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INTRODUCTION

DIABETES MELLITUS IS A LEADING CAUSE OF VISUAL LOSS IN ADULTS IN

America today.12 Although many aspects of the visual system can be
affected by diabetes mellitus, the major contributor to visual impairment is
retinopathy.3'4 In some situations, the more advanced stages of diabetic
retinopathy can be influenced by medical and/or surgical techniques.5,6
There have been numerous attempts at intervention early in this disorder

to prevent the development of these more advanced, and visually threaten-
ing, stages. One example of this approach is the Diabetes Control and
Complications Trial (DCCT), a large multiple medical center collaborative
study. It was an attempt to use rigorous metabolic control to try to influence
retinopathy progression.7 The DCCT data are being analyzed at this time
and should be published in the near future. Another recent study involved a
pharmacologic agent that was thought to inhibit diabetic retinal vascular
changes.8 So far, however, none of these techniques have influenced the
development of such problems in most patients with diabetes.
The following is an effort to increase our knowledge about the earliest

clinically visible aspects of diabetic retinopathy. Previous studies have not
been directed toward an examination of diabetic retinopathy at this prelimi-
nary phase of its development. This may have been because the amounts of
patlhology in each eye were too small to permit the more common pro-
cedures available for the evaluation of diabetic retinopathy. However, in the
recent past, a quantitative and reproducible methodology to measure the
lesions in such eyes has been developed and was used in this study.
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A renewed interest in the biochemical pathways that may participate in
the initiation of diabetic retinopathy resulted in this special attention to the
earliest clinically measurable features. Many investigators believe that the
development of the first clinically detectable diabetic changes should be
able to be influenced by various therapeutic regimens. To assist their
researclh efforts, independent fuindus photo reading techniques that were
unbiased, and could be masked to ensuire the security of several coexisting
studies, were needed. This resulted in the evolution of the diabetic retinopa-
thy photographic grading procedures used in this report. The greatest
amounits of work of this variety, at this time, involve studies of the aldose
reductase inhibitors. One needs an understanding of the presumed role of
aldose reductase inhibitors in the origin of diabetic retinal vascular disease
to be fully aware of the features that were evaluated.
The biochemical studies of aldose reductase in ocular tissues progressed

from an analysis of lens metabolism. In 1959, it was found that diabetic rats
developed high concentrations of sugar alcohols in their lenses.9 Soon
afterward, it was demonstrated that this was caused by the activity of the
enzyme aldose reductase in the lens epithelium.l(' In those experimenetal
animals, the lens epithelial cells do not contain a mechanism to remove
excess intracellular glucose; the intracellular glucose levels rise to approach
extracellular levels by diffusion. At these high levels of glucose concentra-
tion, aldose reductase acts to convert glucose to sugar alcohols, such as
sorbitol. Since those sugar alcohols cannot diffuse out of the cells, as sugar
itself can, their osmotic effects lead to cell death and cataract formation.

Other cells in the eye, however, do not develop high enough sugar alcohol
concentrations to produce cell death; in that situation, alternative pathways
and problems are found. One of the diabetic retinopathic events that
predates clinically visible changes in humans is a thickening of retinal
capillary basement membranes.I 1,12 Similar retinal capillary basement mem-
branie thickening was found in experimental animals fed diets high in
galactose. 13'14 This capillary basement membrane thickening was able to be
prevented by the addition of an aldose reductase inhibitor to the experimen-
tal animal's diet.'5

Another diabetic retinopathic event that occurs before the onset of
clinically visible changes in humans is the loss of pericytes from the retinal
microcirculation.16 The identification of aldose reductase in these human
cells implied that biochemical events that result in sugar alcohols could
occur.17 In the experimental animal model of diabetes, similar changes in
retinal capillary pericytes were found; however, these were preventable with
the use of aldose reductase inhibitors.'8
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A number of other corresponding research findings resulted in questions
about the role of aldose reductase inhibitors in the prevention of the earliest
clinically measurable diabetic retinopathic changes in humans. Since these
agents appear to benefit animal models of diabetes, several drug manufac-
turers initiated preliminary experiments in human volunteers. By establish-
ing a cooperative venture with various pharmaceutical investigators, experi-
mental techniques were designed so that the natural history cohort popula-
tions could demonstrate these earliest stages of diabetic retinopathy and
their rates of change. The report that follows is compiled, in part, from data
collected in this manner. Since the work of these other investigators and the
study reported here were able to overlap without compromising their
interests, they were willing to cooperate in this activity. Those parts of these
studies, however, that are within their proprietary interests will not be
included in this report. The subjects of this report, therefore, are those
members of the preliminary untreated control populations that remained as
members of the natural history cohort populations.

HISTORIC REVIEW

One attempt to measure some of the early stages of diabetic retinopathy was
described at the Airlie House Symposium on the treatment of diabetic
retinopathy in 1968.19 The discussions at that symposium indicated that
those investigators were aware of the lack of sensitivity in their methods.
Nevertheless, since they wanted to include all aspects of diabetic retinopa-
thy in one grand scheme, this was not considered a major problem. How-
ever, at the same time, some investigators were aware that one could relate
visual prognosis to the earliest stages of what was called background diabetic
retinopathy.20 During the years that followed the Airlie House Symposium,
the techniques and tools that evolved from that meeting became the stan-
dards for measuring diabetic retinopathy and its progression.21
One large-scale test of the evolving methodology for the measurement of

diabetic retinopathy was the Diabetic Retinopathy Study (DRS).22 The
DRS was a multiple medical center collaborative treatment trial initiated by
the National Institutes of Health. It involved 1,758 patients, and they were
followed with serial examinations and color stereo photographs at frequent
intervals between 1972 and 1979.22 Those investigators compared their
clinical photos to a series of preexisting photos to determine if the retinal
pathology was less than, equal to, or greater than, that seen in those
standardized photos.23-27 The large volume of data accumulated in the DRS
required a modification of the original Airlie House Classification System
for ease in data management.21
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The next m-iajor evolutionary clhainge of this imiethodolopg occnlrred whlen
the Nationial Institutes of Health initiatedl a treatmenit trial for diabetic
retinopatlhy, at ani earlier stage of its development. This project, the Early,
Treattment Diabetic Retinopatlhy, Study (ETDRS), was anlotlher imutiltiple
medical center collaborative study. To halnldle the neNw data that wN7as ex-
pected from the ETDRS, acnd relate it to the data already, accumulalted fromii
the DRS, furtlher imodificationi of the Airlie House Classificatioin systen wvas
needed.28 However, before the ETDRS could be completed, several addi-
tioncal treatmnenit trials were able to evaluate these developing techniques.29--34
The ETDRS aind these otlher studies used classification sclhemiies thcat ex-
panded the rainge of measurable diabetic lesions. Some attemupted to subdi-
vide the early, diabetic retincal lesionis ideentified in patient plotos.29,30 This
resulted in new diabetic retiniopatlhy categories, suchl as "no classifiable
retinopathy" (NCR); this termn was tused to categorize can eve that lhad somle
background retinopatlhy but inot enouglh to be within one of the otlher
defined groups. Specifically, NCR was described as "tlhe presence of micro-
aneurysmis or red dots <125 ,um in diamiieter wvithout miiacular edema or halrd
exudates e(Jual to or greater thalin a standard photo."29 The next category was
P(), whichl was "at least one microaneurysm or red dot <125 ,um in diallmeter,
plus macular edema represented by either retinal thickeninlg or hard exu-
dates greater thalna, or equal to, a standard photo."29 The remiiaiililng catego-
ries included miore microaneurysms aind hemiiorr-lhages, alonig with ain in-
creased frequency of soft exudates, venous beadinig, intraretinial microvascu-
lar abnormalities, and neovascularization.

