
Optic Nerve Decompression Surgery
for Nonarteritic Anterior Ischemic Optic
Neuropathy (NAION) Is Not Effective
and May Be Harmful
The Ischemic Optic Neuropathy Decompression Trial Research Group

Objective.\p=m-\Toassess the safety and efficacy of optic nerve decompression
surgery compared with careful follow-up alone in patients with nonarteritic anterior
ischemic optic neuropathy (NAION).

Design.\p=m-\TheIschemic Optic Neuropathy Decompression Trial (IONDT) is a
randomized, single-masked, multicenter trial.

Setting.\p=m-\Twenty-fiveUS clinical centers.
Participants.\p=m-\TheIONDT ceased recruitment on October 20, 1994, on the

recommendation of its Data and Safety Monitoring Committee. The preliminary re-
sults presented herein are based on data as of September 8,1994, from 244 pa-
tients with NAION and visual acuity of 20/64 or worse. One hundred twenty-five
patients had been randomized to careful follow-up, and 119 had been randomized
to surgery, with 91 and 95, respectively, having completed 6 months of follow-up.

Intervention.\p=m-\Patientsin the surgery group received optic nerve decompres-
sion surgery and follow-up ophthalmologic examinations; those in the careful
follow-up group received ophthalmologic examinations at the same times as the
surgery group.

Main Outcome Measures.\p=m-\Gainor loss of three or more lines of visual acuity
on the New York Lighthouse chart at 6 months after randomization, as measured
by a technician masked to treatment assignment.

Results.\p=m-\Patientsassigned to surgery did no better when compared with pa-
tients assigned to careful follow-up regarding improved visual acuityof three or more
lines at 6 months: 32.6% of the surgery group improved compared with 42.7% of
the careful follow-up group. The odds ratio (OR) for three or more lines better, ad-
justed for baseline visual acuity and diabetes, was 0.74 (95% confidence interval
[CI], 0.39 to 1.38). Patients receiving surgery had a significantly greater risk of los-
ing three or more lines of vision at 6 months: 23.9% in the surgery group worsened
compared with 12.4% in the careful follow-up group. The 6-month adjusted OR for
three or more lines worse was 1.96 (95% CI, 0.87 to 4.41). No difference in treat-
ment effect was observed between patients with progressive NAION and all
others.

Conclusion.\p=m-\Resultsfrom the IONDT indicate that optic nerve decompression
surgery for NAION is not effective, may be harmful, and should be abandoned. The
spontaneous improvement rate is better than previously reported.

(JAMA. 1995;273:625-632)

From the Ischemic Optic Neuropathy Decompres-
sion Trial Research Group.

The major participants in the Ischemic Optic Neu-
ropathy Decompression Trial are listed at the end of this
article.

Reprint requests to the Department of Ophthalmol-
ogy, University of Maryland School of Medicine, 419 W
Redwood St, Baltimore, MD 21201 (Shalom Kelman,
MD).

NONARTERITIC anterior ischemie op¬
tic neuropathy (NAION) is the most
common cause of acute optic nerve dis¬
ease in the elderly13 and often results in
severe visual loss. Estimates ofthe num¬
ber of new cases seen each year in the
United States range from approximately

15004 to 6000.5 Clinically, NAION is char¬
acterized by sudden and painless loss of
vision in one eye associated with pallid
swelling of the optic disc. Although non¬
arteritic ischemie optic neuropathy can
be caused by giant cell arteritis and is
thought by many to be due to micro-
vascular occlusive disease, its etiology
is unknown. Anatomical factors appear
to contribute to the vascular event ini¬
tiating NAION, as the number of pa¬
tients with NAION who congenitally
lack a physiological cup in their optic
discs is greater than expected. Visual
function may be impaired through de¬
creased central visual acuity, peripheral
visual field loss, or both. Because
NAION can eventually affect both eyes
in up to 40% of patients,6 it is believed
to take a devastating toll on indepen¬
dence and quality of life. In addition, the
literature has supported the notion that
final visual acuity in patients with
NAION declines to 20/200 or worse in
about 45% of affected eyes.7,8

For editorial comment see  666.

Until recently, the clinician's main task
in managing patients with NAION was
to exclude temporal arteritis (which is
treatable with corticosteroids) and to
control other factors, such as elevated
blood pressure, which might affect the
final visual outcome. Although various
nonsurgical treatments, such as corti¬
costeroids and phenytoin sodium, have
been tried, no therapy for NAION has
been proven effective.

In 1989,9 it was first suggested that
optic nerve decompression surgery
(ONDS) might improve vision, particu¬
larly in patients with a progressive form
of NAION characterized by a worsen¬

ing of visual acuity during a period of
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days or weeks. The surgery involves
making two or more slits or a window in
the optic nerve sheath, allowing cere-

brospinal fluid to escape, thereby re¬

ducing the pressure surrounding the op¬
tic nerve. Other investigators10"12 sub¬
sequently reported a beneficial effect of
ONDS on visual acuity and visual fields,
and the observed effect on visual acuity
was not always limited to patients with
progressive disease.

