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Objectives: The Early Manifest Glaucoma Trial (EMGT) will evaluate the effectiveness of reducing intraocular
pressure (IOP) in early, previously untreated open-angle glaucoma. Its secondary aims are to explore factors
related to glaucoma progression and to study the natural history of the disease. This article describes the EMGT
design and presents baseline data.

Design: Randomized, clinical trial.

Participants: Newly diagnosed patients 50 to 80 years of age with early glaucomatous visual field defects
were mainly identified from a population-based screening of more than 44,000 residents of Malmé and Hel-
singborg, Sweden. Exclusion criteria were advanced visual field loss; mean IOP greater than 30 mmHg or any IOP
greater than 35 mmHg; visual acuity less than 0.5; and inability to complete follow-up protocols.

Interventions: After informed consent, patients were randomized to treatment or no initial treatment with
close follow-up. Treated patients had laser trabeculoplasty and started receiving topical betaxolol twice daily in
eligible eyes. Follow-up visits include computerized perimetry and tonometry every 3 months and fundus
photography every 6 months. Decisions to change or begin treatment are made jointly with the patient when
EMGT progression occurs and also later if clinically needed.

Main Outcome Measures: The EMGT progression is defined by sustained increases of visual field loss in
three consecutive C30-2 Humphrey tests, as determined from computer-based analyses, or by optic disc
changes, as determined from flicker chronoscopy and side-by-side comparisons of fundus photographs per-
formed by masked, independent graders.

Results: A total of 255 patients were randomized between 1993 and 1997 and will be followed for at least
4 years. All had generally good health status; mean age was 68.1 years, and 66% were women. At baseline, mean
IOP was 20.6 mmHg and 80% of eyes had IOP less than 25 mmHg.

Conclusions: The Early Manifest Glaucoma Trial is the first large randomized, clinical trial to evaluate the role
of immediate pressure reduction, as compared to no initial reduction, in patients with early glaucoma and normal
or moderately elevated IOP. Its results will have implications for: (1) the clinical management of glaucoma; (2)
understanding the role of IOP and the natural history of glaucoma; and (3) evaluating the rationale for glaucoma
screening. Ophthalmology 1999;106:2144-2153

The pathogenesis of primary open-angle glaucoma (OAGkhallenged by evidence from various sources. First, one
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sure (IOP) often accompanies OAG and was once thoughtr below 21 mmHg, as shown repeatedly in large epidemi-
to be the cause of the disease, but this concept has be@iogic studiest Secong an elevatel IOP alore (ocula hy-
pertension without visual field or optic disc damage) is
present in approximately 10% of adults, depending on the
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Table 1. Early Manifest Glaucoma Trial Design Synopsis

Aims
Primary

Secondary

Treatment groups

Outcome measures
Perimetric endpoint

Optic disc endpoints

Patient eligibility
Inclusion criteria

Exclusion criteria

Treatment assignment
Level of masking
Follow-up

Mode of support

To compare the effect of immediate therapy to lower the IOP, versus later treatment or no treatment, on the progression
of newly detected open-angle glaucoma, as measured by increasing visual field loss and/or optic disc changes

To determine the extent of IOP reduction attained by treatment

To explore factors that may influence glaucoma progression

To describe the natural history of newly detected glaucoma

Topical medication with beta-blockers and argon laser trabeculoplasty

Follow-up without treatment or later treatment

Significant progression of the same 3 or more points in pattern deviation change probability maps in 3 consecutive C30-
2 Humphrey fields

Comparison of baseline and follow-up photographs by flicker chronoscopy with confirmation by side-by-side gradings in 3
follow-up photographs

Newly detected and untreated chronic open-angle glaucoma with repeatable visual field defects by Humphrey perimetry

Age 50-80 yrs

Advanced visual field loss (MD =16 dB) or threat to fixation

Mean IOP >30 mmHg or any IOP >35 mmHg in at least one eye

VA <0.5 in either eye

Any condition precluding reliable fields of photos, use of study treatment or 4-year follow-up

Person-based randomization

Masking of technicians, disc photograph graders

Every 3 mos, for a minimum of 4 yrs; extra follow-up visits to confirm visual field progression, repeat photographs,
confirm IOP elevation (=25 mmHg in treated group; =35 mmHg in control group)

National Eye Institute (Clinical Center and Data Center)

Swedish Medical Research Council (Clinical Center)

IOP = intraocular pressure; VA = visual acuity.

OAG, only one smal study*® has addresse this issue with mediate treatment is beneficial in controlling visual field
largely negative results. In a recently published multicentedoss as compared to no treatment or later treatment). Finally,
study of normal-tension glaucoma, similar difficulties in the EMGT aims to clarify treatment effects in subgroups of
interpretation were found when comparing visual field pro-patients and to provide much-needed data on the natural
gression in patients randomized to treatment versus ndistory of newly diagnosed glaucoma without treatment.
treatment. In the “intent-to-treat” analysis, which is the This article describes the design of EMGT and presents
accepted method to evaluate treatment effects of clinicabaseline data on the 255 patients enrolled in the trial.
trials, no differences were observed between study
groups!! Significantl less progressia in the treatel group
was only found in subsequent analyses, which foIIowet#/[
treated patients after IOP reduction was achieved and cern ethods
soral dat from those considerd to hawe cataract? No
study analyses found a relationship between a change in t
IOP and visud field progressiort!'*? highlighting method
ologic issues in interpretirg the findings** and the need
to answer this question using the established clinical trial
design. Primary Aim

