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Purpose:

 

We evaluated visual outcomes following vitrectomy for diabetic cystoid macular
edema.

 

Methods:

 

Visual outcomes and factors possibly influencing final visual acuity were assessed
and documented retrospectively in 45 eyes of 40 patients, all of whom were followed up for
at least 6 months postoperatively.

 

Results:

 

Compared with the preoperative logarithm of the minimum angle of resolution
(logMAR) visual acuity, final logMAR visual acuity improved 0.2 or more in 51% of the
eyes, was unchanged in 47%, and decreased 0.2 or more in 2%. A final postoperative visual
acuity of 0.5 or better was achieved in 38%. Preoperative visual acuity and the extent of the
cystoid space on fluorescein angiography were significantly related to final visual acuity. A
final postoperative visual acuity of 0.5 or better was noted in 8% of eyes with a preoperative
visual acuity below 0.1, in 50% of eyes with a preoperative visual acuity of 0.1 or better, in
71% of eyes with a cystoid space smaller than 5 disc areas, and in 20% of eyes with a cystoid
space of 5 disc areas or more. The state of the posterior vitreous membrane did not influence
final visual acuity. There were no complications that decreased visual acuity.

 

Conclusions:

 

We conclude that diabetic cystoid macular edema is a good indication for vit-
rectomy, regardless of the state of the posterior vitreous membrane. A preoperative visual
acuity of 0.1 or better and/or a cystoid space smaller than 5 disc areas may be indications for
surgery aimed at achieving a final postoperative visual acuity of 0.5 or better.
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Introduction

 

The results of vitrectomy for diabetic macular
edema were first reported in cases with a thickened
and taut posterior vitreous membrane.

 

1

 

 Subsequent
studies evaluated vitrectomy results in cases with
neither a thickened posterior vitreous membrane
nor posterior vitreous detachment,

 

2

 

 and recently,
in cases associated with posterior vitreous detach-
ment.

 

3,4

 

 However, there have been only a few de-
tailed studies on the association of systemic and ocu-
lar factors with visual outcomes and no studies on

the association between the above three states of the
posterior vitreous membrane and visual outcomes.
In this study, we evaluated visual outcomes after vit-
rectomy, including associations with systemic and
ocular factors in cystoid macular edema (CME)
cases among those of diffuse macular edema. In ad-
dition, the associations between the above three pos-
terior vitreous membrane states and postoperative
visual acuity were evaluated retrospectively.

 

Materials and Methods

 

The subjects were 40 patients (45 eyes) who un-
derwent vitrectomy at our department between June
1994 and October 1999, and were followed up for 6
to 49 months (mean 

 

�

 

 SD 

 

�

 

 18.7 

 

�

 

 11.7 months).
There were 24 men (28 eyes) and 16 women (17
eyes), and patient age at the time of surgery ranged
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from 25 to 71 years. Eyes showing localized fluores-
cein leakage or no definite CME on fluorescein an-
giography (FA) were excluded from vitrectomy. Eyes
that had undergone cataract surgery and showed an
improvement of two lines or more within 1 week post-
operatively were also excluded because the cataract
was considered to have a significant influence on vi-
sual outcome.

The items evaluated were visual outcome, the as-
sociations of visual outcome with five systemic fac-
tors and seven ocular factors, and intraoperative and
postoperative complications. The five systemic fac-
tors and seven ocular factors are shown in Table 1.

Among the ocular factors, the degree of hard macu-
lar exudate deposition was classified into three grades
using the standard photographs shown in Figure 1.
The extent of the cystoid space on FA images was
analyzed in terms of the cystoid space area divided
by the disc area on angiograms obtained 10 minutes
after intravenous injection of fluorescein using an
IMAGEnet image analysis system (Topcon, Tokyo),
as shown in Figure 2. The degree of obstruction of the
perifoveal capillary network was evaluated using a
3-grade system

 

5

 

 (ie, grades 1 to 3, shown in Figure 3).
No grade 4 eyes were observed in this study.

The CME eyes were classified according to the
state of the posterior vitreous membrane into three
groups: with a thickened and taut posterior vitreous
membrane (group I), with neither a thickened poste-
rior vitreous membrane nor posterior vitreous de-
tachment (group II), and with posterior vitreous de-
tachment (group III).

As to the surgical procedure, after removal of the
vitreous gel, the presence or absence of posterior vit-
reous detachment was determined using a Glizzard
needle. If there was no posterior vitreous detach-
ment, it was artificially produced. When membrane-
like tissue was observed in the macula, it was re-
moved using a micro-hooked needle,

 

6

 

 but the inter-
nal limiting membrane was not intentionally re-
moved. In patients with proliferative retinopathy,
endophotocoagulation involving an area as periph-

eral as possible was added, and when definite cata-
ract was observed, phacoemulsification was performed
in combination with intraocular lens implantation.
Macular photocoagulation for residual macular edema
was not performed to assess the effects of vitrectomy.

