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Abstract

Purpose—To evaluate the effectiveness and risk of complications of high-dose intravenous
pulsed corticosteroids for non-infectious ocular inflammatory diseases.

Methods—Retrospective cohort study. One hundred four eyes of seventy patients who received
high-dose intravenous corticosteroids for treatment of active ocular inflammation were identified
from five centers. The main outcome measures were control of inflammation and occurrence of
ocular or systemic complications within one month after treatment.

Results—Within <1 month of starting treatment, 57% of eyes achieved complete control of
inflammation (95% confidence interval (Cl): 33-83%), improving to 82% when near-complete
control was included (95% CI: 61-96%). Most eyes (85%; 95% CI: 70-95%) gained clinically
significant improvement in anterior chamber inflammation. One patient developed a colon
perforation during treatment. No other major complications were recorded.
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Conclusions—Treatment of ocular inflammation with high-dose intravenous corticosteroids
resulted in substantial clinical improvement for most cases within one month. Complications of
therapy were infrequent.

Keywords

Corticosteroids; Inflammation; Intravenous; Non-infectious; Uveitis

Introduction

Ocular inflammatory disease is an important cause of visual loss and ocular morbidity
worldwidel-3. In more severe cases, or cases unlikely to respond to topical corticosteroids,
systemic corticosteroids frequently are used to achieve disease control*.

“Pulsed” (high dose) intravenous corticosteroids have been recommended as initial
treatment for severe ocular inflammatory diseases, based on the theory that the high dose of
anti-inflammatory medication delivered via this technique should result in rapid disease
control, allowing more rapid tapering of corticosteroids thereafter and thus minimizing
corticosteroid-induced complications®®. Pulsed intravenous corticosteroids long have been
utilized as a treatment for a variety of rheumatologic and autoimmune conditions with or
without ocular manifestations’-10. Intravenous corticosteroid courses subsequently have
been applied for a variety of ocular inflammatory conditions, including optic neuritis®, Vogt-
Koyanagi-Harada diseasel!, Behget’s Disease-associated uveitis!2, serpiginous
choroiditis'3, and others. However, use of high-dose intravenous corticosteroids has not
been examined in a large-scale or multi-center fashion. This report evaluates the
effectiveness and risk of complications observed among ocular inflammation patients treated
with high-dose intravenous pulsed corticosteroids in a relatively large, multi-center
retrospective cohort study.

Materials and Methods

Patients

The Systemic Immunosuppressive Therapy for Eye Diseases (SITE) Cohort Study is a large
retrospective cohort study of patients with ocular inflammation managed at tertiary ocular
inflammation centers between 1979-200714. This cohort includes all individuals examined
from the inception of four ocular immunology research centers until the time of the study,
and an approximate 40% random sample from a fifth center. Random sampling at the fifth
center was conducted for logistical reasons, due to an especially large number of patients at
that center. Data collection methods for the SITE Cohort Study are detailed elsewherel4.
The study was conducted with the approval of the governing institutional review boards
(IRBs) at each participating center.

All patients given high-dose intravenous corticosteroids (500 mg of methylprednisolone per
day or more) as a treatment for ocular inflammation were identified from the SITE Cohort
Study database. These patients had received treatment with doses ranging from a single dose
of 500 mg of methylprednisolone to 1000 mg given on three successive days. Patients
subsequently received additional anti-inflammatory treatment according to best medical
judgment, typically following published guidelines regarding the use of oral corticosteroids
for ocular inflammation?. Eyes with inactive inflammation at the time of intravenous pulse
corticosteroid treatment were excluded based on the presumption that the reason for
treatment was not ocular disease control (e.g. pre-emptive anti-inflammatory therapy prior to
ocular surgery), and because the effect of such treatment on inflammation could not be
evaluated. Eyes also were excluded if they underwent ocular surgery within two weeks of
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initiation of intravenous treatment, since ocular surgery would complicate interpretation of
the response. Individuals with non-uveitic ocular inflammatory conditions (such as mucous
membrane pemphigoid (MMP) and scleritis) were excluded from the anterior chamber and
vitreous inflammation analyses, on grounds that these are not the sites of ocular
inflammation for those conditions, but were included in analysis of overall control of
inflammation.

Data Collection

Information on all patients with noninfectious ocular inflammatory disease was entered into
a customized database (Access, Microsoft Corporation, Redmond, WA) by trained, expert
reviewers. Data on each patient and each eye were recorded for every visit. Data utilized in
this analysis included demographic information, diagnosis, visual acuity, level of
inflammation, ocular examination features, ocular surgeries, and ocular or systemic
complications.