None of the studies reporting im¬
provement912 was a randomized con¬
trolled trial. Furthermore, sample sizes
were generally small, uniform visual
testing procedures were not used, and
progressive disease was notwell defined.
As surgery was being performed more

frequently, it became imperative to test
the procedure in a randomized clinical
trial before widespread use. Accordingly,
the Ischemie Optic Neuropathy Decom¬
pression Trial (IONDT) was initiated.

METHODS
The IONDT is a multicenter random¬

ized controlled clinical trial sponsored
by the National Eye Institute. The ob¬
jective of the IONDT is to assess the
safety and efficacy ofONDS and follow-
up compared with careful follow-up
alone, in patients with NAION.

Eligibility and Enrollment
Patients were eligible for random¬

ization if they were diagnosed by a study
neuro-ophthalmologist as havingNAION.
Criteria for eligibility were determined
before the study start and were applied
according to protocol by the study neuro-

ophthalmologist and other certified study
staff, where appropriate. They included
sudden onset of subjective symptoms of
loss ofvision; a best-corrected visual acu¬

ity in the affected eye of 20/64 or worse;
a relative afferent pupillary defect (bi¬
lateral disease excepted); optic disc edema;
and visual field defects consistent with
optic neuropathy. Study-specific criteria
included age 50 years or older, duration
of symptoms less than 14 days at the
baseline examination, and the patient
being able and willing to give informed
consent.

Medical exclusion criteria included
conditions likely to exclude NAION as
the primary diagnosis: evidence of tem¬
poral arteritis, such as Westergren sedi¬
mentation rate greater than 40 mm/h,
or a history of optic neuritis, multiple
sclerosis, collagen vascular disease, or
other inflammatory disease. Patients
also were excluded if they had a condi¬
tion putting them at increased surgical
risk: intolerance of or allergy to inhala-
tional anesthetics, myocardial infarction
within the previous 6 months, current
anticoagulation therapy that could not

be stopped, or an abnormal platelet count
or hematocrit.

Ophthalmologic exclusion criteria
included conditions that indicated a
nonischemic etiology, such as vitreous
hemorrhage or cells, iritis, pain on eye
movement characteristic of optic neu¬

ritis, cataract surgery within 3 months,
or prior eye surgery. Exclusions also
included other ophthalmologic conditions
that might impair a measurement of
change in visual acuity or visual field,
including lens opacity, macular disease,
visually significant retinopathy, glau¬
coma or intraocular pressure greater
than 30 mm Hg, or other progressive
eye disease. Also excluded were patients
who had NAION occurring in the other
eye within 14 days of the onset of the
current symptoms, visual acuity of no

light perception, continued use of drugs
known to affect the optic nerve or retina,
or any factor likely to deter the patients
from returning for follow-up visits.

Patients eligible for randomization by
all criteria, except that their visual acu¬

ity was better than 20/64 at the baseline
examination, had an opportunity to par¬
ticipate in the trial if their vision dete¬
riorated to 20/64 or worse within 30 days
from the onset of symptoms. Visual acu¬

ity was measured weekly until 30 days
from symptom onset had passed or the
vision criterion was met. This group of
patients whose vision deteriorated to
20/64 within 30 days was termed the
late-entry group. Randomized patients
who were not late entry were termed
the regular-entry group.

Patients were referred to the trial for
eligibility screening by vision care spe¬
cialists in the surrounding communities.
Clinic coordinators conducted a prelimi¬
nary screening by telephone, and po¬
tentially eligible patients were sched¬
uled for a baseline eligibility visit. The
baseline eligibility visit consisted of
medical history, an ocular/medical ex¬

amination, measurement of visual acu¬

ity, and measurement of visual fields
using automated perimetry.

Patients agreeing to participate in the
IONDT signed a consent form approved
by the local institutional review board
and were randomized to one of two
groups: ONDS or conventional obser¬
vational management ("careful follow-
up") with no surgical intervention. Con¬
sent forms were generally uniform in
content and structure across the study
clinics but had individual variations as

required locally. The randomization
schedule was stratified by clinic, with
allocations within each clinic balanced
across treatment groups using randomly
permuted blocks of size two or four, al¬
ways starting with a block size of two
and randomly selecting the size there-

after. Block sizes were unknown to the
clinics. The patient became officially en¬

rolled in the trial at the time the clinic
coordinator or study neuro-ophthal¬
mologist telephoned the coordinating
center and received the randomization
assignment.

Patients who were randomized into
the ONDS group were required to re¬
ceive surgery within 4 days of random¬
ization. Surgery had to take place within
14 days of the onset of symptoms (date
ofonset was day 0) for the regular-entry
patients and within 34 days of the onset
ofsymptoms for the late-entry patients.
If randomization occurred more than 1
day after the baseline eligibility visit for
any patient, the visual acuity and visual
fields were retested at randomization
and used for the baseline values.

