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Purpose: To investigate whether vascular endothelial growth factor (VEGF) or soluble intercellular adhesion
molecule 1 (sICAM-1) is related to diabetic macular edema (DME).

Design: Retrospective case–control study.
Participants: Thirty-three patients who had DME and 13 patients with nondiabetic ocular disease (control

group).
Methods: Vitreous fluid samples were obtained at the time of vitreoretinal surgery, and the VEGF and

sICAM-1 levels in vitreous fluid and plasma were measured by enzyme-linked immunosorbent assay.
Main Outcome Measures: Relationship between vitreous levels of VEGF or sICAM-1 and DME.
Results: Vitreous levels of VEGF and sICAM-1 were significantly higher in DME patients than in control

patients (P�0.0001 and P � 0.0004, respectively). The vitreous level of VEGF was significantly correlated with
that of sICAM-1 (P�0.0001). Vitreous levels of both VEGF and sICAM-1 were significantly higher in patients with
hyperfluorescent DME than in those with minimally fluorescent DME (P � 0.0027 and P � 0.0005, respectively).
The vitreous levels of both VEGF and sICAM-1 were significantly correlated with retinal thickness at the central
fovea (P�0.0001 and P � 0.0005, respectively)

Conclusions: We found that both VEGF and sICAM-1 were elevated in the vitreous fluid of patients with
hyperfluorescent DME. These results suggest that VEGF and ICAM-1 are related to the increase of vascular
permeability in DME patients. Ophthalmology 2005;112:806–816 © 2005 by the American Academy of Oph-

thalmology.
Diabetic macular edema (DME) is the most frequent cause
of visual impairment in patients with diabetic retinopathy,
and it is usually caused by breakdown of the blood–retinal
barrier (BRB) and leakage of intraretinal fluid from perifo-
veal abnormal capillaries or microaneurysms.1 A combina-
tion of vascular and hemodynamic abnormalities may be
important in the progression of DME.2 Recent studies have
shown that vascular endothelial growth factor (VEGF)
causes conformational changes of the tight junctions of
retinal vascular endothelial cells3 and plays a major role in
increasing vascular permeability in diabetic eyes.2 Many of
the effects of VEGF are mediated via other factors, and the
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events that induce VEGF production can initiate the release
of a cascade of factors, but it is still unclear how this occurs.

Leukocyte adhesion also is involved in the pathogenesis
of vascular leakage. Vascular endothelial growth factor
increases the expression of intercellular adhesion molecule
1 (ICAM-1) by endothelial cells in vitro, and intravitreous
injection of VEGF induces ICAM-1 expression in the mu-
rine retinal vasculature in vivo.4 Vascular endothelial
growth factor-induced breakdown of the BRB has been
shown to be partly leukocyte dependent, because inhibition
of ICAM-1 prevents BRB breakdown in rat eyes treated
with VEGF.5 Experimental diabetes causes an increase in
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the retinal levels of VEGF and ICAM-1 in rats along with
increased retinal leukocyte stasis and BRB breakdown.6,7 In
addition, the inhibition of ICAM-1 activity by a neutralizing
antibody suppresses both retinal leukostasis and BRB
breakdown.7

Accordingly, the present study was performed to inves-
tigate whether ICAM-1 had a role in the exacerbation of
DME in cooperation with VEGF, which is considered to be
the most potent factor promoting an increase of vascular
permeability. We found that the vitreous levels of both
VEGF and soluble ICAM-1 (sICAM-1) were correlated
with the severity of DME, and also showed a strong corre-
lation with each other. These findings may contribute to
improved understanding of the pathogenesis of DME.

