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IMPORTANCE Acetazolamide is commonly used to treat idiopathic intracranial hypertension Supplemental content at
(IIH), but there is insufficient information to establish an evidence base for its use. jama.com

OBJECTIVE To determine whether acetazolamide is beneficial in improving vision when
added to a low-sodium weight reduction diet in patients with IIH and mild visual loss.

DESIGN, SETTING, AND PARTICIPANTS Multicenter, randomized, double-masked,
placebo-controlled study of acetazolamide in 165 participants with [IH and mild visual loss
who received a low-sodium weight-reduction diet. Participants were enrolled at 38 academic
and private practice sites in North America from March 2010 to November 2012 and followed
up for 6 months (last visit in June 2013). All participants met the modified Dandy criteria for
IIH and had a perimetric mean deviation (PMD) between -2 dB and -7 dB. The mean age was
29 years and all but 4 participants were women.

INTERVENTIONS Low-sodium weight-reduction diet plus the maximally tolerated dosage of
acetazolamide (up to 4 g/d) or matching placebo for 6 months.

MAIN OUTCOMES AND MEASURES The planned primary outcome variable was the change in
PMD from baseline to month 6 in the most affected eye, as measured by Humphrey Field
Analyzer. Perimetric mean deviation is a measure of global visual field loss (mean deviation
from age-corrected normal values), with a range of 2 to -32 dB; larger negative values
indicate greater vision loss. Secondary outcome variables included changes in papilledema
grade, quality of life (Visual Function Questionnaire 25 [VFQ-25] and 36-Item Short Form
Health Survey), headache disability, and weight at month 6.

RESULTS The meanimprovement in PMD was greater with acetazolamide (1.43 dB, from -3.53
dB at baseline to -2.10 dB at month 6; n = 86) than with placebo (0.71dB, from -3.53 dB to -2.82
dB; n = 79); the difference was 0.71dB (95% Cl, 0 to 1.43 dB; P = .050). Mean improvements in
papilledema grade (acetazolamide: -1.31, from 2.76 to 1.45; placebo: -0.61, from 2.76 to 2.15;
treatment effect, -0.70; 95% Cl, -0.99 to -0.41; P < .001) and vision-related quality of life as
measured by the National Eye Institute VFQ-25 (acetazolamide: 8.33, from 82.97 to 91.30;
placebo: 1.98, from 82.97 to 84.95; treatment effect, 6.35; 95% Cl, 2.22 t0 10.47; P = .003) and
its 10-item neuro-ophthalmic supplement (acetazolamide: 9.82, from 75.45 to 85.27; placebo:
1.59, from 75.45 to 77.04; treatment effect, 8.23; 95% Cl, 3.89 t0 12.56; P < .001) were also
observed with acetazolamide. Participants assigned to acetazolamide also experienced a
reduction in weight (acetazolamide: -7.50 kg, from 107.72 kg to 100.22 kg; placebo: -3.45 kg,
from 107.72 kg to 104.27 kg; treatment effect, -4.05 kg, 95% Cl, -6.27 to -1.83 kg; P < .001).

CONCLUSIONS AND RELEVANCE In patients with IIH and mild visual loss, the use of

acetazolamide with a low-sodium weight-reduction diet compared with diet alone resulted in The Authors/Writing Committee

and other collaborators of the

modest improvement in visual field function. The clinical importance of this improvement NORDIC Idiopathic Intracranial

remains to be determined. Hypertension Study Group are
listed at the end of this article.
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diopathic intracranial hypertension (ITH) is a disorder pri-

marily of overweight women of childbearing age, charac-

terized by increased intracranial pressure with its associ-
ated signs and symptoms, including debilitating headaches and
vision loss in an alert and oriented patient. Neuroimaging and
cerebrospinal fluid (CSF) analysis results are normal except for
increased intracranial pressure. Also, no secondary cause of
intracranial hypertension is apparent. The above features com-
pose the modified Dandy criteria for ITH (eTable 1 in the
Supplement).*

Treatment with weight-loss intervention in uncon-
trolled studies appears to be important, with as little as 6%
reduction reported to be effective.?* Surgical treatments
have evolved from subtemporal decompression* to CSF
shunting procedures®-®
and optic nerve sheath
fenestration.”-® Pharma-
cologic therapies for ITH
began with the 1961
article by Paterson et al®
reporting beneficial re-
sults with corticoste-
roids. Long-term adverse effects and rebound intracranial
hypertension limit their use. Jefferson and Clark'® treated
30 patients with various diuretics and reported improve-
ment in symptoms and signs.

Lubow and Kuhr' reported a series of patients with IIH,
many of whom were treated successfully with acetazolamide
and weight reduction. Data on the dosage of acetazolamide,
however, are based on limited experience. Giicer and
Viernstein'? used intracranial pressure monitoring and showed
gradual CSF pressure reduction in patients receiving acetazol-
amide once they reached a dosage of 4 g/d. These studies were
uncontrolled, and to our knowledge there are no properly de-
signed clinical trials to guide therapy in IIH."