The uncertainties about the role of IOP reduction on ) _
glaucoma progression have led to controversies in glaucom&0 compare the effect of immediate therapy to lower the 10P
management and difficulties in defining indications for Versus later treatment or no treatment on the prog(essmn.of newly
treatment, especially in early disease and in patients wit i:fgﬁfsi %Eeg'%ggé?sgliﬂgﬂmgsa?ﬂsezisrﬂr?g l?ér:m;i?l?g% d"'g”a'
moderately increased IOP. They also cast doubts on thg P ges. g y

| f al = 51 lution of thes | onducting a randomized, clinical trial that compares glaucoma
value of glaucona screening.>** Resolutio of thesissues  yogression in initially treated versus initially untreated (control)

is important, since glaucoma treatment is lifelong, causepatients with newly detected OAG. The null hypothesis being
various side effects and complications, and has considerablested is that no differences in progression will occur between

economic impact. patients randomized to initial IOP reduction versus no initial
The Early Manifest Glaucoma Trial (EMGT) is the first reduction.

large randomized, controlled clinical trial to evaluate the

efficacy of IOP-lowering treatment on the progression of .

OAG with moderately elevated and low IOP values. The Secondary Aims

trial will allow an evaluation of whether immediate IOP 7o determine the extent of IOP reduction attained by treatment.

reduction by conventional methods influences the natural This aim will be achieved by comparing IOP levels over time

history of early OAG at such pressures (i.e., whether im- in the treated and control groups. Knowledge of the extent of

HR synopss of major EMGT desiqn features is presentd in Table
1; the procedurs performel at ead visit are summarize in Table
2. The specift aims are identified below as follows.
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Table 2. Procedures Performed at Each EMGT Visit

Refract.
Pulse/ and
Blood  Medical Ocul. Visual Slit-lamp Comp. Disc Random Laser
Visit Pressure History History Acuity IOP Examination Gonioscopy Ophthalmoscopy Perimetry Photo  Assignment Treatment

Post screening 1 X X X X X
Post screening 2 X X X X X X* X
Baseline 1 X X X* X X
Baseline 2 X X X X X X X X
Laser treatment

visit 1 X X
Laser treatment

visit 2 (for

second eye if

both eligible) X X
Post laser 1
Post laser 2 (for

second eye if

both eligible) X
Follow-up visits Every X X X X X X X Every

year 6 mos

IOP = intraocular pressure; OAG = open-angle glaucoma; VA = visual acuity; GHT = Glaucoma Hemifield Test; DSMC = Data Safety and Monitoring
Committee.

* Dilated examination.

IOP reduction that is actually attained by treatment will com- Eligibility Criteria

plement evaluations of the primary aim. o o _

To explore factors that may influence progression. This aimThe. eligibility criteria were selected to ensure a high degree of

will be achieved by multivariate analyses of predictor variablesF.)"’mer}t iafety,_ minimize losses to fOIIOV\ll.'u.ptl.and ensurel comple-

for progression in both groups. tion of the major outcome measures. Eligibility was evaluated at
postscreening visits 1 and 2 and confirmed at baseline visits 1 and

To describe the natural history of newly detected glaucoma.2 pefore randomization.

This aim will be achieved by analyses limited to untreated Inclusion Criteria. Inclusion criteria are as follows:

patients, which will provide previously unavailable longitudi- ) ]

nal data on optic disc damage, visual field loss, and 1OP in 1. Men and women, 50 to 80 years of age, with newly diag-

these patients. nosed, previously untreated chronic OAG.
o 2. The diagnosis of early manifest chronic OAG required re-
Study Organization peatable visual field defects in at least one eye. Defects had

to be compatible with glaucoma and not explained by other

The EMGT organization consists of several centers. The Clin- causes. This definition included chronic simple glaucoma,

ical Center is located at the Department of Ophthalmology of normal-tension glaucoma, and exfoliative glaucoma. Glau-
Malmé University Hospital, Sweden, which initially designed coma visual field defects were documented by static com-
and began the study with approval from the Ethics Committee puterized perimetry, initially using the Humphrey 24-2 Full-
of the University of Lund. Its responsibilities have included a Threshold program at Post screening visits 1 and 2. The
large population-based screening to identify eligible patients, as Humphrey Full-Threshold algorithm is used extensively,
well as recruitment, treatment, and follow-up. A satellite center reproducible, and well-documented, yielding visual field
is located at the Department of Ophthalmology at Helsingborg data that can be analyzed with the Statpac | and Il soft-
Hospital, Helsingborg, Sweden. A Data Center is located at the warel”® This computer-bask approab met the EMGT
Department of Preventive Medicine, University Medical Center requirement to have objective and immediate visual field
at Stony Brook, New York, which is responsible for epidemi- criteria to determine EMGT eligibility and progression, thus
ologic and biostatistical input, eligibility confirmation, random- obviating the need for a visual field reading center.

ligibility was based on results of the Glaucoma Hemifield Test
GHT) of the Statpa Il program*®-® a diagnostt program able to

identify glaucomatous visual field loss with high sensitivity and
pecificity?®2 The GHT is base on empiricaly determined

ization, quality assurance, data processing, management a

analysis, and report preparation. A Disc Photography Reading
Center, located at the Department of Ophthalmology of Lund
University Hospital, Sweden, is responsible for evaluating and

ghrading th_errundu_s protographs. The N_zi\tional Eyehlnstitute aNGatistical significance limits at 44 points located in 5 zones of the
the Swedish Medical Research Council support the study. Angherior hemifield and 5 mirror-image zones in the inferior hemi-
Executive Committee, which includes members from the Clin-fie|q The EMGT definition of a definite visual field defect required

ical Center, the Data Center, and the National Eye Institute gt |east two reliable tests that met one of the following criteria:
provides leadership for the study and reviews its progress

continually. An independent Data Safety and Monitoring Com- 1. A classification of Outside Normal Limits affecting the

mittee (DSMC) includes members from Sweden and the United same GHT sector (or sector 1 or 2) on two consecutive tests
States and is responsible for monitoring all aspects of the trial. performed on different days.