Patients and Methods

Patients

Undiluted vitreous fluid samples, 0.3 to 0.5 ml, were harvested
from the midvitreous at the start of vitrectomy after informed
consent was obtained from each patient after an explanation of the
purpose and potential adverse effects of the procedure. This study
was performed in accordance with the Helsinki Declaration of
1975 (1983 revision) and the institutional review boards of Eguchi
Eye Hospital, Hiroshima University, and Tokyo Women’s Medical
University, which also approved the protocol for collection of
vitreous fluid and blood samples. Vitreous fluid samples were
obtained from 33 type 2 diabetic patients who had clinically
significant DME8 and from 13 patients with nondiabetic ocular
disease. The DME patients included 15 with diffuse DME and 18
with cystoid macular edema. The indications for pars plana vi-
trectomy in this study were diffuse diabetic macular edema and
cystoid macular edema, preoperative visual acuity less than 20/40,
and noneffective macular photocoagulation therapy. The 13 pa-
tients with nondiabetic ocular disease all had macular holes, but
none of them had associated proliferative vitreoretinopathy. The
diabetic patients (15 men and 18 women) were 59.9�6.5 years of
age (mean�SD), the mean duration of diabetes was 20.2�4.2
years, and the mean hemoglobin A1c (HbA1c) level was 7.5�0.6%.
The 13 patients with nondiabetic ocular disease (6 men and 7
women) were 61.7�6.5 years of age. There was no significant age
difference between the diabetic and nondiabetic patients (P �
0.5342). Exclusion criteria included (1) previous ocular surgery,
(2) a history of ocular inflammation, (3) proliferative diabetic
retinopathy (such as fibrovascular proliferation), (4) ophthalmic
disorders associated with macular edema (such as uveitis and
branch or central retinal vein occlusion), and (5) DME associated
with posterior hyaloid traction. All operations were performed at
Eguchi Eye Hospital, Hiroshima University Hospital, and Tokyo
Women’s Medical University.

Vitrectomy was performed for the improvement of visual acu-
ity and the increased retinal thickness in the macula. The surgical
technique included pars plana vitrectomy that used the standard
3-port incisions. After core vitrectomy had been performed, the
remaining cortical vitreous was aspirated with a flexible-tip can-
nula or a vitreous cutter to create posterior hyaloid detachment
with 0.2 to 1.0 ml of triamcinolone acetonide injection using a
23-gauge needle into the midvitreous cavity or the surface of the
retina. The separation of the posterior hyaloid from the retina could
be safely started by gentle cutting and mild aspiration (less than
100 mmHg). Even after this procedure, the residual vitreous cortex

was sometimes left on the retina as islands, and these residual
vitreous islands were thereafter removed by surgical forceps or a
silicone-tipped needle. The internal limiting membrane was not
removed in all eyes. Endolaser retinal photocoagulation was per-
formed in selected eyes.

Fundus Findings

All of the patients with DME and diabetic retinopathy seeking
treatment at Eguchi Eye Hospital, Hiroshima University, and the
Diabetes Center at Tokyo Women’s Medical University Hospital
were evaluated by careful biomicroscopic examination using a
fundus contact lens, and patients who had clinically significant
DME8 were enrolled in this study. Fundus findings were confirmed
before surgery by standardized fundus color photography and
fluorescein angiography (FA), which was performed with a Top-
con (Tokyo, Japan) TRC-50IA fundus camera, an image-net sys-
tem (Tokyo Optical Co. Ltd., Japan), and a preset lens with a
slit-lamp.9,10 The severity of diabetic retinopathy was graded
according to the modified Early Treatment Diabetic Retinopathy
Study retinopathy severity scale.11,12 According to this scale, 7
eyes were level 35, 10 eyes were level 43, 9 eyes were level 47,
and 7 eyes were level 53. All of the patients with DME underwent
retinal photocoagulation (mean, 621 shots; range, 145–1056 shots)
before vitreous surgery. Focal photocoagulation to microaneu-
rysms in the macula had been performed in 27 eyes and grid
photocoagulation had been performed in 3 eyes before entry into
this study. Retinal photocoagulation was performed from 1 month
to 14 months (6.4�5.2 months) before vitreous surgery in all eyes.
Diffuse DME was diagnosed by the detection of leakage from
diffusely dilated retinal capillaries throughout the posterior
pole.9,10 A diagnosis of cystoid macular edema was indicated by a
petaloid pattern of hyperfluorescence. Diabetic macular edema was
classified as hyperfluorescent (23 eyes) if there was extensive
fluorescein leakage in the macular region on FA, and as minimally
fluorescent (10 eyes) if there was little fluorescein leakage.9 Pos-
terior vitreous detachment (PVD) was diagnosed during surgery:
patients without a Weiss ring or vitreoretinal separation had no
PVD, whereas those with a Weiss ring were defined as having
PVD and those with posterior detachment of the vitreous from the
retina (excluding the macular region) had partial PVD.9,10 The
retinal thickness at the central fovea was measured by optical
coherence tomography (Humphrey model 2000; Humphrey Instru-
ments, San Leandro, CA), with scanning time of 1.3 seconds.13

The fundi were scanned with a probe beam under a monitoring
camera focused on the horizontal and vertical planes crossing the
central fovea, which was determined by the fundus photograph.
All eyes were examined at scan lengths of 2.8 and 5.0 mm. A
cross-sectional image was displayed in a false-color scale, which
indicates the reflectivity of the retinal structures. The retinal thick-
ness at the central fovea was defined as the length between the
inner retinal surface and the retinal pigment epithelium. It was
automatically measured by computer.