Because the efficacy of pharmacologic therapy has not
been adequately studied, the Neuro-Ophthalmology Re-
search Disease Investigator Consortium (NORDIC) ITH Study
Group developed the Idiopathic Intracranial Hypertension
Treatment Trial, a multicenter, double-masked, randomized,
placebo-controlled study of acetazolamide in participants with
mild visual loss. All participants received a lifestyle modifica-
tion program that focused on weight reduction with a low-
sodium diet because this intervention is widely accepted in
practice and there was no equipoise regarding its use. The pur-
pose of the trial was to determine the effect of acetazolamide
in reducing or reversing visual loss after 6 months of treat-
ment when added to a weight-reduction program.'4

CSF cerebrospinal fluid

IIH idiopathic intracranial
hypertension

MMRM mixed model repeated
measures

PMD perimetric mean deviation

Methods

Participants

The study was approved by the institutional review board at
each site and individual written informed consent was ob-
tained. eTable 2 in the Supplement outlines the major eligi-
bility criteria for the Idiopathic Intracranial Hypertension Treat-
ment Trial. Participants aged 18-60 years were eligible if they
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met the modified Dandy criteria (eTable 1in the Supplement)*
and had reproducible mild visual loss (-2 to -7 dB perimetric
mean deviation [PMD]). We chose an upper limit of -2 dB so
that participants would have some room to improve; -7 dB was
chosen as a lower limit to maintain clinical equipoise because
enough investigators believed that surgical treatments were
necessary for participants with more severe visual loss. Par-
ticipants needed to have bilateral papilledema, have an el-
evated CSF opening pressure, be untreated with regard to ITH,
and have no secondary cause of increased intracranial pres-
sure present; other entry criteria are found in eTable 2 in the
Supplement.

Randomization and Masking

Participants were enrolled at 38 sites in North America from
March 2010 to November 2012, with follow-up ending in June
2013. They were randomly assigned to receive a supervised diet
either with acetazolamide or with matching placebo. Random-
ization was stratified by site and included blocking to ensure
balance among the treatment groups within a site after every
4 participants had been enrolled at that site. The only indi-
viduals with access to the treatment assignments during the
trial before database lock were an unmasked programmer who
generated the randomization plan, an unmasked statistician
who served as a liaison with the independent data and safety
monitoring board, and unmasked staff responsible for pack-
aging and labeling of study drug. These individuals did not
communicate with any other staff involved in the trial about
study-related matters. Further details concerning randomiza-
tion and masking are presented in the eMethods in the Supple-
ment.

Intervention

A specific dietary plan and lifestyle modification program
was offered to all study participants through the New York
Obesity Nutrition Research Center; this is described in the
eMethods in the Supplement.

The study drug was acetazolamide (250 mg) or matching
placebo tablets. The initial dosage of study drug was 4 tablets
daily in 2 divided doses, followed by dosage increases of 1 tab-
let every week up to a maximum dosage of 4 g/d for partici-
pants receiving acetazolamide. We chose this maximum dos-
age because increasing dosages of acetazolamide with
concomitant intracranial pressure monitoring showed gradual
CSF pressure reduction once participants reached a dosage of
4 g/d." The dosage escalation was stopped if the partici-
pant’s papilledema grade (Frisén scale)'>'® became less than
1inboth eyes and the PMD improved to equal to or better than
-1dBin each eye, unless the presence of other symptoms such
as headache or pulse synchronous tinnitus suggested that the
dosage escalation continue. Participants who were unable to
tolerate the study drug could gradually decrease the dosage
to a minimum of one-half tablet daily. Participants who dis-
continued study drug continued to be followed up, if willing,
for the planned 6-month duration.

Treatment failure was defined when a participant with
baseline PMD up to —3.5 dB had visual function worsen by more
than 2 dB PMD from baseline in either eye, or when a partici-
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pant with baseline PMD between -3.5 dB and -7 dB had vi-
sual function worsen by more than 3 dB PMD from baseline in
either eye, confirmed by a second perimetric examination. An
adjudication committee, using all available clinical informa-
tion, needed to confirm that the worsening was most likely due
to uncontrolled intracranial pressure and progression of ITH.
Participants who experienced treatment failure were with-
drawn from further participation in the trial and referred to
their physicians for further treatment.

Evaluations

Participants had visits at screening, baseline, and 1, 2, 3, 4.5,
and 6 months after baseline. Evaluations performed at screen-
ing and baseline included a medical history and physical and
neurologic examinations, urine pregnancy test, vital signs,
complete blood cell count and blood chemistry panel with elec-
trolyte levels, and an ophthalmologic examination. Magnetic
resonance imaging was performed within 2 months of enroll-
ment, and a diagnostic lumbar puncture was performed, in-
cluding opening pressure measurement and CSF cell count,
glucose, and protein measurements. Race and ethnicity
information, with categories defined using National Insti-
tutes of Health guidelines, was obtained by the investigator
during the screening process in consultation with the partici-
pant.

