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Background: The causative role of diffuse macular edema in 
various etiologies is often undetermined.
Objectives: To describe an association between extrafoveal 
vitreous traction and non-diabetic diffuse macular edema 
secondary to various ocular entities. 
methods: In a retrospective study of eyes with non-diabetic 
diffuse macular edema, charts and optical coherence 
tomography scans demonstrating extrafoveal vitreous 
traction were analyzed. Excluded were diabetic patients and 
eyes that had vitreofoveal traction. A control group (n=12) 
allowed for mapping of normal macular thickness.
results: Five eyes with macular edema were associated with 
extrafoveal traction, each secondary to and representing 
a different etiology. The causes were penetrating injury, 
cataract extraction, branch retinal vein occlusion, central 
retinal vein occlusion, and idiopathic. Vitreous traction 
was detected either at the papillomacular bundle (n=3), 
superonasally to the fovea (n=1), and at the optic nerve head 
(n=1). The associated retinal edema (all eyes) and serous 
retinal detachment (four eyes) at the traction sites were in 
continuum with the foveal edema in each eye, manifesting as 
diffuse macular edema. Of the two modalities – the OCT-Line 
group program and the OCT-Automatic central program – only 
the former enabled detection of extrafoveal traction in each. 
conclusions: Diffuse macular edema secondary to various 
ocular diseases may be associated with extrafoveal vitreous 
traction. The OCT-Automatic central program may omit 
some of these extrafoveal traction sites. Further studies are 
required to validate these findings and to assess whether 
early vitrectomy may improve visual prognosis in these eyes. 
  IMAJ 2009;11:286–290

diffuse macular edema, extrafoveal traction, vitreopapillary 
traction, pseudophakic macular edema, retinal vein 
occlusion, optical coherence tomography

non-diabetic diffuse macular edema associated with 
extrafoveal vitreous traction
Samia Fatum MD1, Aaron Trevino MD1 and Avinoam Ophir MD1,2 

1Division of Ophthalmology, Hillel Yaffe Medical Center, Hadera, Israel 
2Rappaport Faculty of Medicine, Technion-Israel Institute of Technology, Haifa, Israel 

etrating ocular injury and detectable or subclinical uveitis 
[1-4]. Breakdown of the inner blood-retina barrier and/
or ischemic insult in these conditions may result in either 
cystic or diffuse type macular edema, with or without asso-
ciated serous macular detachment [5-7]. Whereas cystoid 
macular edema is perceived by optical coherence tomogra-
phy as intraretinal round hyporeflective lacunae with well-
defined boundaries, diffuse macular edema is characterized 
by ill-defined widespread hyporeflective increased retinal 
thickness that often attains an appearance of sponge-like 
cavities [8,9]. 

Another mechanism that might be associated with macu-
lar edema is vitreofoveal traction [9,10]. The latter can usually 
be detected by the Automatic central program of the OCT. 
Moreover, OCT-related diagnosis of vitreopapillary traction 
associated with adjacent retinal edema, with or without serous 
retinal detachment, has been reported as another cause of dif-
fuse macular edema in diabetic eyes [11]. The retinal edema 
and subretinal fluid adjacent to the optic nerve head were in 
continuum in each eye with the fovea, presenting clinically as 
diffuse macular edema. Furthermore, vitreopapillary traction 
has been associated with serous macular detachment follow-
ing central retinal vein occlusion [12]. 

However, since the cause of diffuse macular edema is 
often obscure, a therapeutic approach is usually insufficient. 
Grid argon laser photocoagulation was found partially ben-
eficial in eyes with diabetic diffuse macular edema [13] and 
in one major study following BRVO associated with visual 
acuity of 6/12 to 6/60 [14]. Due to the fact that intrareti-
nal and intravitreal growth factors have been documented 
to be associated with long-standing macular edema [15], 
treatment with anti-inflammatory (e.g., steroids) and/or 
antivascular endothelial growth factor agents is commonly 
applied for diffuse macular edema secondary to most of the 
aforementioned etiologies [16-19]. However, their benefit is 
by and large temporary and may be associated with ocular 
and grave systemic complications. Regarding surgery, the 
beneficial effect of pars plana vitrectomy for macular edema 
in diabetic eyes as well as those following cataract surgery is 
still controversial [10,20-22].