Although these studies were able to widen the range of their grading
systems, it was not until the ETDRS methodology came into common usage
that a greater understanding of the early diabetic lesions evolved.35,36 One
of the features that made the ETDRS supersede other retinopathy mea-
surement schemes was its strategy to differentiate microaneurysms from
small retinal hemorrhages.28 In the ETDRS, a microaneurysm was de-
scribed as a red spot in the retina that was <125 gim in its longest dimension
and had shaip margins. Any red spot that was >125 gim in its longest
dimension was to be called a hemorrhage, unless it had sharply defined,
round, smooth margins and a central light reflex, in which case it was a large
microaneurysmn. All other red spots that looked like microaneurysms, but
did not fulfill these definition requirements, were called hemorrhages.
As an extra refinement, the ETDRS included a system for counting these

lesions in each photographic field.28 The photographic field was given a
grade of 0 if there was no evidence of such lesions, a grade of 1 if there was a
question in the mind of the photo reader that such a lesion was present, and
higher grades if such lesions were visible. However, that scheme stopped
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countinig numl)ers of' lesions whleni more thlani two lesions were preselnt in
the same photographic field.28 In other- words, if there were more thlall two
inicroaneuirvsms, an/clor other lesionis, they were considered to be too
niuimierouis to counlt.
The nlext steps in the evolution of gradinig schemnes for early diabetic

retinopathy wvere built upon this ETDRS mnethodology.37:38 However, the
stuidies that used these procedures had visutal acuity band overall retinopathy
as end points anid therefore did not emphasize the early measurements. In
one study,37 retinopatlhy levels were defined for each eye as follows: level 1,
no retinopalthy; level 1.5, retincal hemorrlhages only cand no microaneurysms;
level 2, microaaneurysms only; an(d higher levels related to the preselnce of
other lesionls, suclh as exudates. In canother study,:38 the data froin the two
eyes were comlbiined to achieve an overall patient retinopatlhy level. Nev-
ertlheless, the early diabetic retinopatlhic dlata available from these studies
was limited because of the wealth of other information of interest to those
investigators. Similar problems were found in the further anialyses of the
Kroc Collaborative Study data.:39 Even with these issues influencing data
anialyses, these studies emnphalsized the fact that the earliest clinically observ-
able (liabetic retinopatlic clhanges seemned to be hemorrhalges, microalleu-
rysmiis, anid exudates. In addition, these reports illustrated the presumption
that some kincds of lesions appear before others, as if in a temporal cascade.

As this increase(d tin(lerstandinig developed, it was imnplied that imicro-
aniemilysmiis could be one of the earliest diabetic retinopatllic lesions detect-
able by clinical examiniationi. However, there was concerni that features
associate(l Nith microaneurysms were being misinterpreted, because these
lesions could be quite small and difficult to see against the red coloratioll of
the retinia itself. For this reason, some investigators chose to study micro-
aneurysms with fluorescein angiography. That technique permitted a mea-
suremneint of microanieuirysmns as small as 20 mg in diameter.40' Although that
revealed additional informnatioin about microaneurysmus, it also demonstrated
that mnicroaneurysm-s tend to become fewer in number, and/or disappear,
over time.40) It was thought that this reduction in microaineurysms may be
due to capillaiy closure and/or blood shunting arouind the area containing
the mnicroaineuirysmii. How this related to the initiation of diabetic retinopa-
thy, anid the sequence of coexisting events, remained uncertain.
On a imore practical basis, lhowever, these findings resulted in some

confuisioni amonig cliniicians and research investigators. To verify data accu-
mulated in scienitific studies, some investigators believed that it was neces-
sary to evaluate microanieurysmns witlh two tecliiques: counting their num-
bers in color plhotographs and counting their numbers in fluorescein angio-
grams of select fields.3l-:34,3739-41 As determined by the bias of the investi-
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gator, this would result in either a paradox or a dilemma. The more
accurately one measured microaneurysms (ie, with fluorescein angiogra-
phy), the fewer microaneurysms one could measure (owing to field size
limitations). For most investigators and clinicians, this problem was resolved
by an early publication of the DCCT.42 That report described a comparison
of data from both techniques and resulted in the following understanding:
"Angiography allows a modest increase in sensitivity to the earliest signs of
retinopathy, a gain potentially useful in some research applications, al-
thouglh not of demonstrated value in patient management."42

This, then, brings us to the work reported here. As mentioned in the
introduction, this study is devoted to clinically visible clhanges in humans. It
is restricted to those items that can be detected by any ophthalmologist with
commonly available tools. Features that require specialized techniques,
such as angiography, are omitted. For this reason, it may appear that the
reported results are associated with a reduced sensitivity. However, since
the same sensitivity level is present in all phases of this study, this potential
error should be reduced to an inconsequential amount. Some recent work
appears to confirm that presumption,43 and certain features that support
this concept will be described in greater detail in this paper.

METHOD

The study population consisted of individuals that were known to have
insulin-dependent diabetes mellitus.44 They were recruited originally into a
series of studies by their regular medical doctors, since their primary
physicians were regional investigators in various drug trials. Because many
medical centers were involved in these pharmacologic studies, the clinical
investigators at each site had to obtain the approval of each local Institu-
tional Review Board (IRB) before enrolling patients. At enrollment, each
participant was required to sign a local IRB consent form that allowed the
accumulated clinical data to be used in the manner reported here, providing
that individual identifiers were removed.
The patients who volunteered to enter these studies could be fem-ale

withouit childbearing potential or male. This restriction was required by tlle
pharmiaceutical coinvestigators because of the uncertaini teratogenic influ-
ence of the agents they planned to study. In female patienits, this lack of
clhildbearing potential had to be demonstrated by a ncatural, or surgically
induced, postmnenopausal status or by the presence of a surgically iniduced
sterility, confirmned by the clinical investigator.

At the time of their origincal enrollments, these patients lhad to be be-
tween 18 and 54 years of age as of their most recenit birthdays. Their insulini-
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dependent diabetes mellitus had to have been diagnosed before they were
40 vears of age, and the known duration of their insulin-dependent diabetes
hald to be more than 2 years and less than 15 years. At entrance into the
studies, eaclch patient had to weigh within -20% and +20% of the "'normal"
vallues for heiglht and age as established from current actuarial tables. The
diabetes control hald to be witlh conventional injections of insulin (ie, wvith
tvo, or fewer, injections of insulin eaclh day); "rigid control" regimens,
conltinluous subcutaneouis infusions, and oral lhypoglycemic agents were
excluded.

At the time of entrance into these studies, each patient had to have
evidence of clinically stable diabetes mellitus for at least 3 months before
initial enrollment. This had to be shown by (1) the absence of ketoacidosis
and symptoms attributable to miarkedly uncontrolled diabetes mellitus, (2) a
history of an absence of significant hypoglycemic symptoms, (3) an overall
impression to the primary physician of stability as ascertained by the total
clinical presentation, and (4) chemical stability for 3 months, or more,
before enrollment as judged by the clinical investigator at the site of
enrollment.