Participants had automated perimetry in both eyes with
Humphrey Field Analyzer SITA Standard program 24-2. The
testing was performed by a technician certified by the Visual
Field Reading Center. Each participant had at least 2 initial vi-
sual field examinations conducted at least 30 minutes apart.
Because removal of spinal fluid may temporarily improve vi-
sual function in ITH, we required at least 1 visual field exami-
nation to be conducted after the lumbar puncture and for the
participant to have 2 visual field examinations whose results
for PMD and shape of defects were in agreement. The 2 PMD
measurements at baseline were averaged.

The papilledema grade (Frisén scale)'*:'® was docu-
mented by the Photographic Reading Center with fundus pho-
tographs and by the site investigator; values range from 0 (nor-
mal) to 5 (severe papilledema). A best corrected visual acuity,
using trial lenses mounted in spectacles, was measured with
Early Treatment of Diabetic Retinopathy Study charts. Vision-
related quality of life was assessed with the National Eye In-
stitute Visual Function Questionnaire 25 (VFQ-25) and its 10-
item neuro-ophthalmic supplement'”*8; a 4- to 6-point change
in VFQ-25 scores is clinically meaningful.’® Generic health-
related quality of life was assessed with the 36-Item Short Form
Health Survey.?° Quality-of-life scores range from 0 to 100, with
higher scores indicating better quality of life. The 6-item Head-
ache Impact Test (HIT-6) Inventory** was used to assess head-
ache effect; scores range from 36 to 78, with higher scores in-
dicating worse headache severity.

Assessment of vital signs, ophthalmologic examination,
visual acuity testing, perimetry, and papilledema evaluation
were performed at each follow-up visit. The blood chemistry
panel result was obtained at months 1, 2, 3, and 6 and the com-
plete blood cell count was obtained at months 3and 6. The qual-
ity-of-life questionnaire and HIT-6 Inventory results were ob-
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tained at month 6. All participants were encouraged to have a
second lumbar puncture for CSF pressure measurement at
month 6.

Outcome Variables

The primary outcome variable was the change in PMD from
baseline to month 6 in the eye with the most severe visual loss
at baseline (study eye). With standard automated perimetry,
stimulus light intensity is defined on a logarithmic scale in deci-
bel units. The perimeters used in the study estimated light in-
tensity thresholds at 54 test locations over a 50-dB range
(10 000-0.1asb [apostilbs, a measure of light intensity]) within
the central 21 degrees of the visual field. Perimetric mean de-
viation, a summary statistic of overall visual field loss, was cal-
culated by the perimeter software (Humphrey Statpac; Zeiss
Humphrey Systems). The normal range varies with age, with
the 95th percentile falling between -1 and -2 dB. Secondary
outcome variables included changes from baseline to month
6 in PMD in the eye with the least severe visual loss at base-
line (fellow eye), papilledema grade, CSF pressure, visual acu-
ity (number of correct letters), quality of life and HIT-6 Inven-
tory outcomes, weight, vital signs, and laboratory test results.
Additional secondary outcome variables, determined at month
6, included presence of headache and treatment failure. Ad-
verse events and laboratory test abnormalities were also ex-
amined.

Sample Size Determination

Preliminary data from the NORDIC ITH Study Group were used
to estimate the standard deviation of the primary outcome vari-
able, 6-month change in PMD. Data on changes in PMD dur-
ing a period of 6.4 months (SD, 1.9 months) were available for
37 patients with mild visual loss (-2 dB to -7 dB). In the most
affected eye, the mean change in PMD was 0.82 dB (SD, 2.35
dB). Under the assumption of a standard deviation of 2.35 dB,
an initial sample size 0f 140 participants (70 per group) was cho-
sen to provide 90% power to detect a group difference in mean
change of 1.3 dB, using a t test and a significance level of 5%
(2-tailed). This was increased to 154 participants (77 per group)
to account for an anticipated withdrawal rate of approxi-
mately 10%. Monitoring of the withdrawal rate during the trial
revealed this rate to be higher than anticipated, and the final
sample size was inflated to 165 participants. Justification for
the chosen effect size of 1.3 dB is provided in the eMethods in
the Supplement.

Statistical Analysis

The primary analyses were performed according to the inten-
tion-to-treat principle (with the exception that follow-up ceased
for participants experiencing treatment failure) and included
all available data from all randomized participants. The pri-
mary statistical analysis used an analysis of covariance model
with treatment group as the factor of interest, center as a strati-
fication factor, and baseline PMD and papilledema grade in the
study eye as covariates. This model was used to compare the
adjusted treatment group means (¢ test) and to determine a 95%
CI for the adjusted treatment group difference in mean re-
sponse (treatment effect) at month 6. Missing data were ac-
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Table 1. Baseline Characteristics by Treatment Group