Sample Collection

Samples of vitreous fluid were collected into sterile tubes at the
time of vitreoretinal surgery and were frozen rapidly at �80 °C.
Plasma samples also were collected and blood was immediately
placed on ice and centrifuged at 3000g for 10 minutes at 4 °C, after
which the plasma was rapidly frozen and stored at �80 °C until

assay.
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Measurement of Soluble Intercellular Adhesion
Molecule 1 and Vascular Endothelial Growth
Factor Levels

Both VEGF and sICAM-1 levels were measured in vitreous sam-
ples from the same eye as well as in plasma samples by enzyme-
linked immunosorbent assay using kits for human VEGF and
sICAM-1 (R&D System, Minneapolis, MN).9,10,14 The VEGF kit
only detected 2 of the 4 VEGF isoforms (VEGF121 and
VEGF165), probably because these 2 shorter isoforms are secreted
and the 2 longer isoforms are cell associated. Each assay was
performed according to the manufacturer’s instructions. The stan-
dard solution (100 �l for both VEGF and sICAM-1) and the
sample (10 or 100 �l for VEGF and 50 �l for ICAM-1) were
added to the wells of a 96-well plate coated with a monoclonal
antibody. After incubation, the plate was washed, and an enzyme-
labeled antibody was added. After further incubation, the plate was
washed again, and the substrate was added. After color had devel-
oped, the reaction was stopped by adding the stop solution, and the
optical density was determined at 450 and 620 nm using an
absorption spectrophotometer (Titertek Multiscan MCC/340; ICN,
Tokyo, Japan). A standard curve was plotted from measurements
made with the standard solution (from 15.6 to 1000 pg/ml for

Figure 1. A, Vascular endothelial growth factor (VEGF) concentrations
diabetic macular edema (DME; *P�0.0001). B, Soluble intercellular adhe
control patients and patients with DME (*P � 0.0004).
4™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™

Figure 2. Relationship between the vitreous levels of vascular endothelial

in patients with diabetic macular edema (DME; � � 0.724; P�0.0001).
VEGF and from 6.25 to 100 ng/ml for sICAM-1) and was used to
determine the concentration of VEGF or sICAM-1 in the sample.
The levels of each factor in vitreous fluid and plasma were within
the detection range of the relevant assay, with the minimum
detectable concentration being 15.6 pg/ml for VEGF (the intraas-
say coefficient of variation [CV] was 5.5% and the interassay CV
was 6.8%) and 3.3 ng/ml for sICAM-1 (intraassay CV of 5.4% and
interassay CV of 7.8%).

Statistical Analysis

All analyses were performed with SAS software.15 Data are pre-
sented as frequencies or as the mean�standard deviation. Data
with a skewed distribution were transformed to a logarithmic scale,
and the geometric mean was calculated together with the 1 stan-
dard deviation range on either side of the mean. The Mann–
Whitney U test was used to compare ICAM-1 and VEGF concen-
trations between the diabetic patients and control subjects. To
examine correlations, Spearman’s rank correlation coefficients
were calculated by linear regression analysis. A 2-tailed P value of
less than 0.05 was considered to indicate statistical significance.

vitreous fluid of nondiabetic control patients (NDM) and patients with
molecule 1 (ICAM-1) concentrations in the vitreous fluid of nondiabetic

™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™

h factor (VEGF) and soluble intercellular adhesion molecule 1 (ICAM-1)
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Results

Vitreous Levels of Soluble Intercellular Adhesion
Molecule 1 and Vascular Endothelial Growth
Factor
The vitreous fluid concentration of VEGF was significantly ele-
vated in the patients with DME (1078.9 pg/ml [15.6–6500.0
pg/ml]) compared with the control patients (18.6 pg/ml [15.6–66.3
pg/ml]; P�0.0001; Fig 1A). Vitreous fluid concentrations of
sICAM-1 also were significantly elevated in the patients with
DME (16.6 ng/ml [5.84–43.7 ng/ml]) compared with control
subjects (6.60 ng/ml [5.00–15.6 ng/ml]; P � 0.0004; Fig 1B).
Furthermore, there was a significant relationship between the vit-
reous concentration of VEGF and that of sICAM-1 in the diabetic
patients (� � 0.724; P�0.0001; Fig 2). Moreover, the vitreous
levels of VEGF and sICAM-1 in the patients with hyperfluorescent
DME (VEGF, 1628.5 pg/ml [253.6–6500.0 pg/ml]; sICAM-1,
20.5 ng/ml [7.10–43.7 ng/ml]) were significantly higher (P �
0.0027 and P � 0.0005, respectively) than those in the patients
with minimally fluorescent DME (VEGF, 524.9 pg/ml [15.6–
1562.0 pg/ml]; sICAM-1, 9.72 ng/ml [5.84–16.5 ng/ml]; Fig 3).