In addition, patients were excluded from this study if they had any of the
following medical problems: evidence of hepatic disease, cerebrovascular
disease, decompensated or unstable cardiovascular disease, uncontrolled
systemic hypertension, history or presence of a malignancy (excluding suc-
cessfully resected basal cell skin cancer), mental illness, alcohol or drug
abuse, history of pituitary surgery or pituitary irradiation, or a requirement
for chronic antiplatelet drug or anticoagulant tlherapy. Patients were ex-
cluded if there was evidence of renal disease as manifested by a serum
creatinine level of 2 mg/dl or greater.

Ocular inclusion criteria required the presence of two eyes and the visual
acuity to be correctable to 20/30, or better, in each eye. Color stereo
photographs of each eye had to be of a quality that would permit the
accurate and reproducible grading of diabetic lesions. The original goal was
to approach the criteria for the ETDRS.28 The photos had to document that
there was diabetic retinopathy in at least one eye of each patient, and if
there was any diabetic retinopathy present, it was manifested by the pres-
ence of a total of 5 or fewer inicroaneurysms, or small round intraretinal
hemorrlhages, in the most involved eye.

Patients xvere excluded if there were any ocuilar problems that prevented
good-quality color stereo photographs. In addition, patients were excluded
from this sttudy if any of the following were preseint: evideilce of previous
photocoagulation of the retina; iris neovascularizationi as defined by new
vessels in the ainterior chlamber aingle, or on the iris surface, or at the
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pupillayi rlac-gin; aplakika; a historyN of' anY previous ocular surgery; glatucomlla
requiirinig me(licationi; an intratocuilari pr-essuire of more tilail 25 mmll Hg; or
anly re(quiremllenlt f')r chr]-onic ocuIlar lmedicationi.

After the clinical investigators at the study sites verified that the patients
fulfilled the ciiteria for these studies, an agreement was reached with eaclh
patient regarding participation in the researclh activity, and the local IRB
re(Juirements were satisfied. Then, the patients had color stereo photo-
graphs taken of eaclh eye. To aclhieve uniformity of in photographic quality,
the following techniquies were used:

EQUIPMENT

A modified fiunduis camiiera was used to perform stereo photography. Al-
thouglh many cameras could performn this activity, it was necessai-y to have a
30-degree photograplhic field to maintain uniform quality in this study. The
most commonly used cameras sometimes needed to be modified in a minor
way to take satisfactory photographs.45 The stereo photographic techlniques
described by Allen46 were recommended. The use of a mechalnical stereo
separ-ator was optional, provided that it was documented that stereo photo-
graplhs of a satisfactoiy quality could he produced in a consistenlt manner.

SEVEN STANDARD FIELDS OF THE FUNDUS

The seven stan(dard stereo photograplhic fields of the fundus for both the
Iight anid left eyes were defined specifically for these studies. Other studies
have used different definitionis of standlard photographic fields, and these
were not interchlangeable with this study. To verify the accuracy of the
accumltulated data, the seven standard fields had to be reproduced precisely
by photograplhic teclhnique. The followinig description of our seven standard
photograplhic fields was based on the assumption that there were two cross-
halirs in the camiiera ocular (one vertical acnd the other horizontal). Cameras
that did not halve cross-lhairs in the oculars could be used if the photographlic
fields corresponided witlh that descrihed in the following paragraphs.

Field 1-Di.sc. The ceniter of the optic disc Wxas at the intersectioni of the
cross-lhairs of the ocular.

Field 2 MAacilda. The center of the macula was immnlediately adjacenit
anid conitiguouis to the intersectioni of the cross- hairs of the ocular. (Note: If
the cross hairs were immediately in the center of the macula, the foveal light
reflex could obstruct some areas of visualizationi.)

Field 3-Temiporal to the Maciila. The nasal end of the horizontal cross-
hair corresponided xvitlh the center of the macuila.
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Field 4-Superior Temporal. The lower edge of this field was tangent to a
horizontal line passing through the upper edge of the optic disc; the nasal
edge of this field was tangent to a vertical line passing through the center of
the optic disc.

Field 5-Inferior Temporal. The uipper edge of this field wacs talngent to a
horizontal line passing through the lower edge of the optic disc; the nasal
edge of this field was tangent to a vertical line passinig through the center of
the disc.

Field 6-Superior Nasal. The lower edge of this field was tangent to a
horizontal line passing through the upper edge of the optic disc; the
temporal edge of this field wa.s tanigent to a vertical line passing through the
center of the disc.

Field 7-Iniferior Nasail. The upper edge of this field was tangent to a
horizontal line passing through the lower edge of the optic disc; the tempo-
ral edge of this field was tangent to a vertical line passing throuigh the center
of the disc.

METHODS OF PROCESSING, MOUNTING, AND LAELING PHOTOGRAPHS

In this stuidy, Kodachrome #25 Daylight Film was used and processed at the
Kodak laboratories that were convenient to the local clinical sites. Other
varieties of film, and other processing laboratories, may have been satisfac-
tory. However, prelimninary tests with other brands of film and processing
teclhniques revealed potential problems in color perception by the photo
readers if differing sources were used. The choice of one particular product
and laboratory guaranteed a standard of reliability and reproducibility.
The photograplhic transparencies were mounted in standard cardboard

2x2 ready mounts. These trainsparenicies were identified by a coded label to
attempt to prevent bias by the photograplh graders. The photographic
transparencies were stored in clear plastic slheets containinig 20 pockets per
sheet. One sheet of 20 pockets was used for each eye. The transparencies
were placed in the pockets so that the openings were toward the person
imiounting the slides. The trainsparenicies were oriented in the plastic sheet
for ease of stereo viewing with field 1 in the upper left, field 2 immediately
below that, field 3 below that, field 4 below thalt, field 5 in the bottom left,
field 6 in the upper right corner, and field 7 immedeiately beneatlh thalt.

PHOTOGRAPHIC QUALITY AND PATIENT ELIGIBILITY

The photographs were used to determine wlhetlher or not the patients
satisfied eligibility requirements. The inclusion of findings sufficient to
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satisfy eligibility requirements and the absence of exclusionary lesions had
to be evident within the photographs. The photographs were graded for the
presence of clinically relevant findings, the lack of exclusion criteria, and
photograplhic quality. The results of these evaluations were sent to each
investigationial site. If patient eligibility could not be determined because of
poor photographic quality, the investigational sites had to supply new photo-
graphs that were satisfactory or the patient was removed from the studies.

Since the results of these studies were to be determined by photographic
documentation of retinal lesions, all photograplhs were graded for quality on
the basis of the following features: how closely the photo corresponded witlh
the definition of the photographic field; clarity and focus (how well the
reader could identify retinal structures); stereoscopy (were the stereo pairs
satisfactory to identify the depth of a lesion within the retina). Poor quality
was defined as photographic fields that were more than one disc diameter
away from definition, clarity too poor to permit identification of retinal
structures, and/or no stereoscopic effect. A requirement to repeat the
photos, or to remove the patient from the study, would develop if two or
more stereo photo pairs (out of a total of seven pairs per eye) were of poor
quality.

OPHTHALMIC PHOTOGRAPHERS

The photographs of the retina were the most importanit items needed for
documenting these ocular features. Without quality photograplhy these
studies could not be performed. For this reason, each investigational site
was encouraged to use the same photographer for all patients in these
studies. If the original site photographer could not be available for all
patients, patients were required to return for separate visits for photograplhs
when that photographer was available.