BRVO = branch retinal vein occlusion
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This study presents (for the first time, to the best of our 
knowledge) five non-diabetic patients (five eyes) in whom 
diffuse macular edema was associated with extrafoveal vitre-
ous traction. 

Patients and methOds 

This retrospective study reviewed the charts and OCT scans 
(OCT 2000, Humphrey Zeiss Inc., San Leandro, CA, USA) 
of non-diabetic patients who had macular edema associated 
with extrafoveal vitreous traction. Evidence of traction was 
confirmed by the presence of vitreous adherence to the retina 
or the optic nerve head, associated with tissue elevation and 
deformity at the traction site. Exclusion criteria were dia-
betic patients, eyes that had vitreofoveal traction, and eyes 
with vitreoretinal adherence without signs of retinal traction 
and for which the quality of scans was not high enough for a 
proper diagnosis and measurements. As controls, 12 normal 
eyes (12 age-matched patients) underwent OCT examina-
tion of the macula. Based on the latter, the fovea was consid-
ered edematous when its center exceeded 200 µm, similar to 
that previously reported [23].  This research adhered to the 
tenets of the Declaration of Helsinki, and approval from the 
Institutional Ethics Committee was obtained.

After ophthalmic examination, each OCT evaluation of 
the macula was routinely initiated by using the Automatic 
6-radial lines program, directed to the fixation point and 
focused on the fovea. (In this OCT-2000, six radial lines 
centered on the fovea are obtained individually, oriented 
300 from one another, whereas the OCT-3 fast macular 
map protocol provides six scans rapidly obtained in a 
radial spoke pattern). We then used the Line group pro-
gram, which can be controlled manually by the examiner. 
Scans are routinely taken at various sites, angles and lengths 
(shorter scan increases resolution) to search for a vitreous 
traction point away from the fovea. When an extrafoveal 
vitreous traction was detected, that site was examined to 

verify whether the associated retinal edema or subretinal 
fluid was in continuum with the fovea. The search for fur-
ther traction was usually discontinued upon detection of a 
vitreous traction site. 

results

Patients’ characteristics and OCT findings are summarized 
in Table 1. Each of the five eyes (of five patients aged 45–85 
years) with macular edema that was unresponsive to the con-
servative treatment was confirmed by OCT to have extrafo-
veal vitreous traction. Vitreoretinal traction was apparent at 
the papillomacular bundle site in three eyes, in two of which 
a second traction site was detected, either superotemporally 
(patient 2) or inferonasally to the fovea (patient 4) [Figure 1]. 
Vitreous traction was situated in one eye (patient 3) superona-
sally to the fovea and in the fifth (patient 5) at the optic nerve 
head, manifesting as vitreopapillary traction. The cause of the 
vitreous traction was identified as penetrating injury, cataract 
extraction, branch retinal vein occlusion, central retinal vein 
occlusion, and idiopathic. 

Detection of vitreous traction was not made by the 
Automatic 6-radial lines program in two eyes (patients 4 and 
5), but was possible only by using the Line group program 
[Figures 1 and 2, Table 1]. In a third eye (patient 3), a vitreous 
strand was detected close to an extrafoveal retinal site while 
using the Automatic 6-radial lines program, but proof of 
adherence was indecisive. The Line group program, however, 
confirmed vitreoretinal traction at that site.

Localized serous retinal detachment was apparent at or 
adjacent to the traction sites in four eyes and retinal edema 
in all eyes [Table 1, Figures 1 and 2]. The localized subretinal 
fluid (patients 2–5) and the retinal edema underlying the trac-
tion site attained direct communication with the foveal edema 
in each eye, thus presenting as diffuse macular edema with or 
without serous macular detachment. In comparison with the 6 
mm diameter macular map of normal eyes, the macular maps 

table 1. Characteristics of patients with diffuse macular edema and their optical coherence tomography findings

BCVA = best-corrected visual acuity, FC = finger counts, m = meters. 