Statistical analysis was performed using the 

 

�

 

2

 

 test,
the Fisher direct probability method, the Wilcoxon
signed-rank test, the Kruskal-Wallis test, and multi-
ple regression analysis. 

 

P

 

 

 

�

 

 .05 was considered sig-
nificant.

 

Results

 

Visual Outcomes

 

Compared with the preoperative visual acuity in
the logarithm of the minimum angle of resolution
(logMAR), final logMAR visual acuity improved
more than 0.2 in 23 (51%) of the 45 eyes, was un-
changed in 21 (47%), and decreased more than 0.2 in
1 (2%). The final visual acuity was 

 

�

 

0.5 in 17 eyes
(38%) (Table 2, Figure 4).

In 30 eyes, visual acuity at 6 months postoperatively
could be compared with that 12 months after sur-
gery. The logMAR visual acuities were 0.64 

 

�

 

 0.36
and 0.52 

 

�

 

 0.34, six and 12 months after the opera-
tion, respectively, being significantly better at 12
months (

 

P

 

 

 

�

 

 .01, Wilcoxon signed-rank test, Table 3).

 

Intraoperative and Postoperative Complications

 

Intraoperatively, iatrogenic retinal tears devel-
oped in 10 (33%) of the 30 eyes in which posterior
vitreous detachment was created intentionally, but
there was no postoperative retinal detachment.

Postoperatively, vitreous hemorrhage requiring
washout occurred in 2 (4%) of the 45 eyes, neovas-
cular glaucoma in 1 (2%), and glaucoma not accom-
panied by iris and/or angle neovascularization in 2
(4%). However, none of the eyes with these compli-
cations showed a decrease in visual acuity of two
lines or more as compared with the preoperative
value (Table 4).

 

Table 1.

 

Association of Visual Outcomes with Systemic and Ocular Factors

 

Systemic Factors Ocular Factors

Age Stage of retinopathy (preproliferative vs proliferative)
Duration of diabetes mellitus Interval between decreased visual acuity and surgery
Hemoglobin A

 

lc

 

 value Presence or absence of history of macular photocoagulation
Presence or absence of hypertension Degree of macular hard exudates
Presence or absence of nephropathy Extent of the cystoid space by fluorescein angiography

Degree of perifoveal capillary network obstruction
Preoperative visual acuity
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Associations Between Systemic/Ocular
Factors and Final Visual Acuity

 

As to the five systemic factors, patient age was
56.7 

 

�

 

 11.3 years, the duration of diabetes mellitus
was 9.5 

 

�

 

 7.1 years. The hemoglobin A

 

1c

 

 value was
7.0 

 

�

 

 1.2%, hypertension was present in 17 patients
and absent in 23, and nephropathy was present in 16
patients and absent in 24.

Among the ocular factors, preproliferative retinopa-
thy was observed in 13 eyes and proliferative retinopa-
thy in 32. The interval between the reported onset of
visual loss and surgery was 5.9 

 

�

 

 3.1 months. Eight eyes
had a history of macular photocoagulation, 37 did not.
The degree of hard exudate deposition in the macula
was less than in Standard photo 1 in 30 eyes, compara-
ble to or more marked than that in Standard photo 1
but less than that in Standard photo 2 in 9 eyes, and
comparable to or more marked than that in Standard
photo 2 in 6 eyes (Figure 1). On FA images, the cystoid
space was 7.8 

 

�

 

 4.3 disc areas. Grade 1 perifoveal capil-
lary network obstruction was observed in 5 eyes, grade
2 in 27, and grade 3 in 11; grading was impossible in 2
eyes, and no grade 4 obstruction was observed. The
preoperative logMAR visual acuity was 0.83 

 

�

 

 0.35.
Multiple regression analysis was performed, and the

associations between the postoperative logMAR visual
acuity and the five systemic and seven ocular factors
were evaluated. The postoperative logMAR visual acu-
ity was significantly associated only with the preopera-
tive logMAR visual acuity and the cystoid space area
on FA (

 

P

 

 

 

�

 

 .0001, 

 

R

 

2

 

 

 

�

 

 0.48).

 

Association Between Preoperative
Visual Acuity and a Final Visual Acuity 

 

�

 

0.5

 

The above evaluation confirmed a significant rela-
tionship between postoperative and preoperative vi-
sual acuities. Therefore, the association between
preoperative visual acuity and a final visual acuity

 

�

 

0.5, adequate for reading, was evaluated.