No. (%)
Acetazolamide Placebo
Variable (n=86) (n=79)
Age, mean (SD), y 28.2 (6.9) 30.0 (8.0)
Female sex 84 (97.7) 77 (97.5)
Race
White 54 (62.8) 54 (68.4)
Black 25 (29.1) 16 (20.3)
Mixed/other 4 (4.6) 2(2.5)
Not reported 3(3.5) 7 (8.9)
Weight, mean (SD), kg 108.1 (25.6) 107.3 (24.5)
Body mass index, mean (SD)? 40.0 (8.5) 39.9 (8.1)
Weight change in the past 6 mo, mean (SD), kg 10.7 (16.7) 8.8 (16.9)
Transient visual obscurations 55 (63.9) 57 (72.1)
Diplopia 20 (23.3) 16 (20.2)
Constant visual loss 25 (29.1) 28 (35.4)
Photophobia 42 (48.8) 37 (46.8)
Headache 70 (81.4) 69 (87.3)
Pulsatile tinnitus 45 (52.3) 41 (51.9)
Perimetric mean deviation, mean (SD), dB
Study eye -3.5(1.2) -3.5(1.1)
Fellow eye -2.3(1.1) -2.3(1.1)
Papilledema grade (fundus photography)®
Study eye
1 8(9.3) 12 (15.2)
2 32 (37.2) 23(29.1)
3 20 (23.3) 20 (25.3)
4 24 (27.9) 21 (26.6)
5 2(2.3) 3(3.8)
Fellow eye Abbreviations: CSF, cerebrospinal
1 15 (17.4) 14 (17.7) fluid; HIT-6, 6-ltem Headache Impact
Test; SF-36, 36-Item Short Form
2 33 (38.4) 28 (35.4) Health Survey; VFQ, Visual Function
3 19 (22.1) 21 (26.6) Questionnaire.
4 19 (22.1) 14 (17.7) ?Body mass index is calculated as
5 0 2 (2.5) weight in kilograms divided by height
in meters squared.
Visual acuity (No. of correct letters), mean (SD) e < . i
Frisén papilledema grade is an
Study eye 56.8 (5.1) 55.6 (5.9) ordinal scale that uses ocular fundus
Fellow eye 58.3 (4.3) 56.2 (6.4) features to rate the severity of
HIT-6 total score, mean (SD)" 60.3 (8.7) 59.1(9.3) papilledema; grade O indicates no
features of papilledema and grade 5
CSF pressure, mean (SD), mm H,0 348.9 (94.1) 342.0 (70.7) indicates severe papilledema.
VFQ-25, mean (SD) Score ranges are as follows: HIT-6
Total score 83.8 (14.1) 82.1(13.4) total score: 36-78 (higher scores
T ) . indicate greater headache severity);
10-item neuro-ophthalmic supplement total score 75.8 (15.4) 75.0 (13.7) VFQ-25 total score, VFQ-25 10-item
SF-36 component summary score, mean (SD)* neuro-ophthalmic supplement total
Physical 45.4 (9.8) 46.3 (8.2) score, and SF-36 summary scores:
Mental 45.2 (11.8) 44.0 (13.3) 0-100 (higher scores indicate better

quality of life).

commodated in the analysis with multiple imputation. De-
tails concerning the multiple imputation algorithm are
provided in the eMethods. A significance level of 5% (2-tailed)
was used for hypothesis testing.

A secondary analysis of the primary outcome variable used
arepeated-measures analysis of covariance model (ie, the so-
called mixed model repeated measures [MMRM] analysis
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strategy®?) that included treatment group as the factor of in-
terest, center as a stratification factor, and baseline PMD and
papilledema grade in the study eye as covariates. The model
also included terms for visit (categorical), the interaction be-
tween baseline PMD and visit, and the interaction between
treatment group and visit. The covariance matrix for the within-
subject observations was modeled with an unstructured pat-
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Figure 1. Participant Disposition and Flow Through the Trial (CONSORT Diagram)

317 Individuals were assessed for eligibility

152 Excluded

120 Did not meet eligibility criteria
70 PMD outside eligible range
17 Unreliable visual field testing
5 CSF pressure too low
28 Other
23 Declined to participate
9 Other reasons

165 Randomized

86 Randomized to receive acetazolamide
86 Received acetazolamide as randomized

79 Randomized to receive placebo
79 Received placebo as randomized

|

!

69 Completed follow-up

62 Continued taking acetazolamide

7 Discontinued study intervention

16 Withdrawn

6 Lost to follow-up?

4 Withdrew consent

3 Time commitment

1 Desired active treatment

1 Moved

57 Completed follow-up
56 Continued taking placebo
1 Discontinued study drug
16 Withdrawn
9 Lost to follow-up
5 Time commitment
1 Adverse event
1 Needed disallowed medication
6 Treatment failure

2Two participants who were lost to
follow-up had previously
discontinued the study intervention.

1 Treatment failure later adjudicated
to be performance failureP
1 Treatment failure

v

bA performance failure is a worsening
of perimetry test results due to lack
of effort, attention, or concentration

86 Included in the primary analysis

79 Included in the primary analysis

characterized by examination
inconsistencies and unreproducible

results.

tern. A third analysis was performed that was identical to the
primary analysis but carried forward the last observed PMD
value for participants who reached the end point of treat-
ment failure.