FUNDUS PHOTOGRAPHY READING LABORATORY

This is a research laboratory designed as a core facility for several ongoing
retinal studies. The functions of this laboratory in these diabetic studies
were as follows: to determine patient eligibility, to monitor photographs for
quality control, and to grade the photographic data.
The eligibility of patients for inclusion within these studies was deter-

miined at two points. The first was by the clinical investigators and the
second was at the Fundus Photography Reading Laboratory. If there was
disagreement between these two evaluations, telephone communication
was initiated. However, unless photographic documentation could demon-
strate eligibility for these studies, patients could not be enrolled. Therefore,
although patients may have appeared to satisfy the requirements of these

754 FE,l.,



Clinically Visible Features of Diabetic Retiiopathy 75

studies at the original clinical sites, unless there was satisfactory photo-
graphic documentation to verify the eligibility, the patients could not be
entered into these studies.
The photographs were graded by the readers at the Fundus Photography

Reading Laboratory. These readers were masked as to patients and clinics in
the making of these assessments. If there was a discrepancy between the
investigational sites and the Fundus Photography Reading Laboratory in the
eligibility or rating of a photographic series, the senior investigator adjudi-
cated this difference of opinion.

There is an ongoing programn to continually monitor and improve quality
within the Fundus Photography Reading Laboratory. Periodically, duplicate
masked photographs are sent to the same photographic reader to determine
if the interpretation is being performeld in the same manner.47 This infor-
mation compares the photographic reader's original interpretation with the
second interpretation. If a discrepancy is determined, retraining of the
photographic reader is initiated. In addition, there is a masked internal test
performed in a periodic manner to determine if all photographic readers are
interpreting data in a similar manner. To further ensure quality work by the
Fundus Photography Reading Laboratory, periodic visits by outside consul-
tants are made. These individuals use sets of classified photographs from
outside these studies for an evaluation of the readers. Additional training
programs are established if warranted by the evaluation results. In the
specific series of photos reported here, there was some concern about a
"temporal drift" in photographic interpretation. The photos used for this
study were taken over an interval of 4 years. Some of the internal tests
implied that there could be a small change of interpretation associated with
the increased experience and knowledge developed by the photo readers
during this interval; the photo readers may have become better at their jobs
when they had 4 years' additional experience. Therefore, all of the photos in
this report were re-graded within a 6-month period at the end of this study
to avoid this interpretation error.

PHOTOGRAPHIC FEATURES OF GRADED LESIONS

Originally, these studies were designed to measure the features examined in
the ETDRS.28 The ETDRS Manual of Operations, chapter 18 (in the
edition revised in March 1981), was used as a guide during the development
of this work. However, instead of comparisons to standardized photos, the
work reported here used descriptions of the most relevant anatomic and
pathologic aspects of each suspect lesion. In this manner, while the ETDRS
compared a lesion in a study eye to a similar lesion in a standard photo, the
photo reading system used in this report described lesions in more anatomic
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terms (eg, it used narrative descriptions of the lesions, counlted the numbers
of lesions, meassured their sizes).

Somne items graded in the ETDRS needed to be omnitted or modified
becatuse the ETDRS was restricted to aldifferent samiiple patient populationi.
The data reported here, as compared witlh the ETDRS, were from patients
w7ith much less severe diabetic retinopathy. Some lesions, wvhich wvere
graded in detail in the ETDRS, were not expected to be seen. At the saime
time, different kinds of informuation needed to be galthered to ilmake grada-
tions at these very mild levels. Therefore, certain modificatiolns were neces-
sary to include these features and to galther data not include(d in the
ET1DRS. The following is a description of the techniques used in (lata
collection for this report; it also refers to the correspondinig sections of the
ETDRS Manuial of Operations,28 xvhen suclh a correlation exists.

Coulnt of Microaneuerysnis in thte Are(a of the Seveni Stanidard Fieldls
This was an attempt to get ain overview of the number of intraretinial red
spots that appeared to be microaneurysms in the area covered by our seveen
standard fields. These red spots hald to halve round acnd shalrp miarginis alnd
hald to be 125 J1m or smnaller in diameter. The total could not be calculated
by mnerely adding the numbers of microaineuiysmns founid in eaclch field,
becauise there was an overlap of the individual photograplhic fields. The
error rate in this technique becomes a concern, since these fields overlap
one acnotlher. For that reason, the photo reader used this miethod for initial
screening only. The statistical data were analyzed fromn the "per field"
inlformcationi that is describedc next.

Counat of Mlicroane rysnns Per Field
There is some evidence that a patient xvith Inilanv microaneurvsms in the
area of our seven fields will have other diabetic lesions. Therefore, in this
section the exact nuimber in eacch photograplhic field was reported when it
was less thaln, or equal to, 20, but was considere( "too numnerous to counlt in
that plhotograplhic field" if greater thani that. This corresponided with part of
the descriptioni in the ETDRS Manual of Operations, clhapter 18.4.1.

Retina(il Hemorrhlai,ges aind/or La rge Microamneurijstnis in the Area of the
Seveni Stand(zardl Fields
This was a means of identifying and couniting all red spots not capttur-ed
above. All features previously recorded were excluded from this category. In
this section, one counted all round red lesions that were greater tlhan 125
jtm, along witlh anly of the red spots that were less thaln 125 gim that wvere not
thouglht to be microaneurysmls. In a mannier similar to that already de-
scribed, the photo reader used this method for initial screeninig only. For
statistical purposes, the "per field" data were used.
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Colunit of Retinall Hemorrhaaes (andl/or Large ,\licroa ..etjstiis Per Field
This was the same procedure as atlready described in regard to imicro-
anieurysms, but was restricte(l to hemorrlhages and(I large microaneurysms.
All red spots that were niot capture(l earlier were includled in this section.
Thlere is soImle e\idence that a patienlt withi miaIy retinlal lhemiorrllhages in the
area of the seven fields wvill have otlher diabetic lesions. Therefore, in this
sectionl the exact niuimiiber wvas reported in elch field when it was less thalnl, or
e(qtual to 20, but was considere(d too numerouis to coulnt in that photo-
gr(1aphic field" whlen there were mnore.

Totail Hemiiorr/hage.s andR Microaeu rysm.)7S (H/Alai)
In this iteml, the total nutmiiber of Il/Mas in each field was couniited. This
serve(l as ain initernial confirmatory step. The features in this category ap-
proximate those of ETDRS Manual of Operations, chalpter 18.4.2. wlven
there are manyv lesionis; when ther-e are fewer lesions, this resulte(d in finier
grad(lations than ini the ETDRS.

Soft Exud(lates
These were described for these studies as superficial white, or pale yellow to
wlhite, areas with ill-defined "fealthery" miargins. In these stuidies, these
lesionis were meassured in each photograplhic field. The cross-sectionall diaim-
eter of a single hypothetical lesion that combined all of these exudates
present in that one photograplhic field Wvas calculated and used to represent
the findinigs in that field. This part of these studies corresponded with the
ETDRS Manutal of Operations, clhapter 18.4.5.

Preretintal Hemorrlaage,s
This was define(d as a red lesion on the surface of the retina that appeared
(by stereo-optical techniques) to be in the preretincal, or sublyvaloid, space
antd did not invade the overlying vitreous. Since one could meeasure the area
of hemlorrhage, this feature could be established with some accuriacy. These
lesions, if presenit, would be similar to those described in ETDRS Mainutal of
Operations, clhapter 18.4.17.