Figure 1. Standard photos used to determine the degree of hard exudate deposition in the macula.

Figure 2. Evaluation of the extent of the cystoid space by
fluorescein angiography. An IMAGEnet image analysis
system (Topcon, Tokyo) was used. The extent of the cys-
toid space on fluorescein angiography images was ana-
lyzed in terms of the cystoid space area divided by the
disc area.
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The final visual acuity was 

 

�

 

0.5 in only one (8%) of
the 13 eyes with a preoperative visual acuity 

 

�

 

0.1, but
in 16 (50%) of 32 eyes with a preoperative visual acu-
ity 

 

�

 

0.1, showing a significant difference (

 

P

 

 

 

�

 

 .008,
Fisher direct probability calculation method, Table 5).

 

Association Between the Extent of the
Cystoid Space and a Final Visual Acuity 

 

�

 

0.5

 

Similarly, the association between the extent of
the cystoid space on FA images, which was also con-
firmed to be related to postoperative visual acuity,
and a final visual acuity 

 

�

 

0.5 was evaluated. Analy-
sis was performed in 42 eyes because angiograms 10
minutes after intravenous injection of fluorescein
were inappropriate for image processing in 3 eyes.

The final visual acuity was 

 

�

 

0.5 in 12 (71%) of 17
eyes with a cystoid space 

 

�

 

5 disc areas but in only 5
(20%) of 25 with a cystoid space 

 

�

 

5 disc areas,

showing a significant difference (

 

P

 

 

 

�

 

 .04, Fisher di-
rect probability calculation method, Table 6).

 

Association Between the Preoperative
Visual Acuity/Cystoid Space Extent on
FA Images and a Final Visual Acuity 

 

�

 

0.5

 

The incidence of a final visual acuity 

 

�

 

0.5 was
evaluated in eyes showing both a preoperative visual
acuity 

 

�

 

0.1 and a cystoid space 

 

�

 

5 disc areas. The fi-
nal visual acuity was 

 

�

 

0.5 in 11 (79%) of the 14 eyes
meeting those two conditions but in none of the 8
eyes that fulfilled neither.

 

Association Between the State of the Posterior 
Vitreous Membrane and Final Visual Acuity

 

The relationships of the state of the posterior vit-
reous membrane to the preoperative logMAR visual
acuity, final logMAR visual acuity, and a final visual
acuity 

 

�

 

0.5 were evaluated. According to the state of
the posterior vitreous membrane, 3 eyes were classi-
fied as group I, 27 as group II, and 15 as group III.

In group I, the preoperative logMAR visual acuity
was 0.84 

 

�

 

 0.28, the final logMAR visual acuity was
0.62 

 

�

 

 0.43, and the final visual acuity was 

 

�

 

0.5 in
one (33%) of the 3 eyes. In group II, the preopera-
tive logMAR visual acuity was 0.85 

 

�

 

 0.36, the final
logMAR visual acuity was 0.59 

 

�

 

 0.35, and the final

Figure 3. Evaluation of the degree of obstruction of the perifoveal capillary network using a 3-grade system (grades 1 to 3).
No grade 4 eyes were observed in this study.

 

Table 2.

 

Visual Outcomes (45 Eyes)

 

Visual Outcome No. of Eyes*

Improvement 23 (51)
No change 21 (47)
Decrease 1 (2)
Final visual acuity 

 

�

 

 0.5 17 (38)

*Values in parentheses are percentages.
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visual acuity was 

 

�

 

0.5 in 9 (33%) of the 27 eyes. In
group III, the preoperative logMAR visual acuity
was 0.80 

 

�

 

 0.35, the final logMAR visual acuity was
0.49 

 

�

 

 0.35, and the final visual acuity was 

 

�

 

0.5 in 7
(47%) of the 15 eyes.

The preoperative logMAR visual acuity did not
differ significantly among the 3 groups (

 

P

 

 

 

�

 

 .9,
Kruskal-Wallis test). Both the final logMAR visual
acuity and the final visual acuity (

 

�

 

0.5) were good in
group III, but no significant differences were ob-
served in the final logMAR visual acuity (

 

P

 

 

 

�

 

 .5,
Kruskal-Wallis test) or the final visual acuity 

 

�

 

0.5
(

 

P

 

 

 

�

 

 .5, 

 

�

 

2

 

 analysis) among the three groups (Table 7).