The vitreous level of VEGF was significantly correlated with
the severity of diabetic retinopathy (� � 0.792, P�0.0001; Fig
4A), as was the vitreous level of sICAM-1 (� � 0.558; P �
0.0016; Fig 4B). In addition, the vitreous level of VEGF was
correlated significantly with the retinal thickness at the central
fovea (� � 0.876; P�0.0001; Fig 5A), and so was the vitreous
level of sICAM-1 (� � 0.619; P � 0.0005; Fig 5B). The vitreous
level of VEGF was not significantly related to the quantity and the
time scale of retinal photocoagulation (� � 0.201, P � 0.0847; �
� 0.111, P � 0.3846, respectively). The vitreous level of
sICAM-1 also was not significantly related to those (� � 0.174, P
� 0.1627; � � 0.098, P � 0.4286, respectively). There was no
significant correlation between the quantity of retinal photocoag-
ulation and retinal thickness (� � 0.138; P � 0.2284). The
quantity of retinal photocoagulation in patients with hyperfluores-
cence was not significantly higher than that in patients with min-
imal fluorescence (P � 0.1468).

Vitreous versus Plasma Levels of Soluble
Intercellular Adhesion Molecule 1 and Vascular
Endothelial Growth Factor
The VEGF level in vitreous fluid was significantly higher than its
plasma level (46.7 pg/ml [15.6–88.4 pg/ml]) in the patients with
DME (P�0.0001), whereas the vitreous fluid level of sICAM-1
was significantly lower than its plasma level (282.9 ng/ml [122.3–
422.8 ng/ml]) in these patients (P�0.0001). There was no signif-
icant relationship between HbA1c (7.5% [6.4%–8.3%]) and the
vitreous levels of VEGF or sICAM-1 (� � 0.281, P � 0.1115; and
� � 0.299, P � 0.0908, respectively). There was also no signifi-
cant relationship between HbA1c and the plasma levels of VEGF
or sICAM-1 (� � 0.239, P � 0.1764; and � � 0.110, P � 0.5339,
respectively).

Discussion

The present study demonstrated the following findings: (1)

Figure 3. A, Vascular endothelial growth factor (VEGF) levels in the vit
macular edema (DME; *P � 0.0027). B, Soluble intercellular adhesion
fluorescent and hyperfluorescent DME (*P � 0.0005).
4™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™
vitreous fluid levels of both VEGF and sICAM-1 were
significantly elevated in DME patients compared with non-
diabetic patients and increased in parallel with the severity
of diabetic retinopathy, DME, or both; (2) there was a
significant correlation between the vitreous level of VEGF
and that of sICAM-1; (3) vitreous levels of both VEGF and
sICAM-1 were significantly higher in hyperfluorescent
DME than in minimally fluorescent DME; and (4) vitreous
levels of both VEGF and sICAM-1 were correlated with the
retinal thickness at the central fovea.

These data suggest that VEGF may play an important
role in DME and breakdown of the BRB. Vascular endo-
thelial growth factor is a potent vasopermeability factor16

that may be involved in the pathogenesis of diabetic BRB
breakdown. Retinal VEGF levels are upregulated in diabe-
tes and coincide with the breakdown of the BRB in rodents
and humans.17 The major high-affinity VEGF receptors also
are upregulated in the diabetic retina and are localized to the
retinal vasculature.18 The vitreous fluid VEGF level is in-
creased during the proliferative stage not only in patients
with diabetic retinopathy, but also in patients with DME,
among whom hypoxia is less well documented.