Vitreouls Hemorrhlage
This item was meeasured with the saime teclhni(ues as those previously
(lescribed. However, in this situtationi, vitreous invasioil had to be deemon-
strated. This abbnormality had to be within the vitreous as demonostrated by
color stereo plhotograplhs. However, if present, these lesions were to be
menasured in cross-sectionial diaimeter only. This is similar to the ETDRS
Manutal of Operations, chalpter 18.4.18.
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Intraretinal Microvascular Abnormnalities
These were to be items that looked like early neovascular chaniges but were
within the body of the retina when stereo-optical techniques were used.
These represent intraretinal microvascular loops of varying widths. This is
the same as the features described in the ETDRS Manual of Operations,
chapter 18.4.8.

Hard Exuldates
Hard exudates were defined as small white-to-yellow deposits with sharp
margins. If present, they would be shining or glistening. One would expect
these to appear to be withlinl the body of the retina and to be deeper within
the retina than the soft exudates. The numbers of these lesions were
counted as in the ETDRS Manual of Operations, chapter 18.4.4.

Venous Beading
This would represent localized areas of symmetric increases of venous
caliber where the swelling extends evenly on all sides of the involved vessels.
The total number of venous beads seen in plhotographic fields 3 througlh 7
was to be counted. This corresponds with the ETDRS Maniual of Opera-
tions, chapter 18.4.6-A.

Neovascularization Elsewvhere
This was described as any new blood vessel on the surface of the retina, or
into the vitreous, except for those that were within one disc diameter (1,500
m,u) of the edge of the optic nerve. This grading was based on the total area
of retina covered by the new vessels in that photographic field. This corre-
sponds with ETDRS Manual of Operations, chapter 18.4.11.

Fibrous Proliferation
This was to represent "fibrous" tissue that was made of multiple fine lines
that were opaque and on the surface of the retina or extending into the
vitreous cavity. This was to be graded in terms of the area involved. This
corresponds with the ETDRS Manual of Operations, chapter 18.4.14.

New Vessels on the Disc
"On the disc" was interpreted in this system, and in the ETDRS, as meaning
"on the disc or within one disc diameter (1,500 m,u) of the disc." This lesion
was to be graded in field 1 only. An involved area with a diameter equal to
one-third disc diameter was assumed to represent an area with a cross
section diameter of 500 gm. This is described in the ETDRS Manual of
Operations, chapter 18.4.10.
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Clin icailly Signiiicanit Macidlr Edema
In light of the results from the ETDRS, this finding was reported, if present,
in each eye. This item correspon(ded to any one of the three criteria for
"clinically significant macular edem-'a" established by the ETDRS.48 These
criteria are as follows: (1) the finding of an area of thickeninig of the retina
either at, or withlinl, 500 mi, of the center of the imacula, (2) the idlentifica-
tion of hard exiidates either at, or witlhin, 500 iiig of the macular celnter
wlhen associated with retinal thickeniing, (3) the presence of onle or more
zones of retinal thickening, either one disc diameter in size or larger, when
some part of the ar-ea of thickening is within 1,500 inmj of the imacuilar ceniter.

RESULTS

This study measured the changes in diabetic retinopathic features found in
photographs of the eyes of 82 patieints, 63 men and 19 women. Patient ages
ranged from 18 to 54 years at the beginning of this study, and each patient
was followed for 4 years. The initial patient data are listed in Table I.

Patients were excluded from this study if either eye was found to have
more than five microaneurysms at the start. Table II lists the mean number
of microaneurysmns (and standard errors) in each photographic field of each
eye at the start and at the end of 4 years. Table III describes the changes in
microaneurysm counts for each photographic field found at the end of the
study.

In every instance, the mean number of retinal microaneurysms in each
patient was greater at the end of 4 years than at the start. This progressive
increase of microaneurysm counts was not uniform. WVhen this study began,
some patients had microaneurysms in one eye only; however, by the end of
the study, these patieints had microaneurysms in both eyes. At the same
time, a few of the patients that had bilateral involvement when this study
began ended the study with a reduced number of microaneurysms in one
eye and an increased number in the fellow eye.
Those patients that had microaneurysms in one eye and no abnormalities

in the fellow eye at the start of the study had changes that were different
from those in patients who began with bilateral microaneurysms. At the
beginning, there were 11 patients with unilateral microaneurysms in the
right eye (mean microaneurysm count for eyes with microaneurysms, 1.27;
SD, 0.47; range, 1,2); and 19 with unilateral microaneurysms in the left eye
(mean, 1.53; SD, 0.60; range, 1,3). When this study began, the eyes with
microaneurysms from patients with unilateral involvement appeared to be
the same as the eyes from patients who had visible pathology in both eyes.
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TABLE I: INITIAL PATIENT DATA

PATIENT NO). AGE' SEX DID (lH

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

18
18
20
22
23
23
23
24
24
25
26
26
26
26
27
27
27
27
27
28
29
29
29
30
30
31
31
31
31
31
32
33
33
33
33
34
34
34
34
35
35
35
35
36
36
36
36
36
36
37

Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Female
Femiale
Femuale
Male
Male
Male
Male
Male
Femncale
Female
Male
Male
Male
Male
Male
Male
Male
Male
Female
Femlale
Male
Male
Male
Male
Female
Male
Femiale
Male
Male
Male
Male
Male
Female
Male

3.0
3.5
6.0
4.16
2.5
3.0
11.16
2.0
4.0

13.0
14.0
4.0
4.33
9.0
3.0
2.08
9.08

14.0
7.5
3.0
5.0
2.25
9.0
2.0

13.0
6.0
5.25
5.0
2.0
8.0
6.0
11.42
6.0
4.0
3.0
2.0
3.25
3.0
2.25
3.75
8.0
2.25
2.42
5.5
11.92
3.0
3.0
6.0
9.0
2.25

8.8
10.6
7.4
9.2

11.,
9.2
6.9
5.6
7.9
8.1
5.9
8.2
8.0
8.0
8.9
5.6
9.2
9.5
7.2

12.4
7.9
9.6
6.1
5.4
7.6
8.3
8.0
9.6
7.3
8.7
8.4
7.5
8.5

10.8
8.5
4.8
8.7

10.5
6.2
5.6
8.6

10.6
8.1
6.3
7.8
8.1
8.4
6.7
9.6
7.5
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\FIF:NT No.

TABLE I: INITIAl. II.LXNT D:VFA J:ONTDY

;E° s \ 'DD1)11)

37
:38
:38
:38
:38
:38
:39
:39
:39
:39
:39
40

40

41
42

42

42

4:3

4:3

44

45

45

45

45

46

46

46

47

47

47
48
54

Male

Male
Male

Male
Male

MaIale
NIale
Male
Fe mt ale

Male

Female
Nlale
Male

Feiaatle
MIale
Female

NItMle
Male

Male

Male

Male
Male

Male

Female
F'emoale

Male

Male

Male

Female
Female
Femalille
Male

5.0
8.0

2. 7,5
9.()
6.0

4.0

7.0

2.0

4.0
6.0

2.:3:3
14.92

2.5
6.()

7.75

:3.0
4.0
15.0
4.0

4.5
1(.(
8.25
9.(
6.5

1().()10.0
:3.()
7.0

12.0

10.58

14.0

12.25

12.0

(;II

7.:3
8.8

8.1
7.(
7.8

9.5

9.2

8.(
10.4

8.7

6.4
7:3

6.4

9.6

9.4
7.5

8.7

9.4
8.9

10.7

10.4
10.2

8.8

9.