 

Discussion

 

In vitrectomy for diabetic macular edema, various
systemic

 

7

 

 and ocular factors

 

8–11

 

 have been reported

to affect postoperative visual acuity. In this study,
multiple regression analysis was performed to assess
5 systemic factors and 7 ocular factors (total, 12 fac-
tors) including previously reported factors. Postop-
erative visual acuity was significantly related only to
preoperative logMAR visual acuity and the extent of
the cystoid space on FA.

In addition, the association between preoperative
visual acuity, the extent of the cystoid space and a fi-
nal visual acuity 

 

�

 

0.5, adequate for reading, was
evaluated. The final visual acuity was 

 

�

 

0.5 in less
than 10% of the eyes with a preoperative visual acu-
ity 

 

�

 

0.1 but in 50% of those with a preoperative vi-
sual acuity 

 

�

 

0.1, and in about 70% of eyes with a
cystoid space 

 

�

 

5 disc areas but in only 20% of those
with a cystoid space 

 

�

 

5 disc areas. Of the eyes with
both a preoperative visual acuity 

 

�

 

0.1 and a cystoid
space 

 

�

 

5 disc areas, about 80% showed a final visual
acuity 

 

�

 

0.5.
Therefore, when attention is paid to these preop-

erative conditions, a final visual acuity 

 

�

 

0.5, ie, ade-
quate acuity for reading, may be achieved in a rela-
tively high percentage of eyes.

Preoperatively, it must de explained to patients that
improved visual acuity may require a long period of
time. In this study, visual acuity 12 months after the op-
eration was significantly improved as compared with
that at 6 months postoperatively. Representative FA
results are shown in Figure 5. Twelve months after sur-
gery, fluorescein dye leakage and pooling in the macula
were further decreased as compared with the state 6

Figure 4. Visual outcomes (45 eyes). Pre-op VA: preoper-
ative visual acuity; final VA: final visual acuity.

 

Table 3.

 

Comparison Between Visual Acuities 6 and 12 
Months Postoperatively (30 Eyes)

 

Time of Visual Acuity Measurement LogMAR Visual Acuity*

6 months after surgery 0.64 

 

�

 

 0.36
12 months after surgery 0.52 

 

�

 

 0.34

 

P

 

 value

 

�

 

.01

*LogMAR: logarithm of the minimum angle of resolution.

 

Table 4.

 

Intraoperative and Postoperative Complications

 

Complication No. of Eyes*

Intraoperative
Iatrogenic retinal tears 10/30 (33)

Postoperative
Vitreous hemorrhage 2/45 (4)
Neovascular glaucoma 1/45 (2)
Other types of glaucoma 2/45 (4)

*Values in parentheses are percentages.

 

Table 5.

 

Association Between Preoperative Visual Acuity 
and Final Visual Acuity 

 

�

 

 0.5

 

Preoperative Visual Acuity
No. of Eyes with

Final Visual Acuity 

 

�

 

 0.5*

 

�

 

0.1 1/13 (8)
�0.1 16/32 (50)
P value �.008

*Values in parentheses are percentages.
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months after the operation, and visual acuity had in-
creased from 0.6 to 1.0.

Lewis et al1 were the first to report the results of
vitrectomy for diabetic macular edema in 10 eyes
with a thickened and taut posterior vitreous mem-
brane in the posterior pole. After artificial posterior
vitreous detachment, macular edema disappeared or
decreased in all eyes, and improved final visual acuity
was achieved in 8 eyes. Tachi and Ogino2 performed
vitrectomy in 33 eyes with neither a thick posterior vit-
reous membrane nor posterior vitreous detachment.
After intentional detachment of the posterior vitre-
ous membrane, they observed disappearance of or a
reduction in edema in all eyes and improved vision
in 39%. Yamamoto et al3 and Ikeda et al4 reported
the results of vitrectomy not involving retinal surface
manipulation in eyes with diffuse macular edema
showing definite posterior vitreous detachment. Vi-
sual acuity improvement was observed in 50% by
Yamamoto et al3 and in 80% by Ikeda et al.4

This study included eyes with all three of the
above-mentioned pathological states of the posterior
vitreous membrane. To our knowledge, there have
been no studies comparing postoperative visual acu-
ities among these three posterior vitreous membrane
states. In this study, no significant difference was ob-
served in the mean preoperative or postoperative
logMAR visual acuity or the percentage of eyes with
a final visual acuity �0.5 among the three groups
classified according to the state of the posterior vit-

Table 6. Association Between the Extent of the Cystoid 
Space by Fluoroscein Angiography and Final Visual 
Acuity � 0.5

Extent of Cystoid Space
(Disc Areas)

No. of Eyes with 
Final Visual Acuity � 0.5*

�5 12/17 (71)
�5 5/25 (20)
P value �.04

*Values in parentheses are percentages.