Surgeons were required to have per¬
formed 10 or more decompression sur¬

geries to be certified to perform sur¬

gery within the IONDT. The surgical
procedure was performed by a certified
study surgeon according to an explicit
study protocol. Surgery was performed
under general anesthesia, using a me¬
dial approach. Surgeons fenestrated the
optic nerve sheath using at least two
slits or at least one window. The study
surgeon was required to report imme¬
diately to the coordinating center any
serious complications, including orbital
hemorrhage, central retinal artery oc¬

clusion, or no light perception vision im¬
mediately following surgery.
Outcome and Other Measures

The primary outcome for the IONDT,
specified before the study start, was an

improvement (from randomization) of
three lines or more ofvisual acuity, mea¬
sured using the New York Lighthouse
charts (Lighthouse Low Vision Prod¬
ucts, Long Island City, NY), 6 months
after randomization. This outcome was
also measured at 3 months, 12 months,
and every 6 months subsequently. A
worsening by three lines or more of vi¬
sual acuity at the same follow-up points
was used as the principal measure of
safety.

Visual acuity scores were converted
to log MAR (log of the minimum angle
of resolution)13 (Table 1) using the fol¬
lowing formula: log MAR=1.70-0.02AT,
where  is the number of letters read
on the vision chart; a decrease of 0.3 log
MAR corresponds to three lines better
on the Lighthouse chart. For the pur¬
poses of our analysis, each incremen¬
tally worse level of "off-the-chart" vi¬
sion was assigned a value 0.30 log MAR
units higher: count fingers=2.0 logMAR;
hand motion=2.3 log MAR; light per-
ception=2.6 log MAR; and no light per-
ception=2.9 log MAR. This approach is

 at University of Pittsburgh on November 25, 2010 www.jama.comDownloaded from 

http://jama.ama-assn.org


Table 1.—Snellen Visual Acuity and Log of the
Minimum Angle of Resolution (Log MAR) Equivalents

Visual Acuity Equivalents
I-1

Visual Acuity
Snellen Feet_Score,  _Log MAR*

20/10 100 -0.30
20/15 91 -0.12
20/20 85 0
20/25 80 +0.10
20/30 76 +0.18
20/40 70 +0.30
20/50 65 +0.40
20/60 61 +0.48
20/64 60 +0.50
20/70 58 +0.54
20/80 55 +0.60
20/100 50 +0.70
20/200 35 +1.0
20/300 26 +1.18
20/400 20 +1.30
20/800 5 +1.60
20/1000 0 +1.70

Count fingers 0 +2.00
Hand motion 0 +2.30
Light perception 0 +2.60
No light perception 0 +2.90

*Log MAR=1.70-0.02W, where  is the number of
letters read on the vision chart.

similar to that used by others.14
Additional outcome measures include

visual field score mean deviation at 3,6,
and 12 months from Program 24-2 ana¬

lyzed with StatPac on the Humphrey
Field Analyzer; quality of life as mea¬
sured by the Short-Form Health Sur¬
vey (SF-36)15 and an IONDT-specific
health-related quality-of-life instrument
at 6 and 12 months; occurrence of sys¬
temic and ophthalmic intraoperative
complications (defined as occurring dur¬
ing surgery) or postoperative complica¬
tions (defined as occurring in the first
postoperative week); and other morbid¬
ity or mortality outcomes potentially re¬
lated to ONDS.

All patients enrolled in the trial were
followed up in an identical fashion, re¬

gardless of treatment group. Patients
were seen for follow-up visits at or about
1 week, 1 month, 3 months, 6 months,
and 12 months after randomization, and
at 6-month intervals thereafter. Patients
were expected to have at least 1 year of
follow-up. Visual acuity was measured
during visits at 1 week and 1 month
after randomization tomonitorthe safety
of the treatment assigned; the protocol
did not require that vision at these vis¬
its be measured by a masked, certified
technician or using a Lighthouse chart.
Subsequent measurements were per¬
formed at each follow-up visit according
to a uniform protocol by an IONDT-
certified technician masked to the treat¬
ment received.

We operationally defined progressive
status in three alternative ways: (1) eli¬
gible patients whose vision was better
than 20/64 at 14 days from the onset of
symptoms of NAION but deteriorated
to 20/64 or worse within 30 days (ie,

enrollment type was late entry); (2) the
subgroup of patients meeting criteria
for late entry who lost three or more
lines of vision between the baseline eli¬
gibility visit and randomization; and (3)
all regular- and late-entry patients who
reported a subjective worsening of vi¬
sion between onset of symptoms and
the baseline eligibility visit.