For eyes with a diagnosis of uveitis, anterior chamber cells, vitreous cells, and vitreous haze
grades also were recorded (when available). These parameters had been recorded using an
ordinal scale; grading of anterior chamber cells and vitreous haze at participating centers had
used an approach identical to and similar to (respectively) the system later adopted by the
Standardization of Uveitis Nomenclature Working Group (SUN)5. Overall inflammatory
activity was graded as “active’, ‘slightly active’, or ‘inactive’ by the treating provider.
*Slightly active’ indicated minimal inflammation as described by terms such as “trace” or
“slight” activity, whereas ‘inactive’ indicated the complete absence of any inflammatory
signs (e.g., “no cells” or “no activity™). ‘Inactive’ inflammation referred to the absence of all
inflammatory signs; following the SUN Working Group®, a rare cell would be included in
this category for cases of uveitis. ‘Active’ inflammation referred to activity higher than that
indicated by ‘slightly active’, e.g. 1+ or higher anterior chamber cells in uveitis cases.

Outcome Measures

The primary outcome measure was overall control of inflammation. For overall
inflammatory activity, ‘complete control’ was defined as a clinical improvement from
‘active’ or “slightly active’ inflammation at baseline to ‘inactive’ disease by the specified
time point. ‘Near complete control” was defined as an improvement in disease activity from
‘active’ to either a ‘slightly active’ or an ‘inactive’ state.

Secondary outcome measures included clinically significant improvement in intraocular
inflammation for uveitis cases and the occurrence of ocular or systemic complications. For
anterior chamber cells, vitreous cells, and vitreous haze, ‘clinically significant improvement
was defined following SUN recommendations as a two-step or greater improvement in scale
of inflammation (i.e. 4+ to 2+ or 2+ to 0.5+) or achievement of complete control (grade
0)13, All ocular and systemic complications that occurred in association with intravenous
corticosteroid administration were tabulated.

Statistical Methods

Frequencies of variables at enrollment and outcomes were tabulated for the study
population. Among eyes or patients at risk of each event, Kaplan-Meier analyses of time-to-
first control of inflammation were performed to obtain the cumulative probability of overall
control of inflammation by specific time points (e.g., 1 month). The comparison of the time-
to-control of inflammation between types of ocular inflammation were performed using a
Cox proportional hazards model, accounting for excess correlation between paired eyes of
participants for analyses involving eyesl6. All data analyses were performed using SAS
version 9.1 (SAS, Cary, NC).
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Seventy patients (133 eyes with an ocular inflammatory diagnosis) received treatment with
high dose intravenous corticosteroids, after excluding patients with no activity in either eye
and those receiving intravenous corticosteroids perioperatively. The initial demographic and
clinical characteristics of participants and eyes are given in Table 1. Twenty-nine
contralateral eyes of these individuals were not actively inflamed at baseline and therefore
could not be included in the analysis of time-to-control of inflammation, leaving 104 eyes of
70 patients for analysis of response to high dose intravenous corticosteroids. The median age
of individuals treated was 39.8 years; approximately two-thirds each of participants were
female and Caucasian. Panuveitis (27.1%) constituted the most frequent indication for
intravenous pulse corticosteroid treatment in this group of patients. The most common
ocular complications of inflammation present prior to treatment were exudative retinal
detachment (13.3%) and cystoid macular edema (8.9%).

Kaplan-Meier curves showing the time-to complete control of inflammation and time-to-
near complete control of inflammation are given as Figures 1 and 2, respectively. There is
some controversy as to whether every minimal sign of inflammation must be extinguished to
consider treatment a success, so both perspectives are reported. The same Kaplan-Meier
curves broken down by type of inflammation (uveitis vs. other forms of inflammation) are
given as Figures 3 and 4. For all inflammatory diseases, the Kaplan-Meier estimate of the
proportion of eyes with complete control was 11% (95% ClI: 5.6-21%) at fourteen days after
initiation of treatment, which climbed to 57% (95% CI: 33-83%) by one month. When
including eyes that achieved near complete control, in addition to those with complete
control, the Kaplan-Meier estimate of the proportion was greater: 30% (95% CI: 21-42%) by
fourteen days and 82% (95% ClI: 61-96%) by one month. Among the subset of eyes with
uveitis, 55% (95% CI: 30-83%) obtained complete control and 85% (95% CI: 66-97%) for
near complete control or better by one month. For non-uveitic eyes (MMP, scleritis, etc.),
where ascertainment of very low grades of activity may be less easy than with uveitis, 52%
(95% CI: 26-84%) gained complete control and 53% (95% CI: 29-82%) attained near
complete control or better within one month.