This committee is the only group provided with evidence of 2. A classification of Borderline affecting the same GHT sector

treatment effects during the course of the study. of the visual field on two consecutive tests performed on
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different days, and obvious localized glaucomatous changegenerated maps, possible biases due to subjective assessment are

of the optic disc in an area corresponding to the field defect.eliminated. Furthermore, they allow immediate and early determi-

nation of progression (i.e., tentative progression may be detected

as early as the second visit, that is, at the 6-month visit). When

1. Advanced visual field defects (mean deviation worse thantentative progression occurs, an additional visual field test is per-
—16 dB)*” or thred to fixation (sensitiviyy 10 dB or worse ~ formed within 1 month to confirm or exclude definite progression.
affecting either or both test points closest to the point of _ Description of Optic Disc Outcomes and Their Rationale. In

fixation in the upper hemifield and at either or both of the EMGT, baseline and follow-up disc photographs are compared by
Corresponding test points in the lower hemmeld) ﬂleer ChrOnOSCOpy, Wthh IS a sensitive IndlcatOI’ Of Changes n

2. Visual acuity less than 0.5. optic disc anatomy?32 Flicker chronoscop has the unique prop-
erty of highlighting areas of change, which can be confirmed later

3. M IOP ter than 30 H IOP ter th . . . . o
35e;ang igrgﬁlgast%rr]]e e;gm g, orany greater anm traditional side-by-side comparisons. It is inherently a very

4. Any condition precluding reliable visual fields or disc pho- sensitive technique, and false-positive results may occur, such as
) tography, use of study treatments, or 4-year follow-up Eyesthose caused by parallax. Therefore, an extensive, rap_eatepl grading
with Iens’opacities exceeding staﬁdard photographs Nl C2protocol was de5|_gned to ensure a rather high specificity. First, two
or P1 in the Lens Opacities Classification System II (LO,CS masked graders independently compare the best of two follow-up
slides versus a baseline slide. Second, if a grader classifies the

22 i Tatl
Illf) b Where |neI|gt;1|b(Ije. | isual field def h result as “clear change” or “suspect change,” the second follow-up
5. If both eyes had glaucomatous visual field defects, thegjiye s judged in the same way. Third, any disagreements between
patient was eligible only if mean deviation waslO dB or

. ) graders are resolved by consensus or, if needed, by adjudication by
better in one eye ane-16 dB or better in the other eye. 3 yirg grader. Fourth, if consensus exists on the presence of a clear
and progressive change in both sets of photographs, a side-by-side
comparison is performed by yet another independent grader.

An optic disc progression outcome is reached only: (1) if the
The study outcome is glaucoma progression, which is measureglide-by-side grader confirms the clear and progressive change
by: (1) objective, quantitative visual field criteria requiring at least located at the same optic disc clock-hour, and (2) the same finding
three consecutive fields, at least 1 week apart, and (2) optic dispersists in the photographs obtained 6 months later. Quality control
changs identified by flicker chronoscop$*# and confirmed in of this protocol is monitored by assessing intraobserver and inter-
side-by-side comparisons of fundus photographs by masked gradbserver reproducibility, as well as drift in gradings. The quality
ers at the Disc Photography Reading Center. Outcome criterigontrol scheme involves continuous masked evaluations of a stan-
were selected to provide valid, reproducible, and objective meadard set of photographs.
sures of changes in visual field loss and optic disc damage between
baseline and follow-up. ) ) .

Description of Perimetric Outcomes and Their Rationale. Sample Size and Power Considerations

Glaucomatous visual fields are subject to large and complex ValThe sample size will provide sufficient statistical power (at least

i H 25-27
?t'c:/] c;f t?reshog:l_l_\t/al_ueslard to Itiarnn;g ltaffeé:ts. q Rantﬂom i l§0%) to detect differences in outcomes between the study groups
est/retest variability in glaucomatous fields depends on the initiab, ey on the following premises:

defect depth, location of the test point, and general visual field

Exclusion Criteria. Exclusion criteria are as follows:

Main Outcome Measures

status®® Increasig meda opacities resut in increasingy diffuse e Four-year progression rates of 40% in the treated group and
visual loss, which is added to any worsening of the differential 60% in the control group.

light sensitivity caused by glaucoma damage. Glaucoma Change e Significance level of 5%; two-tailed test.

Probabiliy Maps'® can be usel to compae successig fields while o Attrition of 15%.

considering these factors. The maps identify each test point of a
follow-up field as nonchanging, significantly deteriorating, or im- .
proving, as compared with the average from two baseline fieldsRecruitment

The standad Glaucona Chang Probabiliy Maps of Statpa 1118 . . . .

were modified and improved to enhance visual field follow-up for _I(Ejarlyfr_nznlfezt_glaucg_malls asym[:jtomalltlc, and patlenftshUSLéaIIy are
EMGT. Although standard Glaucoma Change Probability Maps' entl ;e and immediate ydtreate_ Iatﬁater stages of the _|sea|15e.
are based on total deviation from age-corrected values, these new1ere ore, EMGT required special efforts to recruit prewouay
EMGT maps analyze change based on pattern deviation, thugntreated glaucoma patients who were detected in four ways:
largely eliminating the distorting effects of increasing media opac- 1. At a large-scale population-based screening of specific age
ities 28 Such opacities would consideraly influence the resuls of cohorts.

traditional Glaucoma Change Probability Maps and be detrimental 2 Among patients followed from the screening.

