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• PURPOSE: To describe the vitreoretinal interface in vit- 
reomacular traction (VMT) by using novel optical coher- 
ence tomography (OCT) methods; wide-angle montage, 
and pseudomotion OCT imaging systems. 
• DESIGN: Observational case series. 
• METHODS: Wide-angle montage OCT images of hori- 
zontal and vertical scans through the fovea were acquired 

in 50 eyes of 46 consecutive patients with VMT. Base- 
line fundus scans were obtained. These were followed by 

scans acquired with an eye-tracking system performed im- 
mediately after vertical and horizontal eye movements. 
Three scans were then superimposed to compare changes 
in the contour and position of the posterior vitreous. 
• RESULTS: The subjects were classified as VMT with 

(“proliferative”; 48.0%) and without (“nonprolifera- 
tive”; 52.0%) thickened posterior vitreous. Epiretinal 
membrane was observed in 26.9% of nonproliferative and 

95.8% of proliferative VMT eyes ( P = 3.6 × 10 

–7 ). 
No eye of proliferative and 57.7% of nonprolifera- 
tive VMT eyes had wavy contoured posterior vitreous 
( P = 4.0 × 10 

–6 ). None with proliferative VMT, but 
91.7% of nonproliferative VMT eyes, showed motion in- 
duced changes of posterior vitreous following eye move- 
ment ( P = 2.0 × 10 

–8 ). The posterior vitreous detach- 
ment extended beyond the scanned area in 34.6% of 
nonproliferative and 8.3% of proliferative VMT eyes 
( P = .040). 
• CONCLUSIONS: By dynamically evaluating the vitreo- 
retinal interface of patients with VMT, the static con- 
traction forces of a thickened posterior vitreous at the 
macula are implicated in proliferative VMT. This con- 
tractile force is not strongly implicated in the majority of 
VMT eyes with nontaut and more mobile vitreous (non- 
proliferative VMT). VMT and its associated complica- 
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tions are determined by at least 2 different pathophys- 
iological mechanisms. (Am J Ophthalmol 2022;238: 
1–9. © 2021 Elsevier Inc. All rights reserved.) 
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berrant interactions at the vitreoretinal
interface are recognized as an important pathologi-
cal factor in a number of macular disorders includ-

ng but not limited to cystoid macular edema, macular hole,
piretinal membrane (ERM), myopic traction maculopa-
hy, and diabetic macular edema. 1 , 2 Abnormal vitreoreti-
al adhesion at the macula during posterior vitreous de-
achment (PVD) has been implicated and found to be in-
egral in these disorders. The International Vitreomacular
raction Study Group has utilized optical coherence tomog-
aphy (OCT)-based anatomic definitions of vitreomacular
raction (VMT) to precisely describe the condition. 3 Var-
ous studies have further delineated fine anatomical alter-
tions of the vitreoretinal interface by using OCT and have
eported the characteristic findings that strongly implicate
ractional force on the macula as one of the most important
actors for development and progression of VMT. 4–9 

Previously, documented proliferative changes on the pos-
erior cortical vitreous in VMT cases, have been described
s “thickened posterior hyaloid” 5,6 or “hyper-reflective pos-
erior hyaloid” 7,8 in OCT observations. This thick pos-
erior vitreous is often contiguous with the ERM that be-
omes a backlining of the detached posterior vitreous.
istopathological studies revealed thick posterior vitreous

nd ERM in this type of VMT that also contained prolifer-
tive cell components including RPE cells, myofibroblasts,
nd fibrocytes. 7 , 10 

The findings of both histopathologic thickening and hy-
erreflectivity on OCT are uncommon in several condi-
ions including traditionally called “idiopathic” macular
oles with concurrent VMT. In our prior work using novel
CT imaging strategies and methods, macular holes are as-

ociated with a distinct morphological abnormality char-
cterized by a thin and wavy rather than a thickened and
aut posterior vitreous. 11 We also have reported on poten-
ial mechanistic findings at the vitreoretinal interface. A
esulting fundamental observation concludes that dynamic
osterior vitreous movements create anteroposterior trac-
ional forces that act at the parafovea and induce mac-
lar hole initiation and progression. 12 It is also notewor-
L RIGHTS RESERVED.. 1 
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TABLE 1. Demographic Data of Enrolled Subjects 