We defined surgical experience in
three ways. One definition was in rela¬
tion to the surgeon: number of lifetime
decompression surgeries performed
(<15 vs 3:15); and two definitions re¬
lated to clinic experience: (1) clinics with
at least one surgeon with 15 or more

decompresion surgeries vs all other clin¬
ics; and (2) clinics with at least one sur¬

geon with five or more IONDT surger¬
ies who had a low complication rate (20%
or fewer intraoperative complications)
vs all other clinics. Because the defini¬
tion related to the surgeon could be ap¬
plied only to patients having surgery,
we only used this definition in examin¬
ing the association between surgical ex¬

perience and outcome within the sur¬

gery group.
Statistical Analysis

Sample size calculations were based
on a two-sided .05 significance level test
for comparison of the proportion of pa¬
tients in the two study groups expected
to improve three or more lines ofvision.
The sample size was determined by
specifying that the test have a power of
at least 90% to detect a treatment dif¬
ference between groups, assuming 50%
of the surgery patients and 30% of the
careful follow-up patients would improve
three or more lines of vision during the
course of the study. The resulting sample
size was calculated as 135 in each group.
Allowing for 10% attrition, a total of 150
patients were calculated as needed for
each study group.

Patients were analyzed as part of the
treatment group to which they were as¬

signed (intention-to-treat analysis). All
analyses compare patients randomized
to ONDS with those randomized to care¬
ful follow-up. For analysis of the visual
acuity outcome, patients were classified
as (1) getting better (improving three or
more lines of vision); (2) little change
(increase or decrease of fewer than three
lines); or (3) getting worse (worsening
by three or more lines) between ran¬
domization and the specified follow-up
visit.

For the measure of treatment effect,
we used relative risks (RRs) instead of
odds ratios (ORs) because RRs are di¬
rectly interpretable as ratios of risks. In
most analyses we report two sets ofRRs,
comparing the surgery group with the
careful follow-up group on getting bet-

ter and getting worse. An RR greater
than 1.0 for getting better indicates that
surgery is more beneficial than careful
follow-up; an RR between 0 and 1.0 for
getting better indicates that surgery is
less beneficial than careful follow-up; and
an RR greater than 1.0 for getting worse
indicates that surgery is more harmful
than careful follow-up. The RRs and 95%
confidence intervals (CIs)16 comparing
surgery with careful follow-up for im¬
provement and worsening ofvisual acu¬

ity were estimated at 3,6, and 12 months
of follow-up. The 95% CIs for the RRs
that do not include 1.0 correspond to
RRs with associated  values of less
than .05 for a two-sided test of the null
hypothesis that the RR equals 1. The  
values presented herein are for two-
sided tests and have not been adjusted
for multiple comparisons.

Variables examined for possible in¬
teraction or confounding include clinic,
sex, patient age (<65 vs >65 years),
race, progressive status, initial symp¬
toms, days from onset of symptoms to
referral, days from onset of symptoms
to randomization, hypertension, diabe¬
tes, presence of cataract, prior NAION,
randomization visual acuity, regular as¬

pirin use, and surgical experience. Par¬
ticular attention was paid to variables
distributed differentially in the two
treatment groups at baseline.

Relative risks are reported both as

unadjusted and as adjusted across

subgroups using the Mantel-Haenszel
method. When there was evidence of
possible subgroup interaction with treat¬
ment group (ie, differential treatment
effects in some subgroups), we present
RRs separately for these subgroups and
do not report an adjusted RR.

To adjust for several variables simul¬
taneously and to evaluate interactions
in this setting, we used multiple logistic
regression analysis and calculated the
ORs as the measure of treatment effect.
The OR for getting better (or worse) is
defined as the odds of getting better (or
worse) among surgery patients divided
by the odds of getting better (or worse)
among careful follow-up patients. All lo¬
gistic regression analyses were adjusted
for randomization visual acuity. Other
variables examined for possible inter¬
action with treatment group and con¬

founding of treatment effect were sex,
age, late-entry status, diabetes, and as¬

pirin use. These variables either were
distributed differently between the two
study groups at randomization (P<.10,
diabetes and late entry) or had suggested
heterogeneity of RRs in strata when
examined by the Mantel-Haenszel meth¬
od (P<.20, aspirin, sex, and age). Pos¬
sible interactions were examined first
and were retained in the model when
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Table 2.—Expected and Completed Follow-up Visits, by Treatment Group*
Careful Follow-up,

No. (%)
(n=125)

Surgery, No. (%)
(n=119)

Total expected 3-mo visits 117(100) 108 (100)
Completed visits 113(97) 105 (97)
Missed visits 4(3) 3(3)
Information not yet received/entered

Visits not yet expected
Total expected 6-mo visits 98(100) 99 (100)

Completed visits 91 (93) 95 (96)
Missed visits KD
Information not yet received/entered 6(6) 4(4)

Visits not yet expected 27 20

Total expected 12-mo visits 67(100) 62(100)
Completed visits 55 (82) 54(87)
Missed visits 4(6) 2(3)
Information not yet received/entered 8(12) 6(10)

Visits not yet expected 58 57

*Data as of September 8,1994. Total numbers may vary in subsequent tables because of missing values for visits
or variables.

the interaction  value was less than or

equal to .05. Variables were considered
to be confounding if including them in
the model changed the estimated treat¬
ment effect by 20% or more. In the final
analysis, we adjusted for all interactions
and confounding variables identified and
for any variable having a significant re¬

lationship (P<.05) with the outcome
when the interactions and confounding
variables were in the model.