_for _Ilnear regression analys_,es_,, whether based on global sensitivity 3. Among patients followed at the clinical centers.

indices, su_ch as mean deviation, or on threshold values at individ- Among patients referred from eye specialists in clinical
ual test point locations. practice.

In EMGT, tentative visual field progression is defined by the
presence of at least three test points that are flagged as significantly Malmg, the screening started in October 1992 (after pilot studies
(P < 0.05) progressing at the same location in the EMGT Patternn December 1991 and April 1992) and ended in January 1997. In
Change Probability Maps of two consecutive tests. The EMGTHelsingborg, the screening started in November 1994 and ended in
perimetric outcome is definite visual field progression, which is February 1997. Randomization started in January 1993 (in Malmo
defined by at least three significantly progressing points at theand June 1995 (in Helsingborg) and ended in April 1997. The
same locations in three consecutive tests. The validity of thesecreening was intended to identify most persons with manifest
EMGT criteria was evaluated by retrospective analyses of existingglaucoma, as well as those who would probably develop the
series of fields at the Clinical Center (Early Manifest Glaucomadisease in the near future. The methods and criteria to determine
Trial [EMGT], Manual of Procedures, 1998). Because the EMGT positive screening results, which follow, combined a high sensi-
perimetric criteria are based on specific results from computertivity and high specificity2°

A WN
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Table 3. Distribution of Open-angle Glaucoma and EMGT Randomized Patients, by Age,
among the Population Screened

Glaucoma Randomized

Age (yrs) Screened (n) n % n %

=60 3615 20 0.55 17 0.47
61-65 10,150 94 0.93 34 0.33
66-70 16,684 295 1.77 84 0.50
71-15 12,558 238 1.90 3 0.58
>175 1236 32 2.59 8 0.65
Total 44,243 679 1.53 216 0.49

1. Applanation tonometry: Persons with IOP greater than 25 Postscreening Visits. The two postscreening visits were in-
mmHg in at least one eye were asked to return for atended to ascertain eligibility and exclude persons without mani-
postscreening examination. fest glaucoma or who were otherwise ineligible, as well as to

2. Fundus photography: One single picture of each optic disaninimize the untoward effects of perimetric learning and of re-
was taken after pupil dilatation using a nonmydriatic cam- gression to the mean. Eligibility was ascertained after a careful
era, and photographs were evaluated by the same experjstory, repeated perimetry and tonometry, funduscopy, and di-
enced examiner. Persons with suspicious glaucomatougyteq slit-lamp examination. Due consideration was given to the
changes, retinal nerve fiber defects, or optic disc hemor;;¢ ang repeatability of any visual field defects, as well as to their
rhages were asked to return for a postscreening examination., s aibility with a diagnosis of glaucoma and the possibility of

3. g;ssg;%Tahe;r?n;g‘arﬂﬁHgfﬁrefeuIjel;glrlnaitr?égnétei/r?: vgllitth Ilaonlwop alternat!ve explqnations. The ability of the patients to comply yvith
Persons found to have pseudoexfoliations were seen by aEMGT Interventions was a;sessed, as .V\.’e” as the fe§3|blllty. of

prolonged follow-up. Potential study participants were given writ-

ophthalmologist. If other findings were negative for glau- ; . . ) -
coma, a visit to a physician in private practice was recom- €N |nfor'mat|o.n.about the trial .at t.he second postscree_nlng visit.
Baseline Visits and Randomization. At the first baseline ex-

mended after approximately 1 year. Dase !
4. History: Persons reporting manifest glaucoma in at least onémination, perimetry (Humphrey 30-2 Full-Threshold program),
first-degree relative were seen by an ophthalmologist. Iffundus photography, and applanation tonometry were performed in
findings were negative for glaucoma, a visit to a physician in @ standardized manner. The patient was also given the opportunity
private practice was recommended after approximately 5t0 ask questions, supplementing the written information received at
years. the previous visit. If patients remained eligible and willing to
. . . participate, they were scheduled for a second baseline visit; addi-
?crtgé?wle gf rggéggn {i?]sgci?%%}fo?];htl\a/lglégﬁ I ;?odn il:}etlhstler;geb;ég é’:’)ﬁz)ertgonally, both postscreening forms and the first baseline form were
Of these, 2252 (5%) had positive screening results. At postscreen-ent by facsimile machine to the Data Center for independent

) 0 : eligibility confirmation.
ing, 679 persons (1.5%) were found to have a manifest glaucoma, The second baseline examination included medical history,

but most did not meet the EMGT eligibility criteria. Reasons for X ; :
ineligibility included a higher 1OP than specified by the EMGT Measurements of pulse, blood pressure, visual acuity, refraction,
criteria, visual field damage exceeding maximum criteria, lensVisual fields, intraocular pressure, and gonioscopy. After eligibility
opacities, unreliable fields, and medical or surgical history. of¢onfirmation and informed consent, the patient was randomized.
those confirmed eligible, 6 did not participate and 216 (0.5%) werel he Clinic Coordinator issued randomization assignments using a
randomize (Table 3). Thus only 39 (15%) of the 255 EMGT set of sequentially numbered, opaque, sealed envelopes provided
patients were recruited from sources other than the screeninfy the Data Center. Assignments were stratified by center (Malmé
(Table 4). or Helsingborg) and based on a blocked randomization scheme.
Patients randomized to treatment were instructed to instill one drop
. .. of betaxolol 5 mg/ml twice daily in eligible eyes and given oral
Patient Visits and written information about argon laser trabeculoplasty, which
The EMGT protocol includes four pretreatment visits (i.e., two was scheduled approximately 1 week later.

postscreening visits and two baseline visits), laser treatment visits, Laser Treatment Visits. A full 360° laser treatment was ad-
and follow-up visits (Table 2). ministered to eligible eyes.