Table 7. Association Between the Pathologic State of the 
Posterior Vitreous Membrane and Visual Outcome

State of 
PVM*

Preoperative
logMAR†

Final
logMAR VA‡

Final
VA �0.5 (%)

Group I 0.84 � 0.28 0.62 � 0.43 33
Group II 0.85 � 0.36 0.59 � 0.35 33
Group III 0.80 � 0.35 0.49 � 0.35 47
P value >.9 �.5 �.5

*PVM: posterior vitreous membrane.
†LogMAR: logarithm of the minimum angle of resolution.
‡VA: visual acuity.

reous membrane. Our results suggest that these
three groups have similar chances for vision im-
provement and for achieving a visual acuity ade-
quate for reading. Herein, 7% of eyes were classified
as group I with a thickened and taut posterior vitre-
ous membrane, 60% as group II with an attached
posterior vitreous but not a thickened posterior vit-
reous membrane, and 33% as group III with poste-
rior vitreous detachment. Though the percentage
classified as group I was low, Lewis et al1 described
their subjects with this condition as a small subset
of patients with diabetic macular edema. Harbour
et al,8 who treated eyes with conditions similar to
those in the Lewis et al study, also described this
pathologic condition as “an uncommon cause of dia-
betic macular edema.” Therefore, eyes classifiable as
group I appear to be relatively rare. On the other
hand, there may be many eyes classifiable as group
II or III. The results of this study suggest that all
three groups have good indications for vitrectomy.

In this study, only eyes with CME were evaluated.
Lee et al12 reported long-term results of grid pattern
photocoagulation for diffuse macular edema and ob-
served poorer visual outcomes after 2, as well as 3,
years in the group with CME than in the group with-
out CME. Thus, we considered it appropriate to per-
form vitrectomy in eyes with CME which have a rel-
atively poor prognosis after photocoagulation.

The mechanism by which vitrectomy reduces macu-
lar edema has been discussed. As to the pathogenesis
of macular edema due to traction of the posterior vitre-
ous membrane, Lewis et al1 suggested that vitreous
membrane traction damages both internal and external
blood-retinal barriers resulting in shallow foveal retinal
detachment similar to that observed with impending
macular holes. On the other hand, Tachi13 speculated
that vitreous membrane traction reduces extravascular
hydrostatic pressure in the retina, inducing marked ex-
travascular leakage, and that surgical removal of the
posterior vitreous membrane changes the hydrostatic
pressure gradient, rapidly reducing extravascular leak-
age and edema.

As to the mechanism by which vitrectomy reduces
macular edema, Yamamoto et al3 suggested that vit-
rectomy in eyes with posterior vitreous detachment
enhances intraocular circulation of oxygen released
by the ciliary body, which increases intraocular oxy-
gen pressure and removes substances enhancing vas-
cular permeability to substances such as cytokine.
Ikeda et al4 proposed a similar mechanism.

Among these hypotheses, the presence of foveal
retinal detachment has been evaluated by optical co-
herence tomography.14 In the future, measurement
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of intraocular oxygen pressure and determination of
the cytokine concentration in intraocular fluid at the
time of surgery will be necessary.

Complications are possible. Iatrogenic retinal tears
were observed frequently during creation of a poste-
rior vitreous detachment, but no postoperative retinal
detachment occurred. Neovascular glaucoma devel-
oped in one eye, but ocular pressure could be con-
trolled, so that there was no decrease in visual acuity.
When previous studies involving 20 or more eyes
were reviewed, the incidence of iatrogenic retinal
tears was 8–21%,15,16 that of neovascular glaucoma
1–5%,15–17 and that of postoperative retinal detach-
ment 2–5%.15,16 Because the incidences of neovascu-
lar glaucoma and retinal detachment capable of se-
verely affecting visual outcomes were low, vitrectomy
for this disease appears to be relatively safe.

We have described here the outcomes of vitrec-
tomy for eyes with CME. If attention is paid to preop-

erative conditions, useful postoperative visual acuity
may be achieved by vitrectomy in a high percentage
of cases regardless of the pathological state of the pos-
terior vitreous membrane. However, only a small
number of retrospective cases were evaluated in this
study. To establish surgical indications, prospective
randomized clinical trials including comparison with
grid pattern photocoagulation, are necessary.

This paper was published in Japanese in the Nippon Ganka Gak-
kai Zasshi (J Jpn Ophthalmol Soc) 2001;105:251–256. It appears
here in a modified form after peer review and editing for the Jap-
anese Journal of Ophthalmology.
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