6.2

9.()
6.8

5.4
10:3

6.1

9.(
7.7.

D)I), (Iirittion of josiulin-dependent diabetes m]ellitis at enitriance illto thils study; GII, gl\cos\-
lated hemoglobin levxel at entrance to st(lv.
'Ag-e of' ptient at itmost recenit birth(lav before eniterilg stlt(ud.

At the endl of 4 years, however, those that started with unilateral right eye

involvemenit developed a right eye mean of 2.18 (SD, 0.87; ralnge, 1,4), and
those that started with unilateral left eye involvemnent were found to have a

left eye mean of 1.83 (SD, 0.83; range, 1,4). During this same interval, those
patients that started with bilateral microaneurysms ended the study with a

right eye mean of 5.16 (SD, 4.75; range, 1,22), and a left eye mean of 5.91
(SD 5.71, range 1,22). By t-test analysis, these populations were different;
those eyes that belonged to patients with bilateral microaneurysms at the
start developed more new microanieurysmns than those that begani with uni-

5'
52
.53
54

56
.57
58
59
60
61
62
6:3
64
65
66
67
68
69
70
71
72
7:3
7-4

,.

j

76

78
79
80
81
82
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TABLE II: MEAN NIICROANEEURYSMI COUNTS

MEAN C(OUNT AT NIEAN COUNT AT
START (SE) 4 YR (SE)

Riglht eve
Field 1 0.15 (0.04) 0.96 (0.29)
Fiekl 2 0.22 (0.05) 1.45 (0.31)
Field 3 0.12 (0.04) 1.29 (0.31)
Field 4 0.16 (0.04) 1.29 (0.32)
Field 5 0.04 (0.02) 0.95 (0.26)
Field 6 0.02 (0.02) 0.77 (0.23)
Field 7 0.09 (0.03) 1.18 (0.32)

Left eve
Field 1 0.12 (0.05) 1.26 (0.371)
Field 3 0.24 (0.06) 1.63 (0.34)
Field 2 0.20 (0.05) 1.01 (0.26)
Field 4 0.12 (0.04) 0.98 (0.30)
Field 5 0.12 (0.04) 1.20 (0.29)
Field 6 0.12 (0.04) 0.8:3 (0.19)
Field 7 0.12 (0.04) 1.56 (0.42)

TABLE III: IN(CREASE IN MICROANEURYSNI COUNTS
AT 4 YEARS FOR ALL EYES

MEAN COUNT
INCREASE (SE)

Riglht eve
Field 1 0.82 (0.28)
Field 2 1.23 (0.31)
Field 3 1.17 (0.30)
Field 4 1.13 (0.32)
Field 5 0.92 (0.26)
Fiekl 6 0.7-4 (0.23)
Field 7 1.10 (0.31)

Left eve
Fiekl 1 1.13 (0.371)
Fiekl 2 1.39 (0.34)
Field 3 0.82 (0.26)
Field 4 0.85 (0.31)
Fiekl 5 1.07 (0.29)
Field 6 0.70 (0.19)
Field 7 1.44 (0.41)

lateral involvement (P=.0003). At the beginning, for those with bilateral
involvement, there was a correlation between right and left eyes for micro-
aneurysms in photographic field 2 (Spearman rank correlation, r=.71, P =
.0002); at the end of 4 years, a correlation remained (Spearman rank
correlation, r=.61, P=.0001).
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Some eyes seemed to have little change in overall counts at the end of this

4-year interval; however, when the serial photographic fields were examined
in detail, it was found that there were times when some counts per field
increased, while others were unchanged and others decreased. Table IV
shows the percentage of photographic fields of each eye that were found to
have increased numbers of microaneurysms at 4 years when compared with
the start of the study. When those photographic fields that demonstrated
increases in microaneurysm counts were examined alone, a much greater
change in mean microaneurysm counts was seen; these findings are listed as
Table V.

Most of the eyes that had photographic evidence of diabetic retinopathy
had that feature characterized by microaneurysms in photographic field 2.
Changes in the total numbers of microaneurysms in each eye, the numbers
of microaneurysms in the other photographic fields, as well as all other
aspects of diabetic retinopathy measured, appeared to follow those changes
seen in photographic field 2. In those few eyes (four right, six left) that
appeared, at the end of 4 years, to have had an improvement (ie, a reduction
in microaneurysm counts) in field 2, most of the other fields had no change,

TABLE IV. PERCENTAGE OF PHOTOGRAPHIC FIELDS WITH
INCREASED COUNTS AT END OF 4 YEARS

PHOTOGRAPHIC % WITIH INCREASE % WITH INCREASE
FIELD RIGHT EYE LEFT EYE

Fiel(i 1 31 34
Field 2 38 44
Fiel( 3 :35 23
Fiel( 4 31 28
Field 5 32 32
Field 6 32 29
Field 7 35 38

TABLE \V CHANGE IN MIICROANEURYSNI COUNTS PER
PIIOTOGRAPIIIC FIEI)D IN THOSE WITH INC:REASES

AT 4 YEARS

PHIOTOGRAPHI(C RIGHT EYE LEFT EYE
FIELD NIEAN (SE) NIEAN (SE)

1 2.84 (0.78) 3.57 (0.94)
2 3.38 (0.66) 3.38 (0.62)
3 3.48 (0.66) 4.22 (0.74)
4 3.88 (0.83) 3.26 (0.92)
5 2.96 (0.68) 3.38 (0.69)
6 2.38 (0.63) 2.73 (0.44)
7 3.24 (0.73) 3.87 (0.95)
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but some became better and a few became worse (Table VI). When there
was no change (ie, there were the same numbers of microaneurysms at the
end of 4 years as at the beginning) in field 2, there was no change in about
84% of the other fields, while an additional 13% became worse (Table VII).
However, when photographic field 2 became worse, (ie, had more micro-
aneurysms), most of the other fields became worse (Table VIII).

TABLE VI: FIELD 2: CHANCE FOR THE BETTER

RI(;HT EYE LEFT EYE
% CHANG;ES IN OTHER FIELDS % CHANGES IN OThIER FIELDS

NO NO
BETTER CHANGE WN'ORSE BETTER CHANCE WN'ORSE

Field 1 50 50 0 33.3 66.7 0
Field 3 0 75 25 50 50 0
Field 4 25 75 0 0 0 0
Field 5 25 75 0 0 83.3 16.7
Field 6 0 100 0 0 100 0
Field 7 0 100 0 0 100 0

TABLE VII: FIELD 2: NO CIIANCES

RICHT EY'E LEFT EY'E
% CHANCES IN OTHER FIEL.D)S cl CHANCES IN OTHER FIEILI)S

NO No
BETTER (CIHANCE WORSE BETTER (CIIANGE WORSE

Field 1 0 95.7 4.3 0 87.5 12.5
Field 3 4.3 85.1 10.6 5 95.0 0
Field 4 4.3 80.8 14.9 5 85 10
Field 5 2.2 871.2 10.6 2.5 9( 7.5
Fiel(l 6 2.2 78.7 19.1 7.5 82.5 10(
Field 7 4.3 76.6 19.1 2.5 80 27.5

TABLE VIII: FIELD 2: CHANCE FOR WORSE

RICHT EYE L.EFT EYE
% CHANCES IN OTHER FIELDS % CHANCES IN OTHER FIELDS

NO NO
BETTER CHANCE WORSE BETTER CHAN(GE WORSE

Field 1 6.4 19.4 74.2 8.3 27.8 63.9
Field 3 9.7 16.1 74.2 8.3 41.7 50
Field 4 3.2 38.7 58.1 5.6 41.7 52.7
Field 5 0 32.3 67.7 8.3 30.6 61.1
Field 6 3.2 41.9 54.9 5.6 41.7 52.7
Field 7 6.5 29 64.5 5.6 38.9 55.5
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Retinal hemiiorrlhages were less common than muicroanieurysims in this
study. At the start, it was rare to find any hemorrhages; and those that were
present appeared as isolated "flame-slhaped" lesions witlh "feathery mar-
gins." In the original photos, retinal hemorrhages were found in five right
eyes and nine left eyes. One left eye had two hemorrhages in photographic
field 2, while all of the others were seen as single spots in individual eyes. At
the end of 4 years, retinal hemorrhages were present in 20 right eyes and 35
left eyes. At the conclusion of the study, every patient had at least one eye
that contaiined retinal microaneurysms, but only 43% of patients had retinal
hemorrlhages.