Mean deviation of visual field, the
secondary outcome, was analyzed as a
continuous variable: change from ran¬
domization at the 3-, 6-, and 12-month
follow-up visits. Using change in mean
deviation from randomization to the
6-month visit as the outcome variable,
we used multiple linear regression meth¬
ods to estimate the treatment effect (ie,
the mean difference in the response in
surgery minus careful follow-up) ad¬
justed for any confounding variables and
significant (Ps.OS) interactions with
treatment effect.

The Data and Safety Monitoring Com¬
mittee (DSMC) reviewed the accumu¬
lated data from the trial at four points
(April 1993, October 1993, April 1994,
and October 1994). Study personnel car¬

ing for patients, including the study
chair, did not see the data until after
recruitment for the trial had ceased.

RESULTS
Recruitment for the IONDT began in

October 1992. The results presented
herein are based on data as of Septem¬
ber 8, 1994, when 244 patients with
NAION had been randomized, 125 to
careful follow-up and 119 to surgery
(Table 2). These data were presented to
the DSMC at their October 19, 1994,
meeting and led to their recommenda-

tion that recruitment to the IONDT
cease and that patients continue to be
followed up for at least 1 year. Random¬
ization ceased on October 20, after a
total of 258 patients had been random¬
ized. One of the 26 clinical centers was
removed from the study in April 1994
because of serious protocol violations;
its data, including 21 patients, are not
included in the analysis or tables.

Demographic and other characteris¬
tics are summarized in Table 3. In gen¬
eral, there were few differences between
groups: more patients with diabetes
were assigned to the careful follow-up
group, and more late-entry patients were

assigned to the surgery group.

Misdiagnoses and Adherence
After randomization, two patients

were reported to have optic neuritis and
one was diagnosed with temporal arte-
ritis (by biopsy), for a total of three mis-
diagnoses. The results of analyses per¬
formed with and without these patients
do not differ in any meaningful way.

Three patients assigned to careful fol¬
low-up requested surgery after they re¬

ceived their treatment assignment, and
two patients assigned to surgery re¬

ceived careful follow-up, one by choice
and one because of a newly discovered
colon malignancy. Three patients (one
careful follow-up and two surgery) died,
and one careful follow-up patient with¬
drew consent before the 6-month follow-
up visit. There were few missed visits:
none (0%) ofthe 99 surgery patients and
one (1%) of the 98 careful follow-up pa¬
tients missed the 6-month visit (Table
2). Of the 237 patients for whom base¬
line data had been received, the base¬
line visual acuity measurements were

incomplete for four patients, one in the

surgery group and three in the careful
follow-up group. The numbers ofpatients
with data submitted and entered at the
time of the DSMC meeting are provided
in Table 2.

Visual Acuity
At 6 months, 42.7% (38/89) ofpatients

in the careful follow-up group had im¬
proved three or more lines ofvision, and
an additional 44.9% (40/89) of the pa¬
tients had little or no change (Table 4).
In the surgery group, the correspond¬
ing values were 32.6% (30/92) and 43.5%
(40/92), respectively.

Unadjusted RRs for three or more
lines better and three or more lines
worse for the 3-, 6-, and 12-month follow-
up visits for all patients in the trial are

presented in Table 4. There were no

significant differences between surgery
and careful follow-up at 3, 6, and 12
months of follow-up for getting better,
although the trend favored careful fol¬
low-up (eg, unadjusted RR at 6 months,
0.76; 95% CI, 0.52 to 1.12). There was a

significantly greater risk of getting
worse from surgery compared with care¬
ful follow-up at 3,6, and 12 months (un¬
adjusted RR at 6 months, 1.94; 95% CI,
1.02 to 3.69; P=.04). There was no sig¬
nificant difference between groups in
the proportion of patients whose vision
was better than 20/200 in the study eye
at randomization but whose vision was
20/200 or worse in the study eye at 6
months of follow-up (19% in the careful
follow-up group vs 31% in the surgery
group; P=.22).

There were no significant differences
between the treatment groups among
patients whose change in visual acuity
at 6 months went from "off the chart"
(count fingers or worse) to "on the chart"
(better than count fingers)—45% in the
surgery group vs 39% in the careful fol¬
low-up group—or from on the chart to
off—8% in the surgery group vs 4% in
the careful follow-up group.

When analyses were stratified on the
prespecified variables (Table 5), the
adjusted results were consistent with
unadjusted comparisons except that sig¬
nificantly (P=.03) greater beneficial ef¬
fects ofcareful follow-up occurred in per¬
sons aged 65 years or older. For this
reason adjusted RRs for getting better
are not given for age, and the RRs are
shownseparately for the twoage groups.