Table 4. Distribution of EMGT Patients by Recruitment Source and Center

Malmo Helsingborg Total
Recruitment Source n % n % n %
Positive screening 136 71.6 58 89.2 194 76.1
Followed from screening 19 10.0 3 33 22 8.6
From clinical centers 13 6.8 4 4.4 17 6.6
Referrals from practitioners 22 11.6 0 0 22 8.6
Total 190 100 65 100 255 100
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Follow-up Visits. Examinations every 3 months include in- performance. The DSMC periodically reviews interim reports to
terim history, best-corrected visual acuity, using Monoyer—Gran-determine possible differences between study groups that would
strédm standard decimal charts after subjective refraction, perimetryvarrant stopping the study and making the results known to
(Humphrey 30-2 Full-Threshold program), applanation tonometry,patients and the scientific community. Extensive data are provided
slit-lamp examination, and funduscopy and lens classification tato the DSMC on all aspects of recruitment, patient follow-up,
assess cataract using Lens Opacities Classification System Il staprotocol adherence, and data quality.
dards?? Blood pressue is measurd once ayear, and fundus
photographs are obtained at the 3- and 6-month visits and every
sixth month_thereafter. Ir)fqrmation about maskir_wg, adverse ef'Statistical Analyses
fects, compliance, and eligibility of second eyes is sought at all . . o i
follow-up visits. Additional visits are scheduled in patients with Interim Analyses and Stopping Guidelines. Interim analyses are
tentative visual field progression, IOP of 26 to 35 mmHg in any being conducted to test for differences in progression rates be-

treated eye, or a confirmed IOP over 35 mmHg in any eye. tween the groups, as well as to examine the distributions of study
data and monitor possible adverse effects. The timing for these

analyses depends on reaching a specific ratio of cumulative pro-
gressions, relative to the total number expected by the end of the
trial. These ratios define the spending function for the overall 5%

) ) significane levd sé for this study The Lan and DeMets® pro-

The treated group receives betaxolol 5 mg/ml (Betoptic; Alcon, Ft.cedure is used, which allows interim testing without prespecifica-

Worth, TX) twice daily and argon laser trabeculoplasty in eligible tion of the number of times or calendar times for such analyses.
eyes. Betaxolol was initially given at the second baseline visit andrhe DSMC is regularly provided with interim analyses to evaluate

continued throughout the follow-up period. The protocol specifiesgjfferences between study arms; their recommendations are for-
the addition of latanoprost 50ag/ml (Xalatan; Pharmacia, Pisca- arded to the Director of the National Eye Institute, who decides

Early Manifest Glaucoma Trial Treatment
Protocol

taway, NJ; Upjohn, Kalamazoo, MI) if the IOP exceeds 25 mmHg whether results warrant stopping the trial.

in treated eyes or 35 mmHg in control eyes. If EMGT progression

Baseline Comparisons. The comparability of study groups at

is reached, further clinical management is decided in collaboratiomaseline was evaluated by the Mann—Whitney test, Studetetss,
with the patient and usually follows customary patterns of glau-chj-square, and Fisher's exact tests.

coma treatment.

Masking

Analysis of Progression

Patients and physicians are not masked as to the treatment assigdnit of Observation

ment, since physicians need this information for clinical manage-
ment. The main study outcomes, however, are based on comput-
erized visual field criteria and on fundus photographs, which are
read by masked graders at the Disc Photography Reading Center.
Other important variables, such as visual acuity and IOP, are also
obtained by masked ophthalmic technicians according to standard
protocols. The masking status of the technicians collecting data is
recorded at each study visit.

Quality Assurance

All the data collection protocols are standardized through study
documentation Manual of Procedures and Handbgoluniform

study protocols, and forms. All personnel were certified before
study data were collected. Eligibility and progression are indepen-
dently assessed at the Data Center, which also determines treat-
ment allocations and monitors data quality and adherence to pro-
tocol. There is centralized, concurrent processing of data; forms
are reviewed for missing, invalid, and questionable responses; and
data issues are resolved by edit queries to the other centers. A data
audit is performed yearly by comparing information available at
the Data Center and the clinical sites based on a representative
sample of study visits. Photograph gradings are evaluated period-
ically for reproducibility and drift based on a set of quality control
photographs.

A double data entry system, with two independent certified
persons, is used and a sequence of logic checking and frequencies
of all variables are examined periodically. The accuracy of the data
is monitored regularly by selecting a random sample of participant
numbers and comparing the data entered into the computerized
system with the original forms.

The study is reviewed regularly by the DSMC, which monitors:
(1) any significant adverse reactions or side effects of the treat-
ments; (2) the need for additional treatment in the treated group or
for treatment of the control group; and (3) the overall study

Patient-based analyseS’he main analytic strategy involves
patients as the unit of analysis. Sample size estimation, ran-
domization plan, and study design are based on the patient as
the statistical unit of observation. Comparisons between study
groups include: (1) whether progression in an eligible eye has
occurred, and (2) the time since baseline that progression was
first observed. Survival analysis will be used, as well as actu-
arial life-table methods to compute and compare progression at
specific timepoints. Cox proportional hazards regression mod-
els will test for differences while controlling for effects of
covariables.

