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Non-arteritic anterior ischemic optic neuropathy (NA-
AION) is a common, visually disabling disease. However,
its pathogenesis and management have been highly contro-
versial. There is a common belief that NA-AION and cere-
bral ischemic stroke are similar in nature pathogenetically
and in management. For example, ophthalmologists and
neurologists routinely tend to prescribe aspirin to NA-
AION patients with the rationale that NA-AION, like stroke,
is a thromboembolic disorder and aspirin helps thromboem-
bolic disorders. NA-AION patients who come to consult me
usually tell me that their neuro-ophthalmologists and neu-
rologists have stated that NA-AION and cerebral ischemic
stroke are similar in nature. This concept has resulted in
major controversy on the pathogenesis and management of
NA-AION. The evidence shows, however, that NA-AION is
pathogenetically a totally different clinical entity from cerebral
ischemic stroke.

It is well-established that cerebral ischemic stroke is a
thromboembolic disorder in most cases. In a smaller number
of cases, cerebral ischemic stroke can also be due to hypo-
perfusion and watershed infarcts when blood pressure drops to
a critical level. My studies have shown that NA-AION, unlike
most cases of cerebral ischemic stroke, is NOT a thromboem-
bolic disorder, except very rarely [1-3]. Fluorescein fundus
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angiography provides the crucial information about this, as is
evident from the following.

The optic nerve head (ONH) is supplied by the posterior
ciliary artery [4, 5]. First and foremost, if NA-AION were a
thromboembolic disorder, fluorescein fundus angiography
during the early stages of the onset of visual loss would
invariably show evidence of complete occlusion of the
posterior ciliary artery, with no filling of the ONH and the
choroid. For example, in arteritic AION, due to giant cell
arteritis, where there is complete occlusion of the posterior
ciliary artery due to thrombosis [6—8], the ONH and choroid
do not fill at all, as shown in Fig. 1. In sharp contrast to that,
in my angiographic studies of more than 1,000 eyes with
acute, classical NA-AION, no such occlusion was ever seen
(except in a rare case when NA-AION was due to embolism
to the posterior ciliary artery). Angiography soon after the
onset of NA-AION may show only a transient hypoperfu-
sion or non-perfusion of the peripapillary choroid and/or
choroidal watershed zones, but these areas eventually fill
with fluorescein during angiography, indicating no arterial
occlusion and that NA-AION is not a thromboembolic
occlusive disorder, as shown in Fig. 2. Fluorescein fundus
angiography in Fig. 2 was performed during the day when
the patient’s blood pressure was normal, yet it still revealed
a transient filling defect in the peripapillary choroid and
watershed zone. My 24-hour ambulatory blood pressure
monitoring studies in more than 700 patients have shown
that in all normal persons, daytime blood pressure is in the
normal range, but nevertheless there is always a variable
degree of fall in blood pressure during sleep (see Figs. 3, 4).
In the eye in Fig. 2, it is hypothesized that prolonged non-
filling of the peripapillary choroid (main source of blood
supply to the ONH) and the watershed zone surrounding the
ONH during sleep, due to a fall of blood pressure, must have
reduced blood flow to the ONH maximally, resulting in
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Fig. 1 Fluorescein fundus angiogram of right eye with arteritic AION,
showing no filling of the nasal choroid and nasal % of the optic nerve
head, due to complete occlusion of the medial posterior ciliary artery.
Reproduced from: Hayreh SS (1985) [7]

reduced perfusion pressure in the capillaries of the ONH
below the critical autoregulatory range during sleep; that
would result in transient ischemia of the ONH and develop-
ment of NA-AION.

The severity of ONH ischemic damage depends upon the
severity and the duration of ischemia, and this largely
impacts the extent of recovery of visual function following
the acute episode. For example, in arteritic AION there is
thrombotic occlusion of the posterior ciliary artery and
massive ischemic damage of the ONH and visual loss, with
practically no visual improvement [9]. In NA-AION, by
contrast, because there is only transient nonperfusion or
hypoperfusion of the ONH circulation during sleep, ONH
damage is usually much less severe and less extensive than
in A-AION. Because of that reason, two large studies [10,
11] have shown that 41-43 % of NA-AION eyes show
spontaneous visual improvement.

Thus, my fluorescein fundus angiographic study during
the acute stage of NA-AION (Fig. 2), and the spontaneous
visual improvement in 41-43 % [10, 11] in NA-AION both

indicate that NA-AION is not a thromboembolic disorder.
Naturally the question arises: what then is the mechanism of
development of NA-AION? I have investigated the patho-
genesis of NA-AION by basic, experimental, and clinical
studies (in more than 1,000 NA-AION patients) [3].