Multivariate analysis (Table 2) indicated that factors predictive of achieving near-complete
or complete control inflammation were white race (adjusted relative risk (RR) with respect
to African-American race= 2.82, 95% CI: 1.31-6.1) and uveitis as opposed to scleritis,
mucous membrane pemphigoid, or ‘other’ forms of inflammation (adjusted RR = 3.80, 95%
Cl: 1.51 - 9.5). Other factors assessed (age, sex, bilateral disease, and use of 1 gram of
methylprednisolone daily for three days vs. lesser doses) were not associated with
significant differences. None of the factors were significantly associated with achievement
of complete control of inflammation, a less frequent outcome (with correspondingly less
statistical power).

The cumulative probability of clinically significant improvement in anterior chamber cells,
vitreous cells, and vitreous haze for active uveitis cases following intravenous corticosteroid
therapy is given as Figure 5. Improvement in each of the three categories was seen for all
these intraocular inflammatory signs: by one month, anterior chamber cells had improved in
84.5% (95% ClI: 70.0-94.5%), whereas vitreous cells had improved in 48.5% (95% ClI:
32.4-67.4%) and vitreous haze—for which less complete data were available—had
improved in 19.1% (95% ClI: 7.5-43.7%). With regards to subtypes of uveitis, 100% of eyes
with anterior, intermediate, or posterior uveitis achieved significant improvement in anterior
chamber cells by one month, and only 62% (95% CI: 40.1-84.8%) of eyes with panuveitis
reached this same control milestone by one month. However, the times-to-improvement
among these four uveitis subsets did not significantly differ (p=0.10).
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Thirty-nine (55.7%) patients were using immunosuppressive drugs (antimetabolites, T-cell
inhibitors, alkylating agents, or biologics) at the time they first received the intravenous
pulse corticosteroid treatment. Use of immunosuppressive drugs along with intravenous
corticosteroids was not associated with differences in either the time-to-complete control of
inflammation (p=0.40), nor the time-to near-complete or complete control of inflammation
(p=0.94). Statistical adjustment for the use of immunosuppressive drugs at the outset of
intravenous corticosteroid therapy did not significantly or substantially modify the results
described above (data not shown).

With regard to ocular inflammatory complications, there were no statistically significant
differences between the day of initiation of treatment to one month thereafter in the
proportion with ocular hypertension, hypotony, exudative retinal detachment, cystoid
macular edema, or inflammatory lesions (Table 3), all of which were sufficiently rare that a
very large change would have been required in order to observe a statistically significant
difference. The percentage of eyes with visual acuity of 20/40 or better improved from 35%
to 48% by one month following treatment (p=0.06).

One individual (1.4%, 95% Binomial Exact Cl: 0.04%-7.7%) developed a colon perforation
during the period of intravenous corticosteroid treatment (1000 mg of methylprednisolone
daily, intended to be for three days); no other patients were observed to develop serious
systemic complications of therapy during or shortly after treatment (expected fluctuations in
blood glucose were not considered a serious complication). The colonic perforation required
hospitalization, but resolved without requiring surgery.

Discussion

The results of this study suggest that high-dose intravenous “pulsed” corticosteroids
typically result in improvement of ocular inflammation. Over half of actively inflamed eyes
treated with this therapy were completely controlled (with complete abolition of
inflammatory signs) within one month after initiation, and 82% improved to a very low level
of inflammation or better. Although uveitis cases tended to respond most favorably,
treatment response was favorable for all types of ocular inflammation studied, suggesting
that treatment with intravenous corticosteroids is broadly effective.

In uveitic eyes, anterior chamber cells showed improvement by at least two grades—or to
grade zero—in nearly all instances. Vitreous cells improved by at least two grades in
approximately half of inflamed eyes, and vitreous haze—which was graded less often in our
retrospective study—appeared to respond less briskly to intravenous corticosteroid
treatment. These results are consistent with the hypothesis that clearance of inflammatory
signs from the vitreous gel may take longer or require more treatment than clearance of
inflammation from the aqueous in the anterior segment. The fact that the percentage of eyes
with anterior uveitis showing such improvement in anterior chamber cells is greater than the
percentage of those eyes with “complete control” reflects the fact that anterior chamber cells
may substantially improve but not completely disappear with treatment, and that posterior
segment inflammatory signs did not resolve as readily.

