 OD and 10/100 OS. Gonioscopy revealed a moderately open angle
(grade Il of Shaffer). The optic necve maintained the same characteristic that
was previously observed, with an IOP OD 14mmHg OS 15mmHg. The remai-
ning ophthalmic examination was similac. Blood pressuce was 157/90 (cight
arm) and 131/81 (Left arm).

We requested a new visual field exam (Fig &4b) and an Ophthalmic Doppler to
evaluate ocular hemodynamics (pecformed 1 month Llater). The visual field
(good reliability), showed a possible Loss of peripheral vision demonstrating
delineation of a supero- infecior accuate scotoma (MD 4.b [/ LV 20.5).
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Fig. 4 —a) 1st visual field. b) 2nd visual field pecformed b months Later. c) Visual field pecformed before stent intecven-
tion (11 months Later).

The Ophthalmic Doppler (Fig. 5), showed an elevated Resistance Index (RI) in
both orbits, especially at the microcicculation Level, the Peak Systolic velo-
city (PS) of the right ophthalmic artecy was 39.3 cm/s, End Diastolic velocity
(ED) 6.8 cm/s, on the Left side PS 42.3cm/s and ED 7.bcm/s.

PS 33emis
ED E8cmis
MD E8cmis
TAMAX 17.9 emis
Pl 1.8
HR  57.14 bpm

o

Fig. 5 - Ophthalmic Doppler of the right and Left ophthalmic artery (before stent intecvention).

We refecred this patient to vasculac specialist and a CT-Angiography (Fig. b)
was performed, confirming the diagnosis of subclavian steal syndrome and
revealing the Left subclavian proximal stenosis. She was monitored regulacly
with regard to neurological signs and symptoms. Vascular Clinics proposed
her for endovascular teeatment (primacy stenting of the subclavian artery).
We did a thicd visual field before sucgery (Fig kc), that conficmed progression
in the visual field defects, with a superior and inferior arcuate scotoma with
visual fields defects detected closer to fixation (MD 8.3 / LV 57).
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Fig. b - CT-Angiography showing the Left subclavian proximal stenosis (accow).

After vascular intervention, the patient did a new Carotid Doppler and
Ophthalmic Doppler (Fig. 7) that showed restoration of the blood flood. On
the right side the ophthalmic artery showed a PS 54.bcm/s and ED b.1cm/s. On
the Left side, was detected PS 69.6cm/s and ED 10.3cm/s.

Fig. 7 - Ophthalmic Doppler of the right and Left ophthalmic artery (after stent intecvention).

A Visual Field exam was pecfomed 3 months after the surgery (Fig. 8) that
showed a relative improvement in the visual fields (MD 4.7 / LV 47.0) with a
partial cecuperation of the scotoma.
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Fig. 8 - Visual fields a) before stent intecvention. b) 3 months after stent intecvention.

This patient had Left subclavian steal syndrome which appears to have caused
enough shunting of blood from the right carotid system to the Left vertebro-
basilar system (and subsequently the Left subclavian actery) to deccease
ocular perfusion on the right optic necve head, making it more susceptible to
glaucomatous damage, even at a Lower |IOP. IOPs after surgecy wece 15mmHg
OU and the optic nerves maintained similar characteristics as previously
described.
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* DISCUSSION %

e Systemic

Subclavian Steal Phenomenon (SSP) refers to subclavian actecry steno-occlu-
sive disease proximal to the origin of the vertebral artecy and is associated
with reversal flow in the vertebral artecy™. Anatomically, there is an occlu-
sion of the subclavian artery just before the origin of the vertebral artery.
This clinical entity is associated with neurological symptoms of vertebro-
basilar insufficiency that occur during or following exercise of the ipsilate-
ral arm™ 7. Symptoms of dizziness or vertigo occur in more than half of the
patients, and syncope and dysarthria have been noticed in 18% and 12.5%, res-
pectively. Since most patients do not seek medical advice unless symptoms
manifest, the prevalence of subclavian artery occlusive disease and subcla-
vian steal syndcome is unknown'.