Nonproliferative VMT Proliferative VMT P Value 

Age (years) Mean ± SD (median) 69.5 ± 8.1 (70) 69.4 ± 10.4 (71) .987 a 

Range 57–89 39–86 NA 

Gender (M/F) Cases 9/14 14/9 .238 b 

Eyes 9/17 15/9 .088 b 

F = female; M = male; NA = not available; SD = standard deviation; VMT = vitreomacular traction . 
a t -test. 
b Fisher’s exact test (CI: 95%). 
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obtained. 
thy that histopathological examination of macular hole
demonstrated fibrocellular membrane fragments in only a
minority of the surgical specimens obtained. 13 , 14 

Based on these findings, we focused on the proliferative
changes at the vitreoretinal interface that may alter the
tractional forces imparted by the fluid currents created by
the mobile posterior vitreous. We subsequently considered
VMT cases as either proliferative or nonproliferative, de-
pending on the presence of a thickened posterior vitreous.
To better understand the pathogenesis of VMT in each of
these 2 test cases, we used previously reported OCT tech-
niques to image patients with documented VMT. A mon-
taged OCT imaging system that enables wide-field imag-
ing from the macula to the equator 11 and a method that
tracks the posterior cortical vitreous movement before and
after prescribed ocular saccades, with an OCT eye-tracking
system, 12 were used. Our results suggest that VMT-induced
macular pathology is differentially predicted by OCT imag-
ing, with eyes having nonproliferative type VMT having
different fates than eyes with proliferative type VMT. These
findings have a significant impact on mechanistic, patho-
physiologic, diagnostic, and therapeutic implications. 

METHODS 

• PATIENTS AND STUDY DESIGN: This is a consecutive,
observational case series. Fifty eyes of 46 patients with VMT
were enrolled into this study ( Table 1 ). The clinical diag-
nosis of VMT was determined by the OCT-based anatomic
definition of International VMT group. 3 To analyze the in-
cidence of associated findings, we included eyes with VMT
and concurrent ERM and/or full-thickness macular hole.
The investigation adhered to all of the tenets of the Dec-
laration of Helsinki. This study was approved by the Insti-
tutional Review Board of the Saitama Medical University
(approval no. 11-041-01) and the Ethics Committee of In-
ternational University of Health and Welfare (approval no.
13-B-225). The composition of the subject population was
23 females and 23 males, ranging in age from 39 to 89 years
old (mean, 69.5 ± 9.2). All participants underwent indirect
2 AMERICAN JOURNAL OF OPH
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phthalmoscopic and slit-lamp biomicroscopic examina-
ion, refraction, and best-corrected visual acuity testing. 

MONTAGED IMAGES AND GIF ANIMATIONS OF OCT:

he OCT examinations were carried out through a dilated
upil using commercially available spectral-domain OCT
Spectralis, Heidelberg Engineering) or swept-source OCT
DRI OCT Triton plus, Topcon). Standardized horizontal
nd vertical vitreoretinal sections through the fovea were
ollected for each subject. To obtain the maximum imag-
ng depth into the vitreous and vitreoretinal interface, the
etinochoroidal layers were set at the bottom of the image
lane and the scans were focused on the vitreous. The plani-
etric image editing system was used to enhance visualiza-

ion of the vitreous images. 15–17 

For the wider angled examination of the posterior vitre-
us and the vitreoretinal interface, OCT images were mon-
aged. This technique permits observation from the mac-
la to the periphery, approximately to the equator. 11 , 12 , 18 , 19

he montaged images were assembled by picture editing
oftware, Photoshop (version 5.5, Adobe). The maximum
idth of vitreous attachment to the macula was measured
n OCT images. The incidence of focal ( ≤1,500 μm) or
road VMT ( > 1,500 μm), 3 , 20 and V-shaped (PVD with
emporal and nasal detachment but persistent attachment
t the fovea) or J-shaped VMT (an incomplete PVD with
ersistent foveal and nasal attachment but temporal de-
achment to the fovea) 21 , 22 was evaluated. 