In the logistic regression analysis ex¬

amining the 6-month follow-up data, no

significant interactions with treatment
were observed, and only diabetes met
the criteria for confounding. The ad¬
justed OR estimates (Table 6) were 0.74
(95% CI, 0.39 to 1.38; P=.34) for getting
better and 1.96 (95% CI, 0.87 to 4.41;
P=.10) for getting worse (unadjusted
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ORs of 0.65 [95% CI, 0.35 to 1.19] and
2.23 [95% CI, 1.02 to 4.87], respectively).
Although the results are not statisti¬
cally significant, the ORs of 0.74 and
1.96 suggest that surgery provides less
improvement than does careful follow-
up and may be more hazardous.

None of the analyses detected any
indication ofan interaction of treatment
effect with progressive status (defined
in three separate ways). There was no

apparent beneficial effect ofsurgical ex¬
perience; the trend favored less expe¬
rienced surgeons, regardless of which
definition of experience was used.

Visual Fields
There was no beneficial effect of sur¬

gery compared with careful follow-up in
terms of change in mean deviation of
visual field at 3, 6, or 12 months. Treat¬
ment effects (change in mean deviation
in the surgery group minus change in
mean deviation in the careful follow-up
group), adjusted using multiple linear
regression for mean deviation at
randomization, were -1.00 (SE=0.93;
P=.29), -0.18 (SE=1.01; P=M), and
-0.56 (SE=1.17; P=.63) at 3, 6, and 12
months, respectively. A negative treat¬
ment effect indicates that there is a
smaller improvement in mean deviation
in the surgery group than in the careful
follow-up group. When we adjusted for
each ofthe other variables (noted in the
"Methods" section) along with mean de¬
viation at randomization, we found no
interactions with treatment group, and
the adjusted treatment effect was never
statistically significant.
Adverse Events

Patients who received surgery expe¬
rienced both intraoperative and post¬
operative adverse events. One patient
developed central retinal artery occlu¬
sion during surgery and had only light
perception vision at 6 months. The same
proportion of patients whose surgery
lasted longer than 120 minutes as those
whose surgery lasted 30 to 120 minutes
experienced a loss ofthree or more lines
of vision. Two surgical patients experi¬
enced an immediate loss of light per¬
ception following surgery and had loss
of vision that persisted to the 12-month
visit. Two careful follow-up patients had
no light perception at the 6-month follow-
up visit, and one of these had improved
to light perception at 12 months. Pain
was the most common adverse event in
the surgery group (17% at 1 week com¬
pared with 3% in the careful follow-up
group). Diplopia was the next most com¬
mon complication (8% in the surgery
group compared with 1% in the careful
follow-up group at 1 week); by 3 months,
there was no difference in diplopia be-

Table 3.—Characteristics of Participants at Randomization, by Treatment Group*

Patient Characteristics

Treatment Group
 
Careful Follow-up,

No. (%)
(n=122)

Surgery,
No. (%)
(n=115)

Age, y
50-59
60-69
70-79
80-89
=90

19(15.6)
49 (40.2)
42 (34.4)
12 (9.8)

17(14.8)
53(46.1)
34 (29.6)
11 (9.6)

.68

Sex
Male
Female

70 (57.3)
52 (42.6)

65 (56.5)
50 (43.5)

Race
White
Black
Hispanic
Asian
Other

113(92.6)
3 (2.5)
6 (4.9)

113(98.3)

2(1.7) .09

Enrollment type
Regular entry
Late entry

108(88.5)
14(11.5)

89 (77.
26 (22.-16) J .02

Days between onset and randomization
Oto 1

2 to 4

5 to 7

8 to 14
=15

Unknown

15(12.4)
29 (24.0)
67 (55.4)
10(8.3)

1

15(13.0)
17(14.8)
69 (60.0)
14(12.2)

.27

Hypertension
Yes
No
Unknown

63(52.1)
58 (47.5)

1

54 (47.0)
61 (53.0)

0
.43

Diabetes
Yes
No
Unknown

39 (32.2)
82 (67.8)

1

21 (18.3)
94(81.7)

0
.01

Visual acuity at randomizationt
Snellen equivalent Log MAR
20/64 to >20/100 0.50 to <0.70
20/100 to >20/200 0.70 to <1.00
20/200 to >20/800 1.00 to <1.60
20/800 to >CF 1.60to<2.00
CF to no light perception 2=2.0 (off chart)
Unknown

23(19.3)
16(13.5)
42 (35.3)
13(10.9)
25(21.0)

28 (24.6)
26 (22.8)
27 (23.7)
10(8.8)
23 (20.2)

1

.17

Mean deviation at randomizationt
>-3dB
-3 to -5.99 dB
<-5.99 to -20 dB
<-20dB
Unknown