At the end of 4 years, there were soft exudates in both eyes of three
patienits, and one additional patient had soft exudates in the right eye only.
All of these soft exudates were near the center of the photograplhic field 2 of
the involved eyes and occupied areas of less than 500 m,u in diaineter. None
of these involved eyes had microanieurysms in field 2 of the entrance photos,
but they had betweein 4 aind 16 microaneurysms in the field 2 photos at the
end of 4 years.

Hard exudates were present in two left eyes only, and in no right eyes, at
the end of 4 years. One eye had a ring of six hard exudates in the superotem-
poral portion of photographic field 2, and the other eye had a ring of ten
lhard exudates in the inferotemporal portion of photographic field 2. In
addition, one of these individuals had bilateral soft exudates as described in
the previous paragraph.

At the time of the 4-year photograplhs, one patient had intraretinal
microvascular abnormalities (IRMA) in both eyes, while two other patients
had IRMA in the left eye alone. All of the areas of IRMA occupied regions
that were less than 500 m,u in diamneter. The one right eye had this lesion in
photo field 3, and one left eye had this lesion in photo field 3; the others
were located in photo field 2, temporal to the fovea, and immediately central
to the inferior temporal vascular arcades. These three involved individuals
were the same ones identified earlier with soft exudates in both eyes.

Venious beading was founld in both eyes of one individual at the 4-year
examiniation. These lesions were seen in photo field 3 only, and the patient
had all of the previously described lesions in his eyes.

During the 4 years of this study, there was no evidence, in any eye, of
preretinal hemorrhages, vitreous hemorrlhages, neovascularization, fibrous
proliferation, or clinically significant macular edema. There was, however, a
clustering of microaneurysms, exudates, IRMA, and venous beading in a
small group of patients; their data are presented in tabular form as Table IX.

Patients were excluded from entrance into this study if either eye was
found to have more than five microaneurysms. For this reason, it was
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TABLE IX: P\TIEINTS WITH EXUl)ATE,S ANI) OTHIER LESIO()NS

AT ENTRANC(E

DIABETES GIN(:OSYLATED
(CASE No SEX AGE YR) I)URATION YB) HE\1O(;LOBIN

6 Male 23 3 9.2
51 Male 37 5 7.3
71 MiMle 45 10 10.4
82 Male 54 12 7.7

AT 4 Y'EARS

RIGHT EYE 1,EFT EYE

C:ASE SOFT HARD VENOUS SOFT IIARI) VENOUS
NO). ENUI')AES EXUDASTES IBMAS BEADING EUDATI)ES EXUDATES IRBMA BEADING

6 + 0 0 0 + 0 + 0
51 + 0 0 0 0 + 0 0
71 + 0 + + + + + +

82 + 0 0 0 + 0 + 0

+, P-esent; 0. ab)sent: IRMA, iHitrairetioasil microvalslclar albioriialities.

expected that the amounts of initial pathology would be too small to relate to
features seen in later photographs. This was examined with ANOVA tech-
niques. When restricted to photographic field 2, there was no relationship
identified (P=.77). However, when later photographs of an eye were com-
pared with the photographic field of that eye with the most microaneurysms
at the start, it appeared that a slight relationship may exist (P=.026).

Demographic features were examined to determine if they were related
to changes in microaneurysm counts. Because of the gender bias in recruit-
ment, more than 75% of the patients in this study were male; nevertheless,
Fisher's exact test techniques indicated that there were no differences
determined that were related to the sex of the patients (P=.9). The age of
the patients at entrance into the study, a type of continuous variable, did not
appear to be related to any increase in the number of aneurysms at the end
of the study (ANOVA, P=.39).
The length of time that each patient had diabetes before entrance into

this study appeared to be related to the changes in microaneurysm counts.
Because of the small numbers and amounts of changes seen in other
photographic fields, this finding achieved significance for photographic field
2 alone. As indicated earlier, patients could enter this study if there was a
total of five, or fewer, microaneurysms in either eye at the start. At the
beginning of the study, the numbers of microaneurysms in field 2 had no
relationship to the duration of diabetes before the start (Student-Newman-
Keuls [SNK] Test for Variable, P=.23). However, at the end of the study,
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those eyes that had no apparent chanige in microaneurysm counts in photo-
graphic field 2 had a mean duration of diabetes of 8.87 years, while those
with increased counts had a mean duration of diabetes of 11.99 years (SNK
Test for Variable, P=2x10-4).

Glycosylated hemoglobin levels were used to examine these findings in
more detail. At the start of this study, the glycosylated hemoglobin level of
each patient was measured. The patients could then be divided into four
groups of nearly equal sizes; those with levels of less than 7.3, 7.3 to 8.4, 8.5
to 9.3, and greater than 9.3. At the start, there was no relationship between
glycosylated hemoglobin levels and microaneurysm counts on a "per eye"
basis, or on a "per photographic field" basis. Multiple combinations were
examined and positive findings were detected at the end of 4 years only. The
relationship of eye findings and glycosylated hemoglobin levels that
achieved significant statistical value was detected only when that group of
patients with the lowest glycosylated hemoglobin levels at the start were
compared with the highest group. With the use of the Fisher's exact test, the
microaneurysm counts in field 2 at the end of the study were related to the
initial glycosylated hemoglobin levels (lowest group was different from
higlhest at P=.0326). When the same test was used to examine the highest
and lowest groups with a comparison of the photographic fields that had the
most microaneurysms at the end of the study (that is, not restricted to field
2), a more powerful relationship was found (P=.015).

During the time of this study, the internal quality control analyses of the
Fundus Photography Reading Laboratory was designed to parallel the
ETDRS. The ETDRS used "pathology levels" and measured agreements
for that feature for all sets of photographs. At the time that the photos from
this study were included with all other photos at the Fundus Photo Reading
Laboratory, there was a perfect agreement for "pathology levels" in 96.8%
of eyes, and an agreement within one level in 99.5% of eyes. This resulted in
a kappa statistic of 0.958 and a weighted kappa (Kw) of 0.981. However, the
counting of microaneurysms represents a more exacting activity. For this
reason, the photographic interpretations used in this study were reassessed
for that feature alone. In that situation, the kappa statistic was 0.654, and the
Kw was 0.807. This interobserver agreement for the counting of micro-
aneurysms is not as good as that found for "pathology levels." However, with
the use of the standard benchmarks for interobserver agreement, this is an
"almost perfect" strength of agreement,47 and represents an exact agree-
ment in more than 75% of the photographic fields evaluated in this study.
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DISCUSSION

Althouiglh tlhere are many aspects of this report that mnayvwarrant discussioni,
this will be limllited to those features that appear to halve the greatest clinlical
relevance. In additioni, sinice some diabetic retiniopathic features, suchi as
venious abnormialities, vitreous hemorrhiage, fibrous proliferationi, and "clinli-
cally signiificanit macular edemnca," are well described elsewhere,5,63548 and
were rarely seen in this study, these features will not be discussed here.

