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In what seems to be an extraordinary advance in our field, the
use of an intraocular steroid may have a beneficial effect (at
least temporarily and, perhaps, long-term) on visual outcome
in patients with diabetic macular edema, vein occlusions, leak-
age from neovascularization from age-related macular degen-
eration, and, possibly, other conditions.

Determination of the long-term efficacy of intravitreal
injections or implants of steroids requires randomized clin-
ical trials. However, because of the absence of highly ef-
fective treatments for these diseases, many patients are
being treated with intraocular steroids. There has been a
clear increase in the off-label utilization of intravitreal and
periocular triamcinolone acetonide (Kenalog), and new im-
plantable delivery devices are under study. Concomitant
with the use of these steroids, however, is the specter of the
development of glaucoma.

After their introduction as antiinflammatory agents, it
was recognized that use of topical, systemic, and periocular
steroids could cause an increase in intraocular pressure
(IOP). The steroid-related rise in IOP is dose dependent, and
there is variability in steroid responsiveness among individ-
uals.! The mechanism for the rise in IOP is not known;
however, it has been suggested that it is related to a bio-
logical effect mediated by activation of steroid receptors on
the trabecular meshwork cells? and the resulting deposition
of extracellular material, including myocilin and collagen.?
Although the mechanism for the increased IOP with intra-
vitreal steroids is most likely similar to that after topical
application—namely, trabecular meshwork cell dysfunc-
tion—it also has been suggested that gonioscopically ob-
servable particulate matter from the injected material may
obstruct the trabecular meshwork.* With the fluocinolone
implant, no such particles are released, yet glaucoma is very
common, suggesting that pharmacologic effects (rather than
mechanical obstruction) are occurring. Some individuals,
including those with preexisting glaucoma or a family his-
tory of glaucoma, are particularly sensitive and may respond
with a moderate or marked rise in IOP within just a few
weeks of infrequent glucocorticoid dosing. Others are rela-
tively insensitive and only have a rise in IOP with frequent
dosing of a potent steroid for several weeks or more.

Most of our existing knowledge about IOP elevation
from steroids relates to topical therapy. After the topical
administration of a potent glucocorticoid for 6 weeks,! IOP
is increased by >5 mmHg in 20% of the general population,
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and in one quarter of these, the increase can be substantial.
If the steroid is discontinued, then the IOP usually reverts
to its baseline level. However, some patients, particularly
those who have received treatment for several months,
continue to have high IOP even after the steroid is with-
drawn. Loss of optic nerve fibers with concomitant loss of
visual field may occur.® It should be noted that some anti-
angiogenic steroids do not have glucocorticoid effects (e.g.,
anecortave acetate®) and do not raise IOP. This also seems
to be true for drugs that block vascular endothelial growth
factor,” such as pegaptanib and ranibizumab.

Given the potential risks associated with an intraocular
steroid injection, it is recommended that patients should
have a baseline examination of the IOP, optic disc, and
retinal nerve fiber layer (RNFL) to exclude the possibility of
preexisting glaucoma. Preexisting glaucoma should not
be considered an absolute contraindication to intraocular
steroid injection, but rather should alert a clinician to the
particular need for careful follow-up examinations and
treatment, if indicated. After use of intraocular steroids,
clinicians are interested in knowing how best to observe a
patient to detect steroid glaucoma and how it should be
treated if detected. Certainly it is essential to monitor IOP
regularly. A rise in IOP can occur rapidly, and IOP should
be measured at least once during the first poststeroid month.
A rise in IOP also can occur only after several months.
Therefore, it is important to continue to monitor IOP
monthly for several poststeroid months.

The functional status of the optic nerve is usually fol-
lowed with standard automated perimetry or the more sen-
sitive selective perimetry.® However, most patients requir-
ing intraocular steroids already have impaired retinal
function from their underlying disease, and any type of
perimetric testing to detect glaucomatous optic nerve dam-
age may be obfuscated by an artifact. Therefore, structural
assessment of the optic disc and parapapillary RNFL are
particularly important. This can be done with careful clini-
cal observation using a handheld lens and the slit-lamp
biomicroscope, or by imaging and quantitatively assessing
the RNFL or optic disc topography.

Even in the absence of preexisting glaucoma, certain
patients are at considerable risk of developing glaucoma.
High-risk patients include those with particularly high IOP
(e.g., >35 mmHg) or other glaucoma risk factors such as a
family history or known steroid IOP responsiveness. With
intravitreal injection of a suspension of triamcinolone, the
development of very high IOP has been noted in perhaps
40% of patients.” The time course of steroid-induced ocular
hypertension after intravitreal steroid injection varies and
depends on numerous factors, including the dose and vol-
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ume of injected drug, rate of clearance from the eye, pres-
ence of aphakia or pseudophakia, and, perhaps, the presence
of an intact anterior hyaloid. Pressure elevation may be seen
within days or weeks of the injection or implant placement.
After a 4-mg intravitreal injection of triamcinolone, the
elimination half-life in a nonvitrectomized eye is ~19 days,
and in a vitrectomized eye, it is 3.2 days.!? In a nonvitrec-
tomized eye, therapeutic levels (and, perhaps, their ocular
hypertensive effects) may be present for as long as 90 days.
Triamcinolone particles may be seen in the vitreous for =90
days.!! If a higher dose of triamcinolone is used, the steroid
and the ocular hypertension would be expected to last
longer, although the dose may not necessarily be linearly
related to the time. When an intraocular steroid injection is
repeated, it is reasonable to speculate that the ocular hyper-
tensive effects and their duration may be cumulative. For
the fluocinolone implant, the period of steroid release may
be as long as 2 to 3 years and, for the dexamethasone
implant, ~30 days. In most patients, the IOP elevation
subsides shortly thereafter. In a few patients, the IOP ele-
vation may last considerably longer or be permanent. If the
IOP cannot be controlled medically, explantation of the
steroid implant may be necessary, or a trabeculectomy or
placement of a glaucoma drainage implant may be done. It
is possible that the incidence and severity of the IOP ele-
vation vary, depending on the underlying retinal disease.

To assist investigators and clinicians in evaluating ste-
roid therapies, we propose a classification of the IOP rises.
This system can be used in patient care or clinical trials. A
rise of =15 mmHg from baseline or an IOP consistently
higher than 32 mmHg would be classified as a mild adverse
event, especially if the IOP returns to near baseline levels
with topical IOP-lowering therapy and this IOP rise is no
longer present within 3 months. In this latter situation,
topical medications can be withdrawn gradually.

If the IOP elevation does not respond adequately to
topical therapy or this pressure elevation persists beyond 3
months, this could be classified as a moderate adverse
event. Such patients need to be observed carefully for evi-
dence of progressive optic nerve damage with structural and
functional testing, as appropriate. Should optic nerve dam-
age be detected, surgical treatment (as indicated below)
should be considered. A severe adverse event would be a
rise in pressure to such a level that surgery is necessary.
These patients are those who have progressive optic nerve
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damage despite maximum tolerated medical therapy or who
have the likelihood of having such damage (IOP elevation
exceeding 20 mmHg from baseline or above 40 mmHg).
Admittedly, this is an arbitrary classification. It is meant to
complement Food and Drug Administration—-mandated re-
porting and to allow comparison of studies from different
pharmaceutical companies and different investigators. Our
classification can help characterize the IOP responses of
steroid treatment. While we await new studies of intraocular
steroids, attention should be directed to these rises in IOP,
and patients should be evaluated and treated to prevent the
development of glaucomatous optic nerve damage.
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