Patient no.  
gender/age Bcva etiology

Foveal 
thickness
(µm) site of extrafoveal traction

serous macular
detachment

detection of traction 
with the automatic 
6-radial lines 

1
M/51  6/18 Penetrating injury 358 Papillomacular bundle No Yes

2
M/66  6/24 Pseudophakia 370 Papillomacular bundle &

superotemporal to fovea Yes Yes

3
F/78  6/24 Idiopathic 505 Superonasal to fovea Yes Suspected

4
M/45 6/36 Central retinal  

vein occlusion 582 Papillomacular bundle &
inferonasal to fovea Yes No

5
F/85 FC 3 m Branch retinal  

vein occlusion 717 Optic nerve head Yes No
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of the five studied eyes presented thickened retina in most of 
the zones surrounding the fovea [Figure 3]. 

discussiOn 

The study presents five eyes (of five patients) with diffuse mac-
ular edema secondary to five different etiologies. Extrafoveal 
vitreoretinal or vitreopapillary traction was associated with 
an underlying or adjacent retinal edema in all traction sites 
and serous retinal detachment in four eyes. The edema and 
subretinal fluid were in continuum with the foveal edema, 
manifesting in each as diffuse macular edema with or without 
shallow macular serous detachment. 

The origin of diffuse macular edema in eyes without 
vitreomacular traction is often unidentified. Therefore, for 
eyes with diffuse macular edema secondary to diabetes or 

following BRVO without vitreofoveal traction, treatment by 
argon laser grid photocoagulation or by intravitreal admin-
istration of corticosteroid or anti-VEGF agents is only par-
tially beneficial for the former, i.e., laser treatment [13,14], 
and transient when medications are used [16-18]. Reports on 
the outcome of PPV in eyes with diffuse macular edema are 
diverse [10,24], and the causes of success or failure are often 
obscure. A few authors attribute the surgical benefit, in part, 
to the removal of growth factors associated with macular 
edema from the vitreous site. In contrast, La Heij et al. [24] 
observed that surgical success for diabetic diffuse macular 
edema was significantly better when not preceded by laser 
treatment(s). Those authors and others [10] suggested that 

VEGF = vascular endothelial growth factor
PPV = pars plana vitrectomy

Figure 2. Diffuse macular edema in the right eye of an 85 year 
old woman with branch retinal vein occlusion (Patient 5). [a] The 
Automatic 6-radial lines program reveals diffuse macular edema 
(arrow), and a localized serous retinal detachment (arrow head). 
Vitreoretinal traction is not detected. [B] The Line group program 
shows vitreous traction at the optic nerve head. A diffuse macular 
edema (arrow) and serous retinal detachment (arrow head) are 
adjacent to the traction site.
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Figure 1. Diffuse macular edema in the left eye of a 45 year old man with central retinal 
vein occlusion (Patient 4). [a] The Automatic 6-radial lines program demonstrates 
diffuse macular edema (arrow) and a localized serous retinal detachment (arrow 
head). Vitreoretinal traction is not detected, though a small epiretinal membrane is 
identified (thick arrow). [B] The Line group program discloses vitreous traction strand 
located inferonasally to the fovea. A serous retinal detachment (arrow head) and 
diffuse edema (arrow) are adjacent to the traction site.
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OCT will detect traction sites faster and with a higher rate of 
accuracy than the two-dimensional OCT. This is because the 
3-D OCT screens the whole area, acquiring an entire A-scan 
simultaneously, and it promises an image acquisition at 50 to 
100 times the current speed with equal or improved spatial 
resolution. 

Limitations of the study are its retrospective design and 
the small series. Nonetheless, the study raises awareness that a 
diffuse macular edema in various ocular diseases may appear 
secondary to extrafoveal vitreous traction. Further studies are 
required to validate these findings and to assess whether early 
vitrectomy may improve visual prognosis in these eyes. 

surgical delay, in addition to the harmful, sometimes repeated 
laser treatment for diffuse macular edema, may partly explain 
the functional surgical failure in the relevant studies. 