Pathogenesis of NA-AION

I have discussed this previously [1, 2, 12], and at great
length recently [3]. NA-AION is a multifactorial disease,
i.e., a combination of many risk factors play a role in its
development. The various risk factors can be divided into
two types:

1. Predisposing risk factors: These make a person suscep-
tible to develop NA-AION, but are not per se likely to
produce it. These risk factors may be systemic or ocular.

(a) Systemic risk factors: These include diabetes mel-
litus [13], arterial hypotension, arterial hypertension,
blood loss, sleep apnea, ischemic heart disease and
other cardiovascular disorders, migraine, atheroscle-
rosis, Type A personality, etc.

Studies have shown an association between sleep
apnea and NA-AION [14-20]. Other studies indi-
cate that there is an increase in sympathetic activity
during sleep in patients with sleep apnea, even
though these patients already have very high levels
of sympathetic activity when awake (P<0.001) [21].
Peak sympathetic activity (measured over the last 10
seconds of each apneic event) increased to 299+
96 % during stage II sleep and to 246+36 % during
REM sleep (both P<0.001) [21]. It is well-
established that sympathetic activity causes vaso-
constriction. That can work in two ways to pro-
duce NA-AION: (i) by causing vasoconstriction
of vessels in the optic nerve head, which results in
reduced blood supply, and (ii) more importantly,

Fig. 2 Fluorescein angiograms of left eye 12 days after development
of NA-AION[3]. a Angiogram 15 seconds after the injection of fluo-
rescein shows no filling of the temporal, superior, and inferior peripa-
pillary choroid (main source of blood supply to the ONH), superior
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choroidal watershed zone (arrow), and the optic disc, with normal
filling of both the medial and lateral posterior ciliary arteries. b
Angiogram 6 seconds after a shows complete filling of the peripapil-
lary choroid, the watershed zone, and upper part of the disc
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Fig. 3 Twenty-four-hour ambu- a
latory blood pressure recording

. . . . 160
in a patient taking Verapamil 140
(a calcium channel blocker). a 120
When on 160 mg morning and 100
bedtime and 80 mg at noon, a0
during sleep systolic blood pres- ig
sure dropped from 135 mg/Hg to 20
80 mg/Hg and diastolic from

70 mm/Hg to about 35 mmHg.
b On stopping the bedtime dose,
nocturnal hypotension

improved markedly

(o3

Blood Press

K ik
Iyt RN ]
2 "u:u,-" (AR T m" "

20 22 O 2 4 6
Time ¢hour)

vasoconstriction of the terminal arterioles produ-
ces two paradoxical effects, which most people
are unaware of — on the one hand, it results in a
rise of blood pressure proximal to the constricted
terminal arterioles because of increased vascular
resistance (development of arterial hypertension
that has been shown in patients with sleep apnea
[21]), and on the other hand, constriction of ter-
minal arterioles results in marked reduction of the
blood pressure and flow in the capillaries distal to
them. Thus, in patients with sleep apnea, during
sleep the blood supply in the optic nerve head is
deranged by two mechanisms: (a) vasoconstric-
tion of the vessels in the optic nerve head, and
(b) fall of blood pressure in its capillaries caused
by constriction of the terminal arterioles. That
results in development of NA-AION. A similar
mechanism may be operating in patients with Type
A personality who develop NA-AION, because they

(b)

experience increased levels of plasma catechol-
amines under stress [22, 23]

Ocular risk factors: These include poor ONH
blood supply, posterior ciliary artery disease, loca-
tion of the watershed zone of the posterior ciliary
artery watershed zone in relation to the ONH [24],
defective autoregulation and other factors that in-
fluence the blood flow in the ONH [25], absent or
small optic disc cup, vasospasm, raised intraocu-
lar pressure, chronic optic disc edema, optic disc
drusen, etc.

2. Precipitating risk factor(s): Our studies have shown that
the time of a patient’s first discovery of visual loss in
NA-AION is a critical piece of information, because it
provides an important clue about its pathogenesis [26].
In our prospective study [26] of 925 episodes of NA-
AION, 73 % of patients gave a history, when specifi-
cally asked, of discovering their visual loss on awaken-
ing in the morning or from a nap, or at the first

Ambulatory Blood Pressure Data

Blood Pressure (mmHg?>

Fig. 4 Twenty-four-hour ambulatory blood pressure recording in a
patient who developed NA-AION first in one eye and later on in the

second eye. This patient was not on any medication, and y:

marked nocturnal arterial hypotension, with drop of systolic blood
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Time chour)
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during sleep, and diastolic blood pressure from about 80 mmHg during
the day to about 50 mmHg during sleep. Reproduced from: Hayreh et
al. (1999) Role of nocturnal arterial hypotension in optic nerve head
ischemic disorders. Ophthalmologica 213:76-96

et showed

pressure from 140 mmHg during the day to as low as 90 mm Hg
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opportunity in the day to use their vision critically. The
incidence may actually be much higher than 73 % be-
cause other patients, who first became aware of their
visual loss later in the day, could not be certain when it
had first occurred nor could they rule out the possibility
that it had been there since awakening.