A prespecified analysis of the PMD outcome was per-
formed thatincluded all eyes (study eyes and fellow eyes) that
satisfied the criterion of having a baseline value between -2
dB and -7 dB. An MMRM strategy of analysis was used as in
the secondary analysis of the primary outcome variable, ex-
cept that it also accommodated nonzero correlation between
the within-subject outcomes for the study and fellow eyes.

Interactions between treatment group and selected base-
line variables (age, race, baseline PMD in the study eye, pap-
illedema grade in the study eye, weight change in the previ-
ous 6 months, and constant visual loss) were examined
separately for the primary outcome variable by adding the ap-
propriate main effect and interaction terms to the statistical
model, using the MMRM analysis strategy.

Continuous secondary outcome variables for efficacy were
analyzed in a manner similar to that for the primary outcome
variable, using analysis of covariance and multiple imputa-
tion to accommodate missing data. The baseline value of the
outcome variable was used as a covariate in the statistical
model instead of the baseline PMD. Vital signs, weight, and
laboratory test results were analyzed with the MMRM analy-
sis strategy but did not include adjustment for center. Be-
cause of the large amount of missing data at month 6 for CSF
pressure, this was analyzed with analysis of covariance, ad-
justing for the baseline value with no imputation for missing
data. For presence of headache, a logistic regression model was

jama.com

used to assess treatment effects. This model included treat-
ment group as the factor of interest and baseline PMD and the
baseline value of the outcome variable as covariates. Missing
data were accommodated with a multiple imputation algo-
rithm described in the eMethods in the Supplement.

Further details concerning the statistical analyses can
be found in the eMethods, including a mediation analysis of
the primary outcome variable to determine the degree to
which the effect of acetazolamide on PMD was mediated by
its effect on weight. The mediation analysis was performed
with Mplus version 5.2. All other statistical analyses used
SAS version 9.3.

. |
Results

We enrolled 161 women and 4 men. Their average age was 29
years (range, 18-52 years). The baseline characteristics were
comparable in the 2 treatment groups (Table 1); additional base-
line information is published elsewhere.?? Participant dispo-
sition is summarized in Figure 1. Sixty-nine of the 86 partici-
pants (80%) in the acetazolamide group completed follow-up
compared with 57 of the 79 participants (72%) in the placebo
group. Sixteen participants in each treatment group with-
drew from the trial, mainly because of loss to follow-up and
time commitment problems (Figure 1). There were 7 partici-
pants who reached the end point of treatment failure in the
trial, 6 in the placebo group and 1in the acetazolamide group
(P = .06). Ten participants permanently discontinued the study
drug during the trial, 9 in the acetazolamide group (7 of whom
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Figure 2. Adjusted Mean Change in Perimetric Mean Deviation (PMD) Over Time by Treatment Group

Numbers of patients reflect those
contributing PMD data in each group

at each time point.The adjusted
means were obtained from an
analysis of covariance model that

included center, baseline papilledema
grade (study eye), and baseline PMD
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Table 2. Treatment Effects on the Primary Outcome Variable, Change From Baseline to Month 6 in Perimetric

Mean Deviation (PMD) in the Study Eye

Adjusted Mean (SE), dB?

Acetazolamide Placebo

Treatment Effect

(95% Cl) P Value

Missing data accommodated with multiple imputation

Baseline to -3.53(0.09) to -2.10 (0.24) -3.53(0.09) to -2.82 (0.09
month 6 t00.28)
Change 1.43 (0.24) 0.71 (0.28)

Missing data accommodated with MMRM

Baseline to -3.53(0.09) t0 -2.02 (0.24)  -3.53(0.09) to -2.89 (0.26)
month 6
Change 1.51 (0.24) 0.64 (0.26)

Missing data accommodated with multiple imputation except LOCF imputation used for treatment failures

Baseline to -3.53(0.09) t0 -2.06 (0.29)  -3.53(0.09) to -3.25 (0.30)
month 6
Change 1.47 (0.29) 0.28 (0.30)

0.71 (0 to 1.43) .050

Abbreviations: LOCF, last observation
carried forward; MMRM, mixed
model repeated measures.

0.87 (0.19 to 1.56) 01 2 Values are mean changes (in

decibels) from baseline to month 6
in PMD in the study eye, adjusted
for center, baseline PMD in the
study eye, and baseline papilledema

) (000 A0 007 grade in the study eye.

completed follow-up) and 1 in the placebo group (who com-
pleted follow-up). Eight of the drug discontinuations were due
to adverse events, and the other 2 (both in the acetazolamide
group) were due to pregnancy and the desire to become preg-
nant.