Similarly, several studies on PPV for treating recalcitrant 
pseudophakic CME have been reported [18-20]. Harbour 
and colleagues [20] described 24 consecutive patients who 
underwent PPV for chronic pseudophakic CME that failed 
to respond medically. The surgery resulted in improved visual 
acuity in all eyes from a mean visual acuity of 20/190 preop-
eratively to 20/52 postoperatively, with a mean improvement 
of 4.7 Snellen lines [18]. Pendergast and co-workers [21] 
reported the results of PPV for intractable chronic pseu-
dophakic CME in 23 consecutive eyes with no apparent vit-
reoretinal disturbance. Surgery resulted in resolution of the 
CME in all cases, though with improved visual acuity in only 
some of the eyes [21]. This latter, relatively minor functional 
benefit could be related to the fact that the macular edema 
was present for a mean of 20 months (range 3–110 months) 
prior to surgery. Peyman and team [22] reported on the 
beneficial effect of internal limiting membrane peeling in 
two eyes with recalcitrant pseudophakic CME. Nevertheless, 
none of the aforementioned studies used OCT preoperatively, 
and vitreous traction was not detected. Although speculative, 
it might be possible that in some of these eyes, as well as in 
the aforementioned diabetic eyes, PPV released undetected 
vitreous traction membranes that resulted in the postopera-
tive anatomic improvement. 

 In our study one patient presented with extrafoveal vitre-
ous traction and diffuse macular edema of idiopathic origin. 
Of the possible causes, the most common is an old, transient 
subclinical uveitis. In uveitis, clinical observations of macular 
traction and secondary macular edema, or tractional periph-
eral retinal tears have been reported [25]. However, none of 
the uveitic studies related the retinal edema that underlined 
an extrafoveal traction site to a diffuse macular edema. 

The centrally fixated Automatic 6-radial lines program 
enabled unequivocal diagnosis of extrafoveal vitreous trac-
tion in two eyes (patients 1 and 2). However, in two other 
eyes (patients 4 and 5) the diagnosis of extrafoveal vitreous 
traction was possible only with the Line group program, with 
no suspicious signs on the Automatic scans. In the remaining 
eye (patient 3), a definite diagnosis of extrafoveal vitreous 
traction could only be made with the Line group program. 
This may be explained by the fact that the length of each 
scan in the Automatic 6-radial lines program is ~6 mm and 
is separated from each other by a 300 of arc. This could lead 
to missing vitreoretinal adherence even in the foveal vicinity, 
and thus to misdiagnosing the presence of traction mem-
branes. The Line group program can overcome that obstacle. 
It may be possible that the new generation three-dimensional 

CME = cystoid macular edema

Figure 3. Macular maps, 6 mm diameter, of the five eyes studied: patients 1–5 are 
presented from superior-left to right. The mean of the normal controls (n=12) is 
presented at the inferior-right. Each of the studied eyes had a thickened retina in 
most of the zones surrounding the fovea compared to the normal eyes. N = nasal, T = 
temporal. Diameter of the innermost ring is 1 mm, of the median ring 3 mm, and the 
outer ring 6 mm.
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Most current influenza vaccines elicit antibodies that target 
hypervariable regions on the major surface antigen hemagglutinin 
(HA) and interfere with binding of a specific flu strain to host 
cells. Recently, more broadly neutralizing antibodies have 
been described that raise the hope of designing more general 
therapies. Now Ekiert et al. have determined crystal structures 
of the antigen-binding region of the broadly neutralizing human 

antibody CR6261 in complex with two different HAs, one from the 
1918 influenza virus and the other from H5N1 avian influenza 
virus. The structures show how neutralization is achieved. This 
molecular-level understanding of the binding epitope will guide 
vaccine and drug-design efforts.

Science 2009;324:246

Eitan Israeli

capsule

Fighting flu with broad-spectrum antibodies

Textbook definitions of antibodies emphasize the exquisite 
specificity with which these proteins bind their target antigens. 
New research suggests that this “one antibody-one antigen” 
paradigm can be tweaked in the laboratory. Working with 
an engineered library of variants of herceptin, a therapeutic 
monoclonal antibody targeting the breast cancer growth factor 
HER2, Bostrom et al. successfully selected variants which had 

antibody-combining sites that simultaneously bound with 
high affinity to a second cancer-relevant antigen, vascular 
endothelial growth factor (VEGF). In preliminary assays of 
efficacy, the two-in-one antibodies inhibited HER2- and VEGF-
mediated cell proliferation in vitro, as well.

Science 2009;323:1610

Eitan Israeli
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two-in-one designer antibody
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