Expression of ICAM-1 has been demonstrated in vivo
and in vitro in various cells of the retina and choroids, as
well as in leukocytes.19 The presence of ICAM-1 has been
observed in the proliferating vascular endothelium of mem-
branes from proliferative diabetic retinopathy, and ICAM-1
(normally expressed by retinal pigment epithelium [RPE]
cells) also may be found in the extracellular matrix of these
membranes.19,20 These observations support the view that
sICAM-1 in the vitreous fluid of eyes with diabetic retinop-
athy may be derived from local retinal cells, including the
retinal vascular endothelium and RPE cells, as well as from
leukocytes migrating into the retina. It is possible that
release of sICAM-1 into the vitreous in patients with dia-
betic retinopathy may be promoted by cytokines and ad-
vanced glycation end products.21 The sICAM-1 level is
known to be elevated in the vitreous fluid of patients with
proliferative diabetic retinopathy,14 but the vitreous level of
sICAM-1 has not been measured before in patients with
DME.

In general, leukocytes have a large cell volume, rigid
cytoplasm, a natural tendency to stick to the vascular endo-
thelium, and the capacity to generate toxic superoxide rad-
icals and proteolytic enzymes.7 These properties predispose
leukocytes to create a higher resistance in the microcircu-
lation than other components of the blood. In diabetics,
leukocytes have been found to be less deformable22 and
more activated23 and can be trapped more easily in the
retinal capillary bed. Accordingly, leukocytes may be in-
volved in capillary nonperfusion, endothelial cell damage,
and leakage from the retinal microcirculation.7 Recent stud-
ies have shown that the expression of adhesion molecules
such as ICAM-1 contributes to the adhesion and accumu-
lation of leukocytes into the retinal vessels in diabetic

fluid of subjects with minimally fluorescent and hyperfluorescent diabetic
cule 1 (ICAM-1) levels in the vitreous fluid of subjects with minimally

™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™
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retinopathy, and subsequently leads to the development of
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diabetic microangiopathy.24 Leukocyte entrapment in the
retina may play an important role in the early stages of
diabetes, because leukocytes trapped in the capillaries may
cause disturbance of flow and capillary nonperfusion. The
perifoveal intercapillary area and foveal avascular zone are
significantly larger in diabetic patients than in healthy con-
trol subjects.25 It has been suggested that enlargement of the
foveal avascular zone and intercapillary area causes local-
ized hypoxia and reduces cellular function.25 Localized
macular ischemia may lead to the overexpression of VEGF
as a vasopermeability factor. However, it is necessary to
examine the influence of leukocyte stasis in the perifoveal
capillary microcirculation of patients with DME.

The current data also show a significant correlation be-
tween the vitreous concentration of VEGF and that of
sICAM-1. It was reported that VEGF increases capillary
endothelial cell sICAM-1 levels in a dose-dependent and
time-dependent manner, and that intravitreal injection of
pathophysiologically relevant concentrations of VEGF in-
creases sICAM-1 protein and messenger RNA levels in the
retinal vasculature.4 A recent study showed that there was
an 86% reduction of early diabetic breakdown of the BRB
after inhibition of ICAM-1.7 These data demonstrate that
VEGF can increase ICAM-1 expression by capillary endo-
thelial cells in vitro and by the retinal vasculature in vivo
and suggest that the VEGF and ICAM-1 pathways are likely
to be linked. Retinal VEGF levels seem to be elevated early
in diabetes before there is any histopathologic evidence of
retinal ischemia,26 and this makes it more likely that endog-
enous VEGF increases retinal vascular ICAM-1 in vivo. In
experimental diabetes, the inhibition of VEGF suppresses
retinal ICAM-1 expression, leukostasis, and BRB break-
down.6 It is possible that VEGF is completely or partly
responsible for increasing retinal ICAM-1 expression and
that ICAM-1 mediates the binding of leukocytes to the
vasculature, accounting for the early reversible phase of
retinal ischemia.

We also have suggested that the levels of VEGF and
sICAM-1 in the vitreous fluid are related to the pattern of
fluorescein leakage in patients with DME, which suggests
that these factors may be major causative factors of leakage.
In the present study, the vitreous levels of VEGF and
sICAM-1 were significantly higher in hyperfluorescent
DME than in minimally fluorescent DME. In patients with
DME, breakdown of the BRB is followed by leakage of
intraretinal fluid from abnormal retinal capillaries. Detec-
tion of hyperfluorescence on FA reflects the leakage of
fluorescein associated with BRB breakdown, and minimally
fluorescent DME represents a different phase or stage of the
disease. It is possible that minimally fluorescent DME is an
earlier phase of this disease or that it could represent disease

Figure 4. A, Correlation between the severity of diabetic retinopathy and
of retinopathy was evaluated using the modified Early Treatment Diabeti
vitreous fluid were correlated significantly with the severity of diabetic ret
edema (DME); Œ � hyperfluorescent DME. B, Correlation between the
adhesion molecule 1 (ICAM-1). Vitreous fluid levels of soluble ICAM-1 w
P � 0.0016).
4™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™
that is resolving after treatment. By classifying DME ac-
cording to the pattern of fluorescein leakage on FA, we
showed that the levels of VEGF and sICAM-1 in the vitre-
ous fluid were higher in patients with a more marked in-
crease of vascular permeability.