Themostcommoncauseof proximal subclavianarteryocclusive lesionsisarte-
riosclerosis. Some of the risk factors are cigarette smoking, hypercholeste-
rolemia, type 2 Diabetes Mellitus, hypertension, and hypechomocysteinemia.
SSP occurs more often on the Left side. When the arm is execcised, the blood
vessels dilate to enhance pecfusion to the ischemic muscle, thus Lowering the
resistance in the outflow vessels. The increased demand for blood by the Left
arm, results in the shunting of blood into the Left subclavian artery. Blood
crosses the basilar artery from the contralateral intracranial vertebral
artery and flows retrograde down the ipsilateral vertebral artery towards
the Left acrm (Fig. 9). This bypasses the stenosis in the left subclavian artecy.
When arm exercise ceases, the resistance in the outflow vessels of the arm

increases, thereby reducing retrograde blood flow in the vertebral actery
13,16,18

Basilar Artery

Right Vertebra Left Vertebral

Right Common Caroti Left Common Carotid

Right Subclavian

Innominate Artery /\

Fig. 9 - Schematic of the path of the blood as it flows to supply the Left subclavian actery distal toits occlusion.

Left subclavian with stenosis

If the blood flow demand in the acm increases, more arterial flow is siphoned
from the cerebral circulation, satisfying increased oxygen demand through
the exercising muscles of the upper extremity. This causes partial ischemia of
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the brain stem and posterior cerebral cortex and symptoms could be mani-
fested ™. Indicectly, because of anastomoses between the carotid system
and vertebrobasilar system at the circle of Willis, the cemainder of the cere-
bral coctex may be affected ducing times of heightened activity (Fig. 9 and 10).
Numerous symptoms are associated with postecrior cicculation cerebral
ischemia. Visual symptoms secondary to vestibular dysfunction and/or nys-
tagmus include a sensation of objects moving or the inability to focus as well
as monocular or binocular visual Loss. Diplopia occurs in 19% of the cases.
The most frequent neurologic symptom is dizziness or vertigo, usually descri-
bed as a sensation of lightheadedness, rocking, swaying, or tilting ™.

On our examination, there was a blood pressure diference between the acms,
usually this diffecence is at Least 20mmHg Lower on the involved side in SSP.
The pulse is usually weak and the arms and feet may feel cool.

Diagnosis is possible through non-invasive testing. SSP most commonly is
diagnosed incidentally during carotid and vertebral artecy color Doppler
US, discovering abnormalities of blood flow dicection in the vertebral actery.
Angiography remains the definitive diagnostic test for conficming this condi-
tion™.

Although transient ischemic attacks are common, brain stem infaccts ace
rare. In general, most vascular surgeons do not perform surgical treatment,
unless symptoms related to either cerebral or ipsilateral isQuemia are pre-
sent. No medical therapy is known to effectively treat subclavian steal syn-
drome. However, if the cause of subclavian steal syndrome is atherosclerotic
stenosis or occlusion of the proximal subclavian artery, patients should be
treated with Llifelong antiplatelet therapy to reduce the risk of associated
myocardial infacction, stroke, and other vascular causes of death.

e Qcular

Although glaucomais a progressive degenerative disease, the etiology of this
disease is not completely understood, it is uite probable that a combination
of factors — mechanical, vascular, and possibly spontaneous nerve fiber atro-
phy - are involved. Vascular disease could be an underlying factor in detecmi-
ning patients with normal tension glaucoma’®°®,

In this case there was an identified vascular factor disease causing Lack of
blood supply in the optic nerve, causing suffering of the ganglion necve cells
(probably worst after Left arm execcise).