Eye-based analyseEligible treated and control eyes comprise
the units of observation for these analyses. For most patients,
only one eye was eligible at baseline. If the second eye be-
comes eligible during the trial, that eye will also be considered
for analyses. The strategy to control for intraclass correlation
while assessing effects of eye-specific predictor variables, such
as treatmentis basel on the method of Liang and Zegef*:32

for estimating regression coefficients. Methods for estimating
logistic and Cox proportional hazard regression parameters,
while accountirg for correlation betwee fellow eyes332 will

also be considered.

Intent to treat analysesPatients will be analyzed as part of
their originally assigned groups (i.e., treatment or control). As
noted earlier, for patient safety concerns, treatment changes
within groups occur if:

1. Confirmed I0OP exceeds 25 mmHg in the treated group,
which requires addition of latanoprost.

2. Confirmed IOP exceeds 35 mmHg in either group, which
requires addition of latanoprost or individualized treatment as
needed.

3. Clinical findings, in the judgment of the ophthalmologist,
require treatment.
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Giving treatment to an eligible control eye is defined later Table 5. General Baseline Characteristics of all EMGT Patients
treatmentFollow-up on that eye aslater treated eyeommences (n = 255 patients)
when treatment is begun.

Mean = SD
Characteristic n (%) [median (range)]
: Age (yrs) 68.1 = 4.9
Main Outcome Measures 680 (50.0.79.0)
- 50-59 12 (5)
Primary Outcomes 60-64 46 (18)
65-69 92 (36)
Progression of glaucoma is the primary outcome and will be 70-74 80 (31)
assessed on the basis of visual field changes or optic disc changes,75-80 25 (10)
accounting for follow-up times. Several methods will be used. TheGender
study groups will be compared as to the frequency of EMGT- Male 86 (34)

Female 169 (66)

predefined perimetric and optic disc outcomes, which are bina%amily history of glaucoma

variables. By this approach, analyses will provide the probability

; . No family history 205 (80)
of progression, expressed as a function of treatment status and Sibling only 17 (7)
other factors. Other approaches will involve continuous variables, parents only 26 (10)
such as rates of visual field change summarized by measurable Parents and siblings 7(3)
slopes. Plans for subgroup analyses, while accounting for multipleSystolic pressure (casual) 148.0 + 18.8
comparisons, include those based on glaucoma subtypes, such as 145.0 (100.0-210.0)
normal tension and pseudoexfoliation glaucoma. Sample size per- >160 mmHg 42 (16)
mitting, these analyses will include testing for interaction betweenliastolic pressure (casual) 85.7 +10.3
these baseline covariates and the study group. If necessary, exact 85.0 (60.0-120.0)
. X . >95 mmHg 34 (13)
tests will be used to compare progression frequencies between trﬁ -
ypertension 98 (38)
groups.
Characteristic n (%)

Secondary Outcomes History of

Prognostic Factors. To explore the factors that may influence  Cardiac incompensation

progression, multivariate analyses of predictor variables will be Myocardial infarction 1

used, including treatment as one of the covariates. Arrhythmia, bradycardia 1
Natural History. Information on the natural history of early, Stroke

newly detected glaucoma will be obtained by analyses of fol-

low-up data on untreated patients in the control group, when no

medication was given. o Peripheral vasospasm, Raynaud disease 2
Changes in IOP Over Time. Distributions of change, percent Migraine 2

change, and slope of IOP in the two groups will be evaluated to Obstructive pulmonary disease

quantify the effect of IOP reduction, and results will be compared Diabetes mellitus

by Student'st test or the Mann-Whitney test. To control for ~ Medication use

3(1
5(6
5(6
2(1
Low blood pressure 83
Orthostatism 703
9 (4
209
5(1
3(1
9 (4

General arteriosclerosis

other factors, linear regression will be used to test for differences Antihypertensives 62 (24)
between groups, in which analysis is based on the followed single Cort1°°5ter°¥ds ) 4(2)
Other (e.g., insulin, estrogen) 112 (44)

eye of the person. For analyses based on eyes, the methods

described earlier will be used, treating IOP as a continuous vari-

able. * Defined as systolic pressure >160 mmHg or diastolic pressure >95
mmHg or a history of antihypertensive treatment.

Baseline Data

Baselire characteristiswere evaluate by patiert (Table5) andby  notching, as well as saucerization, large cupping reaching the optic

eye (Table 6). The 255 participans had amean age of 681 years  disc margin, or optic disc hemorrhage. Eye pathology other than
(Fig 1) ard were predominangt femak (66%). One fifth had a glaucoma was minimal.

family history of glaucoma. Health status was generally good; 98

(38%) had hypertension, defined as systolic pressure greater than

160 mmHg or diastolic pressure greater than 95 mmHg or antihy- __, .

pertensive treatment history; 15 (6%) had myocardial infarctionDiscussion

history; 9 (4%) had diabetes mellitus; 22 (9%) had peripheral

vasospasm or Raynaud’s syndrome; and 25 (10%) had migraineThe primary aim of EMGT is to address a classic and
Sixty-one (24%) patients had both eyes eligible for the trial atcentral guestion in ophthalmology, namely the effect of

baseline. Patients had good visual acuity (mean of 0.9) as expectgstessure-lowering therapy on primary OAG. This is a very

from“th“e ‘i"%‘b'“ty C”tﬁ.r 'a.'t f\bnormfal V'gL.’algygldi ("et'.’ .GHI important issue to resolve because large numbers of patients

results *outside normal limits”) were found in 97% of participants. .o involved, glaucoma damage is irreversible, and treat-

The remaining nine patients had abnormal field results when

eligibility was determined during the postscreening examinations.ment is associated with side effects and cost. Although other