Microanieurysms are the earliest clinically visible features of diabetic
retiniopatlhy. Althouglh they hald beeni well described in the Englislh litera-
ture,49 it wVcas the work of Friedenwald51) anid Cogan and associates51 52 that
imiade most Amnericani investigators aware of their signiificance. A popular
currenit theory about the oIigin of microaneurysmis implies that they develop
after the loss of retincal capillary pericytes.51-53 This pericyte loss is niot a
clinically visible feature.54 However, this cell loss resuilts in a weakened
capillaiy wall,55 and that is thought to result in the development of the
saccular bulges that ar-e detectable by clinical examination.54 The relatioll-
ship between numibers of microanieurysms and diabetic retinopatlhy severity
hals been a puzzle; this was fur-tlher confounded by the discovery that manNy
diabetic microaneurysms become clinically invisible as they age.54 However,
the results of the Kroc Collaborative Study4" anid a WVisconsini populationl-
based study56 appeared to demuonstrate the correlationi of greater numllbers
of microanieurysins with more severe diabetic retinopathy.

Retinal hemorrhages can develop, in theory, from any blood vessel within
the retina or from tissues adjacent to the retina. However, it is most likely
that the hemorrhages seen in these studies originated from the degenerated
capillaries that had lost their mnural pericytes and/or the rupture of dis-
tended microanieurysms. Those that are rounded, or "blot-shaped," are
often deep within the retina, while those that have "feathery-margins," or
"flame-shaped," appear to be more superficial, as has been described in the
earlier literature.519,28&35,49,50,57 However, since these hemorrlhages repre-
sent extravascular erythrocytes, they tend to disappear over time, as do the
microaneurysms previously described.54

Soft exudates represent localized infarctions of the nerve fiber layer of the
retina. This results in a coagulative necrosis of these isolated retinal
foci.58-60 However, as with retinal microaneurysms and hemorrhages, the
natural regenerative activity of the retina results in their gradual reabsorp-
tion; such exudates are transient and disappear over time. The duration
(time from onset to complete resolution) of soft exudates in young diabetic
retinopathy patients varies between 2 and 18 months; however, 50% disap-
pear in 8 months.61 Nevertheless, when identified in the eye, they may be a
hallmark of the start of a progressive change in diabetic retinopathy; since
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soft exudates represent one manifestation of microinfarction, wide areas of
subclinical retinal microvascular disease must predate their onset.36,58-6l
IRMA were defined in this study as intraretinal microvascular loops of

varyiig widths. They could have the clinical appearance of early neovascular
growth within the retina. In the ophthalmic literature, the description of
"IRMA" avoids an exact ainatomic definition.'9 In the past, a popular theory
implied that these were dilated and distended preexisting capillaries that
were acting as vascular shunts.62 More recent studies, however, appear to
confirm a coexisting, but less popular, theory57; they imply that some IRMA
may represent the earliest stages of neovascular growth.63

In this study, the most common lesions identified were microaneurysms
in photographic field 2; this was both at the beginning of the study and at the
end of 4 years (Table II). When both eyes were involved, there was a strong
correlation regarding the numbers of microaneurysms in photographic field
2 of eaclh eye. During the 4 years of the study, the changes in micro-
aneurysm counts in photographic field 2 appeared to be the guide to all
other changes in all of the other photographic fields (Tables VI, VII, and
VIII). This corresponds quite well with the work of Klein and associates,56
which implied that most microaneurysms will be in field 2 when there are
just a few in an eye and there will be a tendency to distribute micro-
aneurysms outside of field 2 when the number increases. The numbers of
other diabetic retinopathic lesions (that is, other than microaneurysms) that
were measured in this study were too few to permit statistical analysis;
however, the Kroc Collaborative Study40 revealed that such lesions, when
present, correspond with increased numbers of microaneurysms. For these
reasons, the numbers of microaneurysms in field 2 appear to be a good
guide to the presence, and severity, of the earliest stages of diabetic reti-
nopathy in an eye. In large population studies, such as epidemiologic and
public health surveys, it would seem that stereocolor photographs of field 2
would be sufficient to obtain satisfactory data.
The earliest clinically detectable evidence of diabetic retinopathy was

found in those patients who had microaneurysms in only one eye. In all of
these patients, microaneurysms in field 2 were the first features to develop
in their fellow eyes. This group of patients appeared to be behind the others
in the rate of development of all aspects of their retinopathy. However,
before the end of 4 years, all of these patients had microaneurysms in both
eyes and were no longer a unique subpopulation.

Other studies have indicated that there may be a relationship between
initial glycosylated hemoglobin levels and the rate of progression of diabetic
retinopathy.64'65 This was confirmed in this study but was noted at the
extreme comparison of lowest to highest glycosylated hemoglobin levels.
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There may be several possible reasons for this finding. The most obvious
appears to be the relatively good diabetes control required of all patients
entering this study. The otber reports646'5 described mean glycosylated
hemoglobin levels well beyond the higlhest levels seen in this stucdy popula-
tion. One must assume that the lower glycosylated hemnoglobini levels found
at entrance may have been associated with relatively good diabetes control
for the duration of the study.
The duration of diabetes was found to have the strongest correlationi with

the amount of diabetic retinopathy that was measured at the end of 4 vears
(P=2x10-4). This appeared to be independent of all other features, such as
age, sex, amiiount of retinopathy at entrance into the study, and glycosylated
hemoglobin levels. Althouglh this study was limnited to insulini-depeildent
diabetics, similar findings have been reported by others for all diabetics.66-68

SUMMARY AND CONCLUSIONS

Microaneuirysms are the first features of humani diabetic retinopathly that
can be detected with comnmoni clinical techniques. These are found, most
often, in photographic field 2 (that is, anl area occupying 30 degrees of the
ocular fuindus centered on the middle of the macula). After the first micro-
aneurysms develop, there will be a tendenicy for more to appear; however,
over time minany of the origincal microaneurysms will become no longer
visible with clinical techniques, while other, newer, microaneurysms ma-
ture.

After the onset of microaneurysms, several years may pass before any
other diabetic retinopatlhic lesions develop. Lesions other thani iicroaniei-
rysms were uncommoni in this study; the folloxving is a list in decreasinig
frequency: retinal hemiiorrlhages, soft exudates, IRMA, hlard exuidates, anid
venous beading. During the 4 years of this study, there were n1o other
diabetic retinopathic lesions detected.
The duration of insulin-depenident diabetes mellitus was related to the

rate of change in microaneurysm counts. The age and sex of patients did not
affect this rate of change. The accuracy of metabolic control, as determined
by glycosylated hemoglobin levels, may influenice this rate of clhanige; how-
ever, this was detected only at the extremes of measuremnent in this study.
The equipment available to most ophthalmologists call detect the earliest

clinical aspects of diabetic retinopathy. These features can be quianitified in a
reproducible mncanner with stancdardized photograplic teclhniiques to permit
satisfactory (lata analysis.
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