To examine the mobility of the posterior cortical vit-
eous during eye movement, the superimposed OCT
mages and their GIF format animations were created using
hotoshop software. Specifically, after the OCT images
ere acquired in the static eye state (baseline), patients
ere asked to move their eyes up-and-down 3 times or

ight-and-left 3 times, just before OCT scanning, at which
oint a single scan of the same portion of the fundus
as acquired using the OCT Eye Tracking System. The

mages of both the static and post ocular motion states
ere then reconstituted in Photoshop software to make a

tandardized overlaid OCT image, and a pseudoanimation
IF. Thirteen eyes were excluded from the superimposed
CT examination because the patient’s consent was not
THALMOLOGY JUNE 2022 
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TABLE 2. Characteristic Findings of Optical Coherence Tomography Imaging 

Nonproliferative VMT Proliferative VMT P Value a 

ERM 7/26 (26.9) 23/24 (95.8) 3.6 × 10 –7 

Macular hole 11/26 (42.3) 2/24 (8.3) 9.2 × 10 –3 

Wavy configuration of posterior vitreous 15/26 (57.7) 0/24 (0) 4.0 × 10 –6 

Fibrous anchor 0/26 (0) 23/24 (95.8) 2.2 × 10 –13 

PVD expansion beyond the scanned area 9/26 (34.6) 2/24 (8.3) .040 

Movement of posterior vitreous b 21/23 (91.7) 0/14 (0) 2.0 × 10 –8 

The width of vitreous attachment ( μm, mean ± SD) 401.1 ± 462.2 2364.6 ± 2108.9 1.0 × 10 –6 

Focal/broad VMT 25/1 12/12 2.3 × 10 –4 

V-/J-shaped VMT 26/0 20/4 .046 

Number of positive eyes/total eyes (%). 

ERM = epiretinal membrane; PVD = posterior vitreous detachment; SD = standard deviation; VMT = vit- 

reomacular traction. 
a Fisher’s exact test (CI: 95%), except the width of vitreous attachment (Mann-Whitney U test). 
b Thirteen eyes (3 nonproliferative VMT; 10 proliferative VMT) were excluded from the superimposed OCT 

imaging analysis since the consent was not obtained. 
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• STATISTICAL ANALYSIS: The incidence of each pheno-
type was statistically analyzed using Fisher’s exact test, t test,
or Mann-Whitney U test. The results were considered to
be statistically significant at a P value of less than .05. All
analyses were performed using open-source software for sta-
tistical analysis, JASP (JASP Team, 2020 Version 0.14.1). 

RESULTS 

• THE OBSERVATIONS OF THE POSTERIOR VITREOUS AND

THE MACULA IN PROLIFERATIVE AND NONPROLIFERA-

TIVE VMT: Of the 50 eyes examined, there were 24 eyes
with proliferative VMT; the remaining 26 eyes had non-
proliferative VMT. There was no significant difference in
age/gender distribution between these 2 groups ( Table 1 ).
The incidence of concurrent ERM at the parafoveal area
was high in eyes with proliferative VMT (23/24 eyes
[95.8%]) and low in eyes with nonproliferative VMT (7/26
eyes [26.9%]) ( P = 3.6 × 10 

–7 ). Nonproliferative VMT
showed focal and mild macular deformity with regard to
the extent of foveal elevation, intrafoveal cysts and split-
ting of retinal layers, and was notably associated with full-
thickness macular holes in 11 of 26 eyes (42.3%). There
were only 2 eyes with macular hole in 24 eyes with prolif-
erative VMT (8.3%) ( Table 2 ) ( P = 9.2 × 10 

–3 ). 
Eyes with proliferative VMT had a greater predisposi-

tion to broad vitreomacular attachment (mean. 2364.6 ±
2108.9 μm) than eyes with nonproliferative VMT (401.1
± 462.2 μm) ( Table 2 ) ( P = 1.0 × 10 

–6 ). Twelve of
24 eyes with proliferative VMT (50.0%) and 1 of 26
eyes with nonproliferative VMT (3.8%) were classified as
having broad VMT ( Table 2 ) ( P = 2.3 × 10 

–4 ). Four
VOL. 238 PROLIFERATIVE AND N
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yes with proliferative VMT (16.7%) showed a J-shaped
MT and 20 eyes showed V-shaped VMT. All eyes with
onproliferative VMT showed V-shaped VMT ( Table 2 )
 P = .046). 