Median mean deviation was4.1 dB. The average IOP was 20.6 glaucoma clinical trials, such as the Advanced Glaucoma
mmHg, and 80% of eligible eyes had a baseline IOP less than 24ntervention Study” ard the Collaboratie Initial Glaucoma
mmHg (Fig 2). Pseudoexfoliation were presen in 25 (10%)  Treatment Study (Musch et al. Invest Ophthalmol Vis Sci
patients. Ninety percent of participants had disc pathology, mainly1998;39[Suppl]:4072), are comparing various treatments to
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Table 6. Baseline Ocular Characteristics in Eligible Eyes of All
EMGT Patients (n = 316 eyes/255 Patients)

Mean * SD
Characteristic n (%) [median (range)]
Eyes eligible for trial
Both eyes 61 (24)
One eye only 194 (76)
OD 87
oS 107
IOP (mmHg)-average of 20.7 = 4.1
two baseline visits 20.5 (12.0-31.0)
<15 21(7)
15-19 124 (39)
20-24 108 (34)
25-29 60 (19)
=30 3(1)
Refractive error (D)
<-1 42 (13)
—1tol 95 (30)
>1 179 (57)
09 +0.1
Best-corrected visual acuity 1.0 (0.6-1.0)
0.6 4(1)
0.7-0.9 95 (30)
1.0 217 (69)
Perimetry
Within normal limits 3(1)
Borderline 6(2)
Qutside normal limits 307 (97)
Mean deviation (dB) —4.7=x35
—4.1(—14.7-2.4)
Characteristic n (%)
Fundus examination Upper Lower
Optic disc n(%) n(%)
Saucerization 24 (8) 36 (11)
Notch 128 (41) 138 (44)
Marginal cupping 2(1) 15 (5)
Disc hemorrhage 22.(7) 21 (7)
Any of the above 156 (49) 193 (61)
Any disc pathology 285 (90)
Other findings
Macular degeneration 14 (4)
Other 17 (5)
Slit-lamp examination findings
Exfoliation 25 (8)
Corneal clouding 4(1)
Pigment dispersion 2(1)
Lens opacities (nuclear) 1(0)
Gonioscopy (angle width)
— 3(1)
2 54 (17)
3 148 (47)
4 111 (35)
Trabecular pigmentation grade
0-1 156 (49)
2 142 (45)
3 18 (6)
Anterior synechiae 7(2)

IOP = intraocular pressure; OD = right eye; OS = left eye.

lower IOP, EMGT is the first large trial to compare imme-
diate IOP reduction versus no reduction or later reduction in

# patients
100 7

80 1

60 1

40
20

50-54 55-59 60-64 65-69 70-74 75-80 Age (years)

Figure 1. Age distribution of randomized patients at baseline.

were randomized only after showing progressive disease or
threa to fixation!2 The resuls of the “intent-to-treat”
analyses found no differences in visual field progression
betwea groupst! aresut tha was attributed to the higher
frequency of cataract in the treated group. In additional
analyses including treated eyes only after achieving a 30%
reduction of IOP 12 a step that may resut in bias (refer to

next paragraph), less progression was seen in the treated
group. Similar results were found when observations were
censored after the occurrence of visual acuity reduction
attributed to cataract® There was no relationshp between

IOP changes and visual field progression, even when anal-
yses attempted to control the effect of cataract. Although
these results contribute to our knowledge, they highlight the
need for further research.

The goal of treatment in EMGT is to lower the IOP as
much as possible without causing major side effects. Such a
goal is important to achieve in trials with treated and un-
treated arms, in which treatment side effects and treatment
crossovers are a potential problem. A related design feature
of EMGT is that no target IOP is set for treatment (e.g., to
reach a specific IOP value sucha21 mmHg or a specific
percent reduction from baseline). For various reasons,
EMGT avoided setting such a numeric criterion to define
treatment success or failure in terms of “controlled” IOP. It

# eyes

140
120

100
80;
60;
40-
20-_

o,

10-14 15-19 20-24 25-29 30-34 |OP (mmHg)

newly diagnosed OAG. 'The CO”&bOI’&tiVG Normal-TensionFigure 2. Baseline intraocular pressure in all study eyes (average of two
Glaucoma Study, also including an untreated control armpaseline visits).
was based on patients with IOP less than 24 mmHg who
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is possible that patients who achieve sufficient IOP reducthe lack of firm evidence to show that early detection and
tions to meet a treatment goal have milder disease (and thuseatment favorably influence the natural history of the
inherently better outcome) than patients who respond taliseasé®-16
treatment with smaller reductions in IOP. As such, compar- If lowering IOP is found to be effective at all pressure
isons based on this controlled IOP group could show devels, screening must use methods that can detect structural
beneficial effect of treatment, even if none existed. Anotheror functional glaucoma damage, thus identifying the large
reason is the lack of firm data on which to base target valueproportion of undetected cases with normal-tension glau-
for effective IOP reduction. Potentially, the EMGT goal of coma. If pressure reduction effectively reduces progression
maximum possible reduction could lead to a more substanenly if the IOP is “elevated,” screening for glaucoma with
tial lowering of IOP than a specific numeric goal. It also tonometry can again be advocated, as long as those screen-
avoids the distinction between “controlled” and “not con- ing positive have further tests to identify the subgroup with
trolled” IOP. glaucoma damage. Conversely, if EMGT results fail to
Clinical observations indicate that very high IOP40  show statistically and clinically significant effects of treat-
mmHg) frequently is followed by progression of glaucoma- ment, the basis of our clinical management of glaucoma
tous optic disc cupping and field deterioration within rela- would be seriously weakened. It would then be important to
tively short time. There is also consensus among cliniciansearch for new treatment methods.
that eyes with such pressure levels need vigorous treatment. The results of analyses to address the secondary EMGT
Experimental glaucoma with cupping and visual field de-aim of identifying markers or risk factors for progression
fects can also be created in monkeys when high I0P levelsiill be important to plan strategies for glaucoma screening.
are produced by extensive laser treatment of the trabecularhese results may also enhance our currently quite-deficient
meshwork®® Large fluctuatiors of IOP are comman in this understanding of glaucoma pathogenesis. Other results on
monkey model¥” however and it is difficult to produce secondary EMGT aims also should provide much-needed
experimental glaucoma with only moderately elevated IOPinformation on the natural history of early and moderately
In fact, although glaucoma damage often is considered to badvanced glaucoma and how the risks of progression may
pressure-induced, the relationship between such damagepend on factors such as the IOP level, the amount of