1 (1.0)
3 (2.8)

35 (33.0)
67 (63.2)
16

1 (1.0)
9 (9.0)

32 (32.0)
58 (58.0)
15

*Data as of September 8, 1994.
+Log MAR indicates log of the minimum angle of resolution; CF, able to count fingers; and greater than symbol(>), better than.¿Humphrey Visual Field using StatPac 24-2. Mean deviation is a weighted average of a patient's visual fielddeviations (in decibels [dB]) from a standard set of normal age-specific values.

tween the two groups. No differences
were observed between the two groups
in medical complications during the 12-
month follow-up period.
COMMENT

Optic nerve decompression surgery,
as evaluated in the IONDT, appears to
be of no value to most patients with
NAION and may lead to further visual
deterioration. An unexpectedly high rate

of spontaneous improvement in visual
acuity (42.7%) was observed at 6 months
in the careful follow-up group.

Optic nerve decompression surgery
did not result in improved visual acuity
compared with careful follow-up in pa¬
tients with NAION and was associated
with a lower rate of improvement. At 3,
6, and 12 months of follow-up, patients
receiving surgery had a greater risk of
losing three or more lines ofvision. There
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Table 4.—Association Between Follow-up Visual Acuity and Treatment Group, All Participants*

No. of
Patients

Follow-up Visual Acuity
23 Lines
Better, %

Little
Change, %

==3 Lines
Worse, %

RR (95% Cl)t
2:3 Lines

Better
£3 Lines

Worse
3 months

Careful follow-up
Surgery

109
103

39.5 53.2
27.2 54.4

7.3
18.5

0.69(0.47-1.02)
P=.06

2.51 (1.19-5.30)
P=.02

6 months
Careful follow-up
Surgery

89
92

42.7 44.9
32.6 43.5

12.4
23.9

0.76(0.52-1.12)
P=.16

1.94(1.02-3.69)
P=.04

12 months
Careful follow-up
Surgery

51
51

51.0

29.4 45.1
7.8

25.5
0.71 (0.42-1.22)

P=.22
3.25 (1.23-8.58)

P=.02

*Data as of September 8, 1994.
tRR indicates relative risk; and CI, confidence Interval. Relative risk of getting better=percentage of total surgery patients getting better divided by percentage of total careful

follow-up patients getting better. Relative risk of getting worse=percentage of total surgery patients getting worse divided by percentage of total careful follow-up patients getting
worse.

Table 5.—Association Between Visual Acuity and Treatment Group at 6-Month Follow-up, by Subgroup*

Subgroups

Follow-up Visual Acuity Adjusted RR (95% Cl)t
No. of

Patients
•3 Lines

Better, %
Little

Change, %
£3 Lines
Worse, %

23 Lines
Better

23 Lines
Worse

Age, y(
<65

Careful follow-up
Surgery

265
Careful follow-up
Surgery

35
31

54
61

40.0 48.6 11.4
48.4 32.2 19.4

44.4 42.6 13.0
24.6 49.2 26.2

1.21 (0.70-2.09) 
P=.49

0.55 (0.33-0.94)t
P=.03

1.91 (1.00-3.66)
P=.05

Sex
Male

Careful follow-up
Surgery

Female
Careful follow-up
Surgery

52
49

37
43

34.6 48.1
32.7 40.8

17.3
26.5

54.1 40.5

32.6 46.5
5.4

20.9

0.76(0.52-1.10)
P=.14

2.00(1.04-3.80)
P=.04

Enrollment status
Regular entry

Careful follow-up
Surgery

Late entry ("progressive")
Careful follow-up
Surgery

12
21

44.2
35.2

11.7
26.8

33.3 50.0
23.8 61.9

16.7
14.3

0.79(0.54-1.15)
P=.21

1.96(1.04-3.71)
P=.04

Hypertension
Yes

Careful follow-up
Surgery

No
Careful follow-up
Surgery

45
46

44
46

53.3 35.6
37.0

11.1
19.6

31.8 54.6
28.3 43.4

13.6

28.3

0.77(0.53-1.11)
P=.16

1.93(1.00-3.75)
P=.04

Diabetes
Yes

Careful follow-up
Surgery

No
Careful follow-up
Surgery

31

18

58

74

54.8 35.5
38.9 50.0

9.7
11.1

36.2 50.0
31.1 41.9

13.8
27.0

0.81 (0.55-1.19)
P=.28

1.80(0.93-3.48)
P=.08

Visual acuity at randomization§
Log MAR <2 (on chart)

Careful follow-up
Surgery

Log MAR 22 (off chart)
Careful follow-up
Surgery

72

20

42.3 43.6
27.8

14.1

25.0

50.0 30.0
5.6

20.0

0.76(0.52-1.11)
R=.15

1.95(1.02-3.71)
P=.04

*Data as of September 8, 1994.
tRR indicates relative risk; and CI, confidence interval. Adjusted for subgroup using Mantel-Haenszel method.
¿Relative risk for getting better computed separately for each age group instead of adjusted because there was significant interaction between treatment and age.
§Log MAR indicates log of the minimum angle of resolution.
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Table 6.—Association Between Visual Acuity and Treatment Group at 6-Month Follow-up Adjusted Using
Multiple Logistic Regression Analysis