Both treatment groups experienced improvement in PMD
over time in the study eye (Figure 2), with the mean improve-
ment in the acetazolamide group being significantly larger than
that in the placebo group at month 6 (acetazolamide: 1.43 dB,
from -3.53 dB at baseline to -2.10 dB at month 6; placebo: 0.71
dB, from -3.53 dB at baseline to -2.82 dB at month 6; treat-
ment effect, 0.71 dB; 95% CI, 0 to 1.43 dB; P = .050) (Table 2).
Secondary analyses of the primary outcome variable using dif-
ferent strategies for accommodating missing data yielded simi-
lar results (Table 2). Perimetric mean deviation in the fellow
eye also improved with acetazolamide treatment at month 6
(acetazolamide: 0.87 dB, from -2.28 dB to -1.41 dB; placebo:
0.42 dB, from -2.28 dB to -1.86 dB; treatment effect, 0.44 dB;
95% CI, 0.01 to 0.87 dB; P = .045) (Table 3). An analysis that
included all eyes that had a PMD between -2 dB and -7 dB at
baseline (165 study eyes and 96 fellow eyes) also yielded a sig-
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nificant effect of acetazolamide at month 6 (acetazolamide: 1.47
dB, from -3.33 dB to -1.86 dB; placebo: 0.81 dB, from -3.33 dB
to -2.52 dB; treatment effect, 0.66 dB; 95% CI, 0.16 to 1.17 dB;
P =.01).

The treatment effect on the primary outcome variable was
substantially greater in participants with a baseline papill-
edema grade of 3-5 (2.27 dB) than in those with a baseline pap-
illedema grade of 1-2 (-0.67 dB) (eTable 3 in the Supplement).

There was significant improvement in Frisén papill-
edema grade associated with acetazolamide treatment in the
study eye and in the fellow eye for both the fundus photogra-
phy and site investigator ratings (Table 3). Acetazolamide-
treated participants also experienced significant improve-
ment in quality-of-life measures, including the VFQ-25 total
score (acetazolamide: 8.33, from 82.97 to 91.30; placebo: 1.98,
from 82.97 to 84.95; treatment effect, 6.35; 95% CI, 2.22t010.47;
P =.003) and its 10-item neuro-ophthalmic supplement (ac-
etazolamide: 9.82, from 75.45 to 85.27; placebo: 1.59, from 75.45
to 77.04; treatment effect, 8.23; 95% CI, 3.89t0 12.56; P < .001),
as well as the 36-Item Short Form Health Survey Physical Com-
ponent Summary and Mental Component Summary scores
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(Table 3). No significant treatment effects were noted with re-
spect to headache disability (HIT-6 total score) or visual acu-
ity (Table 3). At month 6, headaches were reported by 69% of
participants in the acetazolamide group and 68% of partici-
pants in the placebo group (adjusted odds ratio, 1.10; 95% CI,
0.53t02.28; P = .80).

Original Investigation Research

Only 85 participants (47 [55%] in the acetazolamide
group and 38 [48%] in the placebo group) agreed to a lumbar
puncture at month 6. The adjusted mean change in CSF pres-
sure was -112.3 mm H,O (from 357.2 mm H,O at baseline to
244.9 mm H,O at month 6) in the acetazolamide group and
-52.4 mm H,O0 (from 357.2 mm H,O at baseline to 304.8 mm

Table 3. Treatment Effects on Secondary Outcome Variables

Adjusted Mean (SE)?

Treatment Effect

Variable Acetazolamide Placebo (95% Cl) P Value
PMD, fellow eye, dB
Baseline to month 6 -2.28 (0.09) to -1.41 (0.15) -2.28(0.09) to -1.86 (0.17)
Change 0.87 (0.15) 0.42 (0.17) 0.44 (0.01 to 0.87) .045
Papilledema grade (fundus photography)
Study eye
Baseline to month 6 2.76 (0.08) to 1.45 (0.11) 2.76 (0.08) t0 2.15(0.11)
Change -1.31(0.11) -0.61 (0.11) -0.70 (-1.00 to -0.40) <.001
Fellow eye
Baseline to month 6 2.50(0.08) to 1.36 (0.10) 2.50(0.08) to 1.98 (0.10)
Change -1.14 (0.10) -0.52 (0.11) -0.62 (-0.91 to -0.32) <.001
Papilledema grade (site investigator rating)
Study eye
Baseline to month 6 2.60 (0.09) to 0.85 (0.13) 2.60(0.09) to 1.75 (0.14)
Change -1.75(0.13) -0.85(0.14) -0.91 (-1.27 to -0.54) <.001
Fellow eye
Baseline to month 6 2.32(0.09) t0 0.68 (0.11) 2.32(0.09) to 1.56 (0.12)
Change -1.64 (0.11) -0.76 (0.12) -0.88 (-1.19 to -0.58) <.001
VFQ-25
Total score
Baseline to month 6 82.97 (1.08) t091.30 (1.47) 82.97 (1.08) to 84.95 (1.53)
Change 8.33(1.47) 1.98 (1.53) 6.35(2.22 to 10.47) .003
10-Item neuro-ophthalmic
supplement
Baseline to month 6 75.45 (1.14) to 85.27 (1.55) 75.45 (1.14) t0 77.04 (1.62)
Change 9.82 (1.55) 1.59 (1.62) 8.23 (3.89 to 12.56) <.001
SF-36
PCS
Baseline to month 6 45.82 (0.70) t0 51.66 (1.01) 45.82 (0.70) to 48.64 (1.03)
Change 5.84 (1.01) 2.82 (1.03) 3.02 (0.34 t0 5.70) .03
MCS
Baseline to month 6 44.61(0.98) t0 50.23 (1.16) 44.61 (0.98) t0 46.78 (1.16)
Change 5.62 (1.16) 2.17 (1.17) 3.45 (0.35 to 6.55) .03
HIT-6 total score
Baseline to month 6 59.70 (0.70) to 50.14 (1.05) 59.70 (0.70) to 50.59 (1.14)
Change -9.56 (1.05) -9.11 (1.14) -0.45 (-3.50 to 2.60) 77
Visual acuity
Study eye
Baseline to month 6 56.26 (0.43) to 58.91 (0.49) 56.26 (0.43) to 58.90 (0.49)
Change 2.65 (0.49) 2.64 (0.51) 0.01 (-1.45 to 1.46) .99
Fellow eye
Baseline to month 6 57.28 (0.43) t0 59.38 (0.49) 57.28 (0.43) t0 59.01 (0.51)
Change 2.10 (0.49) 1.73 (0.51) 0.37 (-1.17 to 1.90) .64