and IOP is much less clear at moderately elevated or lowdamage, and other possibly important (modifying) factors.
pressure levels. When glaucoma occurs at these lower 10Phis knowledge, in itself, is clinically important, since it

levels its presene could be explaina by othe factors®#

may allow an assessment of the value of rapid treatment or

Most persons with glaucoma have moderately elevated oearly detection or both. In summary, EMGT results will be
“normal” pressures. At the EMGT population-based screen+elevant for clinical practice, for evaluating the role of
ing, 82.3% of patients with newly detected glaucoma hadglaucoma screening, and for understanding the natural his-
IOP values of 30 mmHg or less, thus meeting the 10Ptory of the disease. Future articles will present forthcoming
eligibility criterion for the study. The results of EMGT may, data from the study.

therefore, not be directly applicable to patients with glau-
coma with very high 10P, but they will provide information

on the effectiveness of conventional treatment in most paA ppendix

tients with glaucoma.

Ocular hypertension is another example of the unclear
relationshp betwea IOP ard glaucona damage This con-
dition is common and usually associated with a good prog-
nosis, since most people with moderately elevated IOP do
not develop glaucoma damage, even after very long fol-
low-up without treatmen As emphasize by Rosseit et
al,® severa trials hawe given variabk resuls and failed to

show a clearly decreased incidence of glaucoma damage in
patients with treated versus untreated ocular hypertension.

This has motivated the large, currently ongoing Ocular
Hypertension Treatment Study (Invest Ophthalmol Vis Sci
1998;39 [Suppl]:878), a clinical trial again addressing
whether glaucoma risk in subjects with ocular hypertension
is decreased by pressure-lowering treatment.

We expect that EMGT results will have considerable
importance for ophthalmologic care in similar populations.
If progression is significantly and substantially lower in
initially treated patients, as compared to untreated or sub-

sequently treated patients, the rationale for current standard

clinical management of glaucoma will be strengthened.
Such results would also motivate screening efforts to iden-
tify the large percentage of patients with glaucoma, approx-
imately 50%, who currently are undetected. At present, the
scientific rationale for glaucoma screening is weakened by
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EMGT Group

*Clinical Center: Department of Ophthalmology, Malmé
University Hospital, SE-205 02 Malmd, Sweden: Anders
Heijl, MD, PhD, Study Director; Bo Bengtsson, MD,

PhD, Screening Director; Karin Wettrell, MD, PhD,

Ophthalmologist; Peter Asman, MD, PhD, Ophthalmol-
ogist; Margareta Wennberg, BA, Clinic Coordinator;
Gertie Ranelycke, RN, Technician; Monica Wollmer,
RN, Technician; Asa Holm, RN, Technician; Katarina
Magnusson, Secretary.

*Data Center: Department of Preventive Medicine, Univer-
sity Medical Center at Stony Brook, Stony Brook, New
York: M. Cristina Leske, MD, MPH, Director; Leslie Hy-
man, PhD, Deputy Director; Mohamed Hussein, PhD, Se-
nior Biostatistician; Ling-Yu Pai, MA, Data Manager; Fang
Wan, MS, Analyst; Ying Choi, BS, Programmer; Phyllis
Neuschwender, Administrative Assistant.

*Disc Photography Reading Center: Department of Oph-
thalmology, University Hospital of Lund, SE-221 85 Lund,
Sweden: Anders Bergstrém, MD, Director (1997—present);
Catharina Holmin, MD, Director (1993-1997); Anna
Glock, RN, Photograder; Catharina Dahling Westerberg,
Photograder; Inger Karlsson, RN, DPRC Coordinator.
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*Satellite Clinical Center: Department of Ophthalmol-
ogy, Helsingborg Hospital, SE-251 87 Helsingborg,
Sweden: Kerstin Sgirom, MD, Director; Lena Brenner,
MD, Ophthalmologist; Gman Svensson, MD, Ophthal-
mologist; Ingrid Abrahamson, RN, Head Nurse; Nils-
Erik Ahlgren, RN, Technician; Ulla Andersson, RN,
Technician; Annette Engkvist, RN, Technician; Lilian 4¢
Hagert, Secretary/Clinic Coordinator.

National Eye Institute: Bethesda, Maryland: Carl Kupfer, 17.

MD, Director; Donald Everett, MA, Program Director.

Steering Committee: Bo Bengtsson, MD, PhD; Donald
Everett, MA; Anders Heijl, MD, PhD; Leslie Hyman,
PhD; M. Cristina Leske, MD, MPH.

Data Safety and Monitoring Committee Members: Curt
Furberg, MD, PhD, Chairman; Richard Brubaker, MD;
Berit Calissendorff, MD, PhD; Paul Kaufman, MD;
Maureen Maguire, PhD; Helge Malmgren, MD, PhD.
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