The argument put forward, by persons who doubt the
role of nocturnal arterial hypotension in NA-AION and
NA-AION as a hypotensive disorder, is that in the
prospective NA-AION Multicenter Decompression Tri-
al Study [10] only 42 % of the 418 patients reported the
onset of visual loss within 2 hours of awakening. This is
in sharp contrast to the above findings of our prospec-
tive study [26]. The findings of these two prospective
studies do conflict, and that has resulted in controversy
on the important concept of the hypotensive nature of
NA-AION, discussed below. But study design deter-
mines the quality of the data, whether it is a prospective
study or not. The accuracy of this historical information
can be largely influenced by: (i) the expertise of the
person asking the questions, and (ii) the manner in
which a patient is asked about when their visual loss
was first noticed and the circumstances of how they
became aware of it. In our study [26], I collected the
historical information from each patient with NA-AION
myself, and learned over time that the accuracy of a
patient’s recall depends upon non-suggestive, unbiased,
yet thorough questioning. Often the patient needs to be
made aware of the importance of their recollection of
their discovery of visual loss. In the NA-AION Multi-
center Decompression study [10], historical information
was collected by many individuals at different study
sites, by necessity, and may not be as rigorous as in
my study. It is more challenging in such studies to
collect such historical information methodically and
uniformly enough to estimate the true proportion of
patients whose visual loss occurred soon after awaken-
ing. Estimates of visual loss on awakening in patients
with NA-AION can be largely underestimated if based
on primarily what the patients volunteer, rather than the
answers to specific, directed questioning. Moreover, the
criterion used in that study of onset of visual loss
occurring within 2 hours of awakening was not valid,
because it all depends upon when the patients first tried
to use their vision critically during the day. I think that
explains the important discrepancy between our study
[26] and that of the NA-AION Multicenter Decompres-
sion Trial Study [10].

The next question is: what can happen during sleep
which can play a significant role in the development of
NA-AION? We [27] performed 24-hour ambulatory
blood pressure monitoring in patients with NA-
AION. That study showed that patients with arterial
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hypertension taking oral hypotensive therapy have a
significant association between progressive visual field
deterioration in NA-AION and nocturnal arterial hypo-
tension [27]. This was because those patients with visual
field progression had a mean minimum night-time systol-
ic blood pressure significantly lower (P=0.0185) than
those without visual field deterioration. In addition,
patients with NA-AION had a significantly larger mean
decrease (P=0.0011) and a mean percentage decrease
(P=0.0012) in systolic blood pressure, and mean decrease
(P=0.0079) and mean percentage decrease (P=0.0315) in
diastolic blood pressure during hours of sleep. This indi-
cates that oral hypotensive therapy in hypertensives in
such cases produced nocturnal arterial hypotension.

The fall of blood pressure during sleep is a physiolog-
ical phenomenon. My 24-hour ambulatory blood pressure
monitoring studies in more than 700 patients have shown
that arterial hypotensive drugs taken at bedtime cause a
far more marked degree of nocturnal arterial hypotension
than when taken in the morning, because they aggravate
the natural fall of blood pressure during sleep, as shown in
Fig. 3. Some patients, however, develop marked noctur-
nal hypotension even without any medication, as seen in
Fig. 4 (presumably due to defective cardiovascular autor-
egulation). Nocturnal hypotension may trigger the devel-
opment of NA-AION in persons with other predisposing
risk factors (mentioned above). For example, I have seen
patients who developed NA-AION soon after starting to
take terazosin hydrochloride (for benign prostatic hyper-
trophy) or other hypotensive drugs, including medications
for erectile dysfunction [28] at bedtime.

What role does nocturnal arterial hypotension play in
the development of NA-AION? As fully discussed else-
where [1-3, 12] and mentioned above, NA-AION is a
multifactorial disease, with many risk factors acting in
various combinations, some as predisposing risk factors,
making an ONH susceptible to ischemia, and some as
precipitating factors. Available evidence indicates that for
an ONH with predisposing risk factors, nocturnal arterial
hypotension acts as the final insult (“the last straw”),
resulting in ischemia of the ONH and NA-AION during
sleep. Also, our study [29] of ipsilateral recurrence of NA-
AION (in 594 consecutive patients, 829 eyes) showed
that overall patients with ipsilateral recurrence of NA-
AION had a significantly lower mean nighttime diastolic
blood pressure (P=0.003) and greater mean percentage
drop during sleep in diastolic blood pressure (P=0.011)
than those with no recurrence of NA-AION. Thus, the
study indicated that nocturnal arterial hypotension
was a significant risk factor in ipsilateral recurrence
of NA-AION. All this evidence indicates that noc-
turnal arterial hypotension plays an important role in
the development of NA-AION and that NA-AION is
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a hypotensive disorder.