Although the vitreous levels of VEGF and sICAM-1
were related to severity of diabetic retinopathy, those levels
were not related to the quantity and the time scale of retinal
photocoagulation. There was no significant correlation be-
tween the quantity of retinal photocoagulation and retinal
thickness. The quantity of retinal photocoagulation in pa-
tients with hyperfluorescence was not significantly higher
than that in patients with minimal fluorescence. Although
all of the patients with DME had undergone retinal photo-
coagulation before vitreous surgery, the patients had only
nonproliferative diabetic retinopathy, the quantity of retinal
photocoagulation was relatively few (mean, 621 shots), and
the mean time scale was 6.4 months before vitrectomy.
Laser photocoagulation increased the expression of VEGF
and the transcription factors in photocoagulated human RPE
cells in vitro, but the VEGF upregulation was observed
early (6 hours) after photocoagulation.27 Seventy-two hours
after photocoagulation, when RPE cells were repaired, the
expression of VEGF was decreased to the level before
photocoagulation.27 Furthermore, change of VEGF messen-
ger RNA levels in the burn area during the period after laser
photocoagulation in miniature pig retina was confined to
RPE cells, being low immediately after photocoagulation
and returning to normal by 42 days.28 These reports and our
results suggested that the increasing of VEGF or ICAM-1
expression, or both, in the retina after retinal photocoagu-
lation was temporal, and their activity may decrease rela-
tively early.

Recently, it has been reported that intravitreal injection
of triamcinolone acetonide is beneficial for patients with
DME.29,30 However, the mechanism of the action of this
corticosteroid on DME remains unclear. Two main hypoth-
eses have been suggested: (1) corticosteroids may reduce
retinal capillary permeability by increasing the activity or
density, or both, of tight junctions in the retinal capillary
endothelium,31 and (2) corticosteroids may inhibit the pro-
duction of vascular permeability factors such as VEGF.32,33

It is known that VEGF increases the expression of ICAM-1
by endothelial cells in vitro, and VEGF-induced BRB
breakdown has been shown to depend partly on leuko-
cytes.4,5 In addition, inhibition of ICAM-1 activity blocks
diabetic retinal leukostasis and prevents BRB breakdown.7

These reports and our results suggest that ICAM-1 may be
a potential therapeutic target for preventing the increase of
vascular permeability in patients with DME. However, fur-
ther investigations are needed to develop new therapeutic
interventions for DME.

vitreous level of vascular endothelial growth factor (VEGF). The severity
nopathy Study (ETDRS) retinopathy severity scale. The VEGF levels in
thy (� � 0.792; P�0.0001). ● � minimally fluorescent diabetic macular
ity of diabetic retinopathy and the vitreous level of soluble intercellular
rrelated significantly with the severity of diabetic retinopathy (� � 0.558;
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patients seems to be chronic hyperglycemia. Therefore, we
suspected that the HbA1c level may show a correlation with
the sICAM-1 concentration in vitreous fluid, but no signif-
icant relationship was found. Likewise, the VEGF concen-
tration in the vitreous fluid showed no significant relation-
ship with HbA1c. Because some patients underwent
tightening of their glycemic control before vitreous surgery,
the HbA1c level at the time of operation may not necessarily
have indicated their long-term glycemic control, so we
could not assess the relationship accurately between hyper-
glycemia and VEGF or sICAM-1 from these results.

In the present study, we found that the levels of both
VEGF and sICAM-1 were significantly higher in the vitre-
ous fluid of patients with DME than in that of nondiabetic
patients, and that elevation of VEGF and sICAM-1 was
related to hyperfluorescent DME. In addition, the vitreous
level of VEGF was significantly correlated with that of
sICAM-1. These findings suggest that ICAM-1 may pro-
mote an increase of vascular permeability in DME patients
together with or via VEGF, or both.
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