Intravenous corticosteroid dosages applied in this study did vary, with about two-thirds of
eyes receiving less than the traditional dose suggested for active inflammatory disease (1000
mg of methylprednisolone per day for three consecutive days)®. When the results for eyes
that received this dose were compared to eyes that received lower dosages (as low as a
single dose of 500 mg of methylprednisolone), no substantial difference in outcomes was
noted. It is unclear whether this observation reflects a selection bias (i.e., more aggressive
diseases may have been selected for the higher dosages by the treating physician) or whether
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higher dosages are not necessary for treatment of ocular inflammation. A randomized study
would be required to distinguish between the two alternative explanations.

The results of the study did not change when the data were adjusted for the use of concurrent
immunosuppressive medications at the outset of treatment. Given that immunosuppressive
therapy often takes months to contribute to control of inflammation7-21 it is not surprising
that concurrent immunosuppressive use did not significantly alter patient outcomes.
Furthermore, it is unlikely that in the first 30 days other therapies would have had greater
benefits than intravenous corticosteroids, given that lesser corticosteroid treatments and non-
steroidal anti-inflammatory drugs are less potent. While subsequent treatments may impact
the outcome of therapy, they are part of the high dose intravenous corticosteroid therapy
treatment strategy, and our goal was to study the strategy. Subsequent maintenance therapy
is required to avoid rapid recurrence of inflammation after initial treatment.

With regard to ocular complications, the proportion of eyes with adverse findings was
reduced across all categories with respect to baseline, though without reaching statistical
significance. The tendency toward improvement is consistent with the observed benefits of
therapy for ocular inflammation, but without statistically significant differences our data do
not prove this conclusion; the number of eyes with complications at the outset of therapy
was small, limiting the power of our analysis to address this question. However, it is
noteworthy that a trend towards ocular hypertension as a potential corticosteroid-related
response to systemic treatment was not observed.

One major systemic complication was recorded during the treatment period. Colonic
perforation has been reported as a rare complication of corticosteroid therapy?2. Other
gastrointestinal side effects have been attributed to corticosteroids in earlier studies!® and
were seen in the Optic Neuritis Treatment Trial (ONTT)23, though larger meta-analyses
suggest that apparent increases in peptic ulcer disease with high dose corticosteroids in fact
reflect confounding from concurrent nonsteroidal anti-inflammatory medication24. Albeit
uncommon, the risk of serious gastrointestinal side effects and related complications is a
concern with the use of corticosteroid therapy for ocular inflammation, and theoretically
could be more frequent with the “pulse” intravenous approach than with usual dose oral
corticosteroid therapy. Hyperglycemia also is a well-recognized side effect of systemic
corticosteroid administration2°, While it is important to remember the risk of hyperglycemia
in selecting cases, it may be that a relatively quick burst of corticosteroids has less impact on
blood sugar elevation in persons at risk8, which was the rationale for the clinician’s choice
of intravenous corticosteroid therapy for select diabetic patients. Several additional potential
complications of corticosteroid therapy were not observed in our group of patients, including
those seen in the ONTT (acute pancreatitis and depression requiring psychotropic
medication). While newer local therapies for non-infectious uveitis now are available that
may lessen systemic side effects, our results suggest that systemic side effects of the
intravenous corticosteroid treatment approach are infrequent. Local treatments (e.g.
implants) have not been proposed for non-uveitic ocular inflammation, and in uveitis cases it
may be undesirable to place implants until the inflammation has been quieted, for which
intravenous corticosteroids may be required in severe cases.

Limitations of this study arise from its retrospective design. For instance, it is likely that
only the most severe cases of ocular inflammation were treated using high-dose, intravenous
corticosteroids, and therefore the benefits reported here may be underestimated; had less
severe cases been treated, more impressive outcomes may have been observed. Also, it is
likely that only patients for whom the treatment was judged to be safe would have been
selected for therapy; a broader group of recipients (e.g., diabetic persons) potentially could
have a higher risk of systemic complications of therapy. Third, the study analyzed response
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of a heterogeneous group of ocular inflammatory diseases. While sensitivity analysis of the
subset with uveitis suggested that results tended to be better than the other groups, it is
possible that the less common ocular inflammatory subsets could vary in their
responsiveness to treatment by a degree not detectable with the available study power.
Relative strengths of the study include a substantially larger sample size than previously has
been available, providing reasonable precision for estimates of the effectiveness and risks of
the treatment approach. The study was not able to compare the effect of “pulsed”
intravenous corticosteroids to oral corticosteroids due to potential indications-for-treatment
bias; such a comparison would be made ideally using a randomized clinical trial, a
methodology that logistically would be very difficult to implement.