The available evidence indicates that a host of
systemic and local factors, acting in different com-
binations and to different extents may reduce blood
flow in the ONH circulation, with some factors
making the ONH susceptible to ischemia, and others
acting as the final insult. Nocturnal arterial hypo-
tension seems to be an important precipitating fac-
tor in the susceptible patient [1-3, 26]. Thus, from
this it can be inferred that NA-AION is a hypoten-
sive disorder, with a transient hypoperfusion or non-
perfusion of the ONH due to nocturnal arterial hy-
potension, resulting in anoxia of the ONH (Fig. 2),
and not a thromboembolic disorder [2, 3].

Furthermore, the following differences between
NA-AION and cerebral ischemic stroke indicate that
the two are different clinical entities pathogeneti-
cally and for management.

1. There is a great volume of literature showing a
significant association between smoking and cere-
brovascular accident (a thromboembolic disorder)
[30]. In contrast to that, two large prospective stud-
ies have shown no association between smoking
and NA-AION (a hypotensive disorder) [31, 32].

2. Treatment of a disease is based on its pathophysiol-
ogy. It is well-established that cerebral ischemic
stroke mostly is a thromboembolic disorder, and
aspirin has been shown to have beneficial effect in
it. In sharp contrast to that, two large studies have
shown that aspirin has no beneficial effects in NA-
AION [31, 33], nor on preventing another episode
in the opposite eye. This is because aspirin has no
effect on blood pressure. Moreover, long-term use
of aspirin can cause serious systemic bleeding
complications.

3. Studies have shown that in ischemic stroke (a
thromboembolic disorder) systemic corticosteroid
therapy has no beneficial effect and can even be
detrimental [34—37]. Assuming that ischemic stroke
and NA-AION are similar in nature, some authors
[36] have concluded that “Steroids should not be
offered to patients with nonarteritic anterior ische-
mic optic neuropathy”. On the contrary, studies
[38—40] have shown that corticosteroid therapy
can have a beneficial effect in NA-AION (a hypo-
tensive disorder). In my prospective study [40],
NA-AION patients (312 patients) treated within
2 weeks of the onset of visual loss with high-dose
systemic corticosteroids therapy showed significant
improvement in visual acuity (P=0.001) and visual
field (P=0.005) compared to a similar untreated
group (301 patients).

I think it is appropriate to discuss briefly some
concerns raised by skeptics in neuro-ophthalmology
with regard to the above conclusion of my study
[40], although I have discussed and responded to
those at length elsewhere [3, 41]. Briefly, the pre-
vailing impression among neuro-ophthalmologists
that corticosteroid therapy in NA-AION has no
beneficial effect is based on a series of misconcep-
tions, including the following:

(1). That there is no rationale for giving corticoste-
roids in NA-AION. This is not valid. I have
discussed in detail the scientific rationale for
the use and beneficial effect of corticosteroid
therapy [3, 40, 41]. Briefly, corticosteroid thera-
py reduces optic disc edema, which results in
improved circulation in the optic nerve head
and improvement in visual outcome.

(i1). That a few published reports failed to show any
beneficial effect of corticosteroid therapy in NA-
AION. Those reports were seriously flawed. In
them, corticosteroid therapy was given timidly,
“too small a dose, for too short a period” or often
too late. The treatment protocol for systemic
corticosteroid therapy used in my study was very
different, and essential to get the required bene-
fit. To have a beneficial effect, corticosteroids
must be given initially within first 2 weeks in
high doses, and gradually tapered off over the
duration of the optic disc edema, which usually
lasts for about 2 months [40].

(iii). There is a prevailing misconception that since
corticosteroid therapy is ineffective in ischemic
cerebral stoke [34-37], it is also ineffective in
NA-AION. Since ischemic cerebral stoke and
NA-AION are different clinical entities patho-
genetically and in management, there is no
reason why their response to corticosteroid
therapy should be the same.

Our study [26] showed seasonal differences in
the onset of NA-AION compared to the onset of
ischemic cerebral stroke. NA-AION onset was
significantly more frequent in the (Iowa) summer
than in the winter (P=0.0030). This contrasts to
the reported increased incidence of cerebrovascular
accidents during the winter, compared to other
seasons [26].

Thus, available evidence indicates that it is
inaccurate to equate NA-AION with cerebral
ischemic stroke. Explaining the pathogenesis and
recommending management by extrapolating find-
ings from one organ to another can be a danger-
ous practice.
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