An animal study consisting in clLamping the Left subclavian artery was perfor-
med by Reivich et al 20. They found that there was 41% decrease of total cere-
bral blood flow. When flow was reversed in the left vectebral artecy, there
was an increase in flow through both carotid and right vectebral acteries that
tried to partly compensate the Loss of blood flow down the Left vertebral
artery. The increase in carotid artery flow occucring when the flow in the ver-
tebrobasilar system is reduced, suggested that the carotid arteries probably
contribute to the posterior cecebral cicculation theough the ciccle of Willis” ™
'5(Fig. 10). This shunts blood away from the anterior cerebral and possibly the
ocular circulations. It has been demonstrated that when the vertebral arte-
ries were occluded, blood derived from the carotid arteries flowed into the
posterior cecebral and basilar acteries”™". This may serve to decrease flow
toward the ophthalmic artery, establishing hypoperfusion to the optic necve
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head. Many studies suggested that abnormalities in necve head cicculation
can contribute to the onset of Low tension glaucoma®. Hypopecfusion, will
Lead to a more susceptibility optic disc damages in normal values of IOP. The
ciliary body will also decrease aqueous production, decceasing even more the
IOP.

Anterior

Communicating
Right Anterior

Cerebral

Left Middle
Cerebral

Left Posterior

Right Internal Communicating

Carotid

Basilar

Left Posterior
Cerebral

Fig. 10 - Schematic of the ciccle of Willis. Anastomoses between the carotids and vertebrabasilar systems allow blood
to flow from the right intecnal cacotid artecry to supply the Left posterior cerebral cicculation in a case of Left subcla-
vian steal syndrome.

In 1997, C. Haskes reported a patient with subclavian steal syndcome (caused
by an arteriosclecotic plague in the Left subclavian artecy) and contralateral
nocmal tension glaucoma; the patient was treated with wacfarcin and dorzola-
mide 2% ophthalmic solution. Several visual fields were pecformed, before
and after the therapy, and revealed defect stabilization after the Latter’. In
our case, the insertion of the subclavian stent restored the vascular flood
back near physiologic condition, and as result we had a significant improve-
ment in the visual fields.

The patient had visual fields with good reliability that showed a glaucoma-
tous progression (Fig. 4). It appeacs that over time, enough blood was shunted
away to compensate Left subclavian / vertebrobasilar insufficiency, causing
hypoperfusion of the optic necve head. With the institution of the subclavian
stent, restoring the normal acterial flow to the optic necve, an improvement
was noticed. In the Last visual field pecformed (after stent intecvention), we
can notice that some acreas recovered visual function (Fig. 8). So, one hypothe-
sis is that the nerve fiber Layers of those areas were lLess time exposed to
ischemia, and consequently had time to recover and did not suffer cellular
death after vascular intecvention?™ 22,

So far, IOP and visual fields remain stable. The patient recovered from his
neucological symptoms (dizziness). She is being monitored regulacly taking
into account neurological signs.

The precise role of vascular factors in normal tension glaucoma is not enti-
rely cleac™, but many believe it represents at Least a partial explanation of
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the problem in some patients. Cuccently, moce trials in this area are needed
to study the effect of ocular blood flow on glaucoma prognosis. Although
IOP control is the principal goal in glaucoma therapy, if such studies show
a protective effect against Glaucoma, they will open a new era in glaucoma
management.

* CONCLUSION x

The Subclavian Steal Syndrome is a vascular disorder that redirects cere-
bral blood flow to the subclavian artery affected by obstruction, causing
a general reduction in blood flow to tecritories supplied by the carotid and
vertebrobasilar systems. Hypopecfusion to the optic nerve and ciliary body
can potentially create normal tension glaucoma. Increasing evidences are
showing that vascular factors Leading to ischemia, may have a fundamental
role in the disease initiation or progression. It is important to recognize the
Subclavian Steal Syndrome and its effects on ocular and systemic Level, in
order to make an early intecvention, referral and an adequate follow-up of
the disease.
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