In summary, the strategy of treating ocular inflammation with high dose “pulsed”
intravenous corticosteroids (e.g., 500-1000 mg of methylprednisolone for 1-3 days) followed
by ongoing anti-inflammatory therapy as indicated resulted in substantial improvement for
the large majority of cases with active ocular inflammation. Ocular complications of therapy
were not observed and systemic complications were rare. These results provide evidence
supporting the use of high dose intravenous corticosteroid treatment for severe ocular
inflammation, which previously has been studied only in small cohorts or specific rare
disease entities. Further experience or a randomized study—if it could be conducted—would
be valuable to more completely investigate the benefits and risks of high-dose intravenous
corticosteroids for ocular inflammation.
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Figure 1.

Cumulative probability of complete control of inflammation among eyes with active ocular
inflammation treated with high-dose intravenous corticosteroids. Dotted lines give the 95%
confidence limits.
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Figure 2.

Cumulative probability of achieving complete or near complete control (improvement from
“active” inflammation to either a “slightly active” or an “inactive” inflammatory state)
following treatment with high-dose intravenous corticosteroids, eyes with active ocular
inflammation. Dotted lines give the 95% confidence limits
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Figure 3.

Cumulative probability of complete control of inflammation among eyes with active ocular
inflammation treated with high-dose intravenous corticosteroids, by type of ocular
inflammation. MMP = mucous membrane pemphigoid.
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Figure 4.

Cumulative probability of achieving complete or near complete control (improvement from
“active” inflammation to either a “slightly active” or an “inactive” inflammatory state)
following treatment with high-dose intravenous corticosteroids, eyes with active ocular
inflammation, by type of ocular inflammation. MMP = mucous membrane pemphigoid.
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Figure 5.

Cumulative probability for clinically significant improvement (improvement by at least two
grades or to grade 0)[15], for anterior chamber cells, vitreous cells and vitreous haze—eyes
with uveitis treated with high-dose intravenous corticosteroids. AC = anterior chamber.
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Table 1
Demographics of the study population
n %

Patient-specific characteristics 70
Median age (y) at treatment (range) 39.8 11-82
Gender [% (n)]

Male 27 38.6%

Female 43 61.4%
Race [% (n)]

Caucasian 44 62.9%

African-American 26 37.1%
Diagnosis [% (n)]

Anterior Uveitis 10 14.3%

Intermediate Uveitis 8 11.4%

Posterior Uveitis 10 14.3%

Panuveitis 19 27.1%

Scleritis 12 17.1%

Other® 11 15.7%
Bilateral disease [% (n)] 63 90.0%
Median visual acuity at visit preceding treatment (1Q range)b

Better eye 20/40  (20/25 - 20/160)

(20/50 - count

Worse eye 20/250 fingers)

Eye-specific characteristics 133 100%

Median visual acuity at time preceding treatment (1Q range)b 20/80  (20/40 - 20/400)

Inflammatory Activity

Overall inflammatory activity

Active 104 78.2%
Slightly active 4 3.0%
Inactive 21 15.8%
Not given 4 3.0%

Anterior chamber cells, grade, %c

0 27 30.0%
0.5+ 10 11.1%
1+ 11 12.2%
2+ 17 18.9%
3+ 15 16.7%
4+ 7 7.8%

Not given 3 3.3%

Vitreous cells, grade, %c
0 26 28.9%
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n %
0.5+ 10 11.1%
1+ 14 15.6%
2+ 13 14.4%
3+ 13 14.4%
4+ 1 1.1%
Not given 13 14.4%

Vitreous haze, grade, %C

0 44 48.9%
0.5+ 5 5.6%
1+ 9 10.0%
2+ 6 6.7%
3+ 1 1.1%
4+ 0 0%
Not given 25 27.8%

Page 15

aOther diagnoses (n): MMP (n=5), peripheral ulcerative keratitis (n=2), idiopathic orbital pseudotumor (n=2), optic nerve inflammation with

associated vitreous cells (n=1), autoimmune optic neuropathy (n=1).

Excludes two patients, four eyes (data not given); not all patients have two eyes with ocular inflammation, so the better eye may not be diseased.

c . . . . -
Only among patients with a diagnosis of uveitis

Ocul Immunol Inflamm. Author manuscript; available in PMC 2013 April 1.
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