Abbreviations: MCS, Mental Component Summary; PCS, Physical Component
Summary; PMD, perimetric mean deviation; SF-36, 36-ltem Short Form Health
Survey; VFQ, Visual Function Questionnaire.

2 Values are mean changes from baseline to month 6, adjusted for center, the
baseline value of the outcome variable, and baseline papilledema grade in the
study eye.
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Table 4. Adverse Events by Treatment Group?

1648

Acetazolamide Placebo
(n=86) (n=79)
Participants, Participants,
Event No. (%) Events, No. No. (%) Events, No. P Value®
Elevated ALT 6(7.0) 6 3(3.8) 4 .50
Decreased CO, 9 (10.5) 9 0 0 .003
Diarrhea 12 (14.0) 14 3(3.8) 4 .03
Dizziness 8(9.3) 11 3(3.8) 4 .22
Dysgeusia 13 (15.1) 13 0 0 <.001
Dyspepsia 7(8.1) 8 1(1.3) 1 07 Abbreviations: ALT, alanine
aminotransferase; LP, lumbar
Dyspnea 7 (8.1) 8 2(2.5) 2 17 puncture.
Fatigue 14 (16.3) 16 1(1.3) 1 <.001 2Values reported are the numbers
Headache 13 (15.1) 17 11 (13.9) 16 >.99 (percentages) of participants
Nasopharyngitis 5(5.8) 6 8(10.1) 11 39 experiencing the event at least once
after the baseline visit; total
Nausea 26 (30.2) 30 10 (12.7) 10 .008 numbers of events are also
Paresthesia 41 (47.7) 51 5(6.3) 6 <.001 provided. Events occurring in at
Post-LP syndrome 5 (5.8) 9 6 (7.6) 9 76 least 5% of study participants are
’ ’ ’ listed.
R.ash — 7@ 8 225 2 17 b From Fisher exact test comparing
Sinusitis 3(3.5) 3 6 (7.6) 7 31 the treatment groups with respect
Tinnitus 11 (12.8) 12 3(3.8) 3 .05 to the percentage of participants
Ve i 12 (14.0) 13 3(3.8) 3 03 experiencing the event at least once

after the baseline visit.

H,O at month 6) in the placebo group (treatment effect, -59.9
mm H,0; 95% CI, -96.4 to —-23.4 mm H,0; P = .002). Partici-
pants receiving acetazolamide lost more weight during 6
months (mean, -7.50 kg, from 107.72 kg to 100.22 kg) than
those receiving placebo (mean, -3.45 kg, from 107.72 kg to
104.27 kg) (treatment effect, -4.05 kg; 95% CI, -6.27 to
-1.83 kg; P < .001) (eTable 4 in the Supplement). Acetazol-
amide also led to reductions in waist circumference and sys-
tolic and diastolic blood pressure (eTable 4). In the mediation
analysis, the total effect of acetazolamide on PMD in the
study eye was estimated to be 0.75 dB (95% CI, 0.06 to 1.44
dB; P = .03), with the direct effect being 0.72 dB (95% CI, 0.02
to 1.42 dB; P = .04) and the indirect effect (that mediated
through the effect on weight) being only 0.03 dB (95% CI,
-0.10 t0 0.16 dB; P = .64).

Adverse events that occurred in greater than 5% of study
participants are summarized in Table 4. Events that occurred
significantly more frequently in the acetazolamide group in-
cluded paresthesia, dysgeusia, fatigue, decreased carbon di-
oxide level, nausea, vomiting, diarrhea, and tinnitus. Nine par-
ticipants had adverse events that were classified as serious.
Three of the participants were in the placebo group, 2 of whom
experienced rapidly failing vision requiring hospitalization and
treatment with optic nerve sheath fenestration (both de-
clared to have reached the end point of treatment failure) and
another who was hospitalized with pneumonia. In the acet-
azolamide group, the 6 events included hospitalizations for re-
nal impairment, transaminitis, elevated lipase with pancre-
atitis, and diverticulitis. The other 2 serious adverse events
included an allergic reaction of unknown origin and hypoka-
lemia. As expected, acetazolamide-treated participants had a
marked decrease in mean carbon dioxide level and a marked
increase in mean chloride level compared with placebo-
treated participants (eTable 5 in the Supplement). A mild de-

JAMA  April 23/30, 2014 Volume 311, Number 16

crease in mean potassium level was also observed with acet-
azolamide but did not require potassium supplementation in
any participants. No significant changes in sodium levels or in
liver function test results were apparent with acetazolamide,
except for the case noted above.