Odds Ratio (95% Confidence Interval)
Logistic Regression Model =3 Lines Better a3 Lines Worse

Treatment group only, surgery vs careful follow-up 0.65(0.35-1.19) 2.23(1.02-4.87)
Multivariable

Surgery vs careful follow-up 0.74 (0.39-1.38) 1.96(0.87-4.41)
Diabetes, yes vs no 1.83(0.91-3.68) 0.44(0.16-1.25)
Visual acuity at randomization worse by s=3 lines* 1.16(1.00-1.34) 0.83(0.67-1.02)
*Visual acuity is a continuous variable.

was no apparent benefit to IONDT pa¬
tients operated on by more experienced
surgeons, regardless of how we defined
experience. Our findings of no benefit
and possible greater visual loss in the
surgery group were consistent across

subgroups. Adjusted results using pre-
specified variables were consistent with
unadjusted comparisons. We did not de¬
tect any meaningful differences between
groups in medical complications during
the 12-month follow-up period, but the
relatively small size of our study popu¬
lation may have precluded detection of
such differences.

We believe that our failure to observe
a statistically significant difference be¬
tween treatment groups is because sur¬

gery is of no benefit, not because our

sample size is too small. Although it is
impossible to have a statistically signifi¬
cant result supporting any null hypoth¬
esis (of no treatment effect), narrow CIs
around the estimate of an RR or OR,
that include 1.0, increase our belief in
the validity of this result. As part of the
decision to cease recruitment to the
IONDT, the DSMC considered whether
continuing enrollment would increase
the power of the study to detect a pos¬
sible true beneficial effect of surgery.
Assuming we had continued to enroll
and follow-up 135 patients in each arm,
as was originally planned, and 42.7% of
patients in the careful follow-up group
had improved vision at 6 months (Table
4), then even if 100% (all 43) of the sur¬
gery patients yet to be followed up at 6
months showed improvement of three
or more lines of vision, the unadjusted
RR for improved vision would be 1.26
(95% CI, 0.98 to 1.61; P=.07). This cor¬

responds to an overall improvement in
the surgery group of 54%, in contrast
with the 32.6% we have observed. In
addition, our evidence indicates that sur¬

gery may be harmful.
We were unable to demonstrate any

benefit of surgery in IONDT patients
defined as having progressive visual loss.
Although our analyses are based on rela¬
tively small numbers ofpatients, regard¬
less of how we define progressive (12
careful follow-up patients and 21 sur¬

gery patients in the late-entry group; 11
careful follow-up patients and 16 sur-

gery patients in the late-entry subgroup
who worsened three or more lines be¬
fore randomization; and 54 careful follow-
up patients and 45 surgery patients who
perceived a worsening of vision before
randomization), the consistency of our

findings across operational definitions
of progression increases our confidence
in this conclusion. We recognize that
our definitions ofprogressive status may
be limited yet have been unable to iden¬
tify preferable definitions.

Our most encouraging finding was the
high percentage of patients in the care¬
ful follow-up group who had visual acu¬

ity improvement. A total of 42.7% of
patients in this group improved by three
or more lines over baseline evaluation
within 6 months. This improvement is
greater than indicated in the literature
before 1989,7,8 when favorable results
from ONDS were first reported. With
one exception,17 spontaneous improve¬
ment in NAION was reported to be less
than 10%, independent of how improve¬
ment was defined. Subsequent case se¬
ries published since 1989,18"20 have re¬

ported higher rates of improvement,
some as high as 33%. One reason for the
high rate of improvement that we ob¬
served may be that we excluded pa¬
tients with vision better than 20/64,
whereas other studies did not; some pa¬
tients in other studies may have had
such good vision at baseline that it was
not possible for them to improve their
visual acuity by two or more lines. An¬
other possible reason is that prior stud¬
ies may have excluded patients from the
analyses, thereby affecting the estimate
of proportion improved. Finally, follow-
up times in prior studies varied and may
have been insufficient in some cases to
observe improvement.

The observed improvement in the
careful follow-up group and the poten¬
tial harm to vision from surgery evident
in the IONDT lead us to recommend
that ONDS be abandoned for patients
with NAION. Although we are encour¬
aged by the high proportion of patients
who experience some spontaneous im¬
provement, NAION remains a condi¬
tion that has an unknown etiology and
no known means of effective prevention
or treatment. Future research must fo-

cus on increasing our understanding of
factors leading to development of
NAION and factors associated with
prognosis. By achieving a better under¬
standing of the pathophysiology and
natural history of the disease, effective
prevention and treatment strategies
may be developed.
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