Average adherence (as measured by counts of dispensed
and returned pills) was 89% (SD, 19%) in the acetazolamide
group and 93% (SD, 14%) in the placebo group. The mean dos-
age of study medication that participants were receiving at the
conclusion of their participation was 2.5 g (SD, 1.5 g) in the ac-
etazolamide group and 3.5 g (SD, 1.1 g) in the placebo group.
More detailed information on each participant’s final dosage
is provided in eTable 6 in the Supplement.

|
Discussion

This is the first multicenter, double-blind, randomized, con-
trolled clinical trial, to our knowledge, to show that acetazol-
amide improves visual outcome in ITH. Our results apply to par-
ticipants with mild visual loss defined as having a PMD from
-2to -7dB. They also apply in the setting of a concurrent low-
sodium weight reduction diet.

The treatment effect on PMD was 2.94 dB greater in par-
ticipants with a papilledema grade greater than or equal to 3
atbaseline (2.27 dB) than in those with lower grades (-0.67dB),
which may be due to more affected eyes having more capac-
ity for improvement with acetazolamide treatment; the dif-
ferential treatment effect was more apparent for subgroups de-
fined by papilledema grade than for those defined by PMD in
the study eye. It might also relate to improved visual func-
tion and improved axoplasmic flow.

Acetazolamide treatment was also associated with a sig-
nificant reduction in papilledema grade. Papilledema can
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improve by a reduction in CSF pressure or by loss of optic
nerve axons. It is not likely that the latter occurred in many
cases because few participants had worsening of their visual
field status.

We found acetazolamide-associated improvements in qual-
ity-of-life measures. The VFQ-25 total score and its 10-item
neuro-ophthalmic supplement and the 36-Item Short Form
Health Survey Physical Component Summary and Mental Com-
ponent Summary scores all significantly improved. Sufler et
al'® showed that a 4- to 6-point change in VFQ-25 score repre-
sents a clinically meaningful change corresponding to a 15-
letter change in best corrected visual acuity. Thus, the mean
6.4-point improvement with acetazolamide appears to repre-
sent clinically meaningful improvement.

Clinical improvement in ITH has been reported to be asso-
ciated with an approximately 6% weight loss.? Idiopathic In-
tracranial Hypertension Treatment Trial participants in both
the placebo group (3.45 kg) and the acetazolamide group (7.50
kg) lost weight, with the group difference being 4.05 kg. Our
mediation analysis demonstrated that the benefit of acetazol-
amide on PMD was not via its effect on weight.

Acetazolamide is thought to work by inhibition of car-
bonic anhydrase that causes a reduction in transport of so-
dium ions across the choroid plexus epithelium. It has been
shown to reduce CSF production in humans by 6% to 50%.%4
This inhibition appears to require a higher dosage than is rou-
tinely used.*?

There were few unexpected adverse events associated with
acetazolamide use. No participant, to our knowledge, experi-
enced permanent morbidity from receiving acetazolamide. A
larger number of participants discontinued acetazolamide use
during the trial (9) than discontinued placebo (1), most be-
cause of adverse events. Although serum sodium level re-
mained unchanged in both groups, a mild decrease in serum
potassium level was found (0.23 mmol/L; 95% CI, 0.12 t0 0.34;
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P < .001), but participants did not require potassium supple-
mentation as a result, similar to findings from another report.
There were 2 cases of renal stones (both in the acetazolamide
group). There was 1 case of transaminitis and 1 case of pan-
creatitis in the acetazolamide group; each resolved with dis-
continuation of acetazolamide.

A limitation of our study is the 19% withdrawal rate, al-
though the frequency of and reasons for withdrawal were simi-
lar in the 2 treatment groups. This rate may be due, in part, to
the intensity of the visit schedule. More participants receiv-
ing acetazolamide than placebo discontinued treatment, most
of whom completed follow-up, which may have attenuated the
estimated treatment effect. Another limitation is the diffi-
culty in the interpretation of the estimated treatment effect
on PMD. Our chosen minimal clinically important difference
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cern the functional significance of a particular decibel im-
provement in PMD to a patient.

. |
Conclusions

In patients with ITH and mild visual loss, the use of acetazol-
amide with alow-sodium weight reduction diet, compared with
diet alone, resulted in modest improvement in visual field func-
tion. The clinical importance of this improvement remains to
be determined.
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(UC Davis Department of Ophthalmology & Vision
Science); Danielle Harvey, PhD (UC Davis
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Correction: This article was corrected for errors in
CSF data on July 29, 2014.
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