In eyes with proliferative VMT, the posterior vitreous
ypically detached from the retina showing a taut con-
ex (anterior protrusion) configuration ( Figure 1 ). Thick
osterior vitreous was seen to be broadly connected to
RM with multiple anchoring points over the macula
 Figure 2 ). In contrast, in eyes with nonproliferative VMT
he posterior vitreous was not taught but rather had
 relaxed wavy-contoured posterior vitreous (15/26 eyes
57.7%]), suggestive of vitreous mobility ( Figures 3 and 4 ,
able 2 ) ( P = 4.0 × 10 

–6 ). The presence of fibrous an-
hors on the retinal surface restricted PVD around the mac-
lar and paramacular regions in proliferative VMT eyes
23/24 eyes [95.8%]) ( Figures 1 and 2 ), but no such an-
hors were seen in nonproliferative VMT eyes ( Table 2 )
 P = 2.2 × 10 

–13 ). The posterior cortical vitreous was de-
ached beyond the observable image range, in at least 1
uadrant, in 9 of 26 eyes (34.6%) in nonproliferative VMT
yes ( Figures 3 and 4 ). This was less common in prolifera-
ive VMT eyes (2/24 eyes [8.3%]) ( Figures 1 and 2 , Table 2 )
 P = .040). 

SUBSTANTIAL FLEXIBILITY OF THE POSTERIOR VITRE-

US IN NONPROLIFERATIVE VMT WITH EYE MOVEMENT:

maging of the posterior vitreous before and after eye move-
ent revealed that no eye with proliferative VMT showed

hanges in the configuration or position of the posterior vit-
eous (0/14 eyes), which was continuously taut, maintain-
ng a nonwavy, convex contour ( Figure 1 D and E, Supple-
ental Data/Video 1). In contrast, 21 of 23 eyes (91.7%)
ith nonproliferative VMT showed changes in posterior
ONPROLIFERATIVE VMT 3 
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FIGURE 1. The fundus (A) and optical coherence tomography (OCT) images (B–E) of a 71-year-old man with a thickened posterior 
vitreous cortex (proliferative vitreomacular traction [VMT]). A. A vertical montaged image of the fundus demonstrating the OCT 

scanned range. B, C. The montaged wide-angle OCT images show the thick posterior vitreous firmly attaches to the retina at the 
fovea and the optic disc. Fibrous anchors set at the boundary of posterior vitreous detachment (PVD) ( arrowheads ) and a constant 
taut and convex posterior vitreous ( arrows ). The fovea is elevated associated with macular deformation and retinal cysts. At the 
mid-periphery granular hyper-reflections are evident ( asterisks ). D, E. OCT images before and after horizontal or vertical ocular 
movements demonstrate that the thickened posterior vitreous hardly changes its contour and position with ocular movements. 

 

 

 

 I  
vitreous position and multiple posterior vitreous lines in
the superimposed OCT images. Dynamic motion in GIF
pseudoanimations before and after an ocular motion was
present ( Figure 3 E and F, Figure 4 E and F, Supplemental
Data/Videos 2 and 3, and Table 2 ) ( P = 2.0 × 10 

–8 ). 
t  
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DISCUSSION 

n the current study, we classified VMT into 2 distinct sub-
ypes, namely, proliferative and nonproliferative, based on
THALMOLOGY JUNE 2022 

 Health and Social Security de ClinicalKey.es por Elsevier en junio 17, 
ación. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



FIGURE 2. The montaged fundus (A) and optical coherence tomography (OCT) images (B-F) with proliferative vitreomacular 
traction (VMT) (a 72-year-old man). B, C. The thick posterior vitreous has a taut and convex contour and attaches to multiple 
points on the retina over the macula with fibrous anchors including the fovea, the optic disc and the boundary of posterior vitreous 
detachment (PVD) ( arrowhead ). The retina at these vitreoretinal adhesion points is elevated. D–F. Magnified images of insets in B 

and C (D, solid line rectangle in B; E, dotted line rectangle in B; F, dotted line rectangle in C). Note that the epiretinal membrane 
(ERM) and the thickened posterior vitreous are joined with the pillar-like structures ( ∗) and create multiple cysts over the macula. 
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the morphological characteristic of the posterior cortical
vitreous. In eyes with nonproliferative VMT, the poste-
rior vitreous is flexible and mobile with eye motion. The
more mobile vitreous implicates a dynamic VMT result-
ing from ocular saccades as the primary pathomechanism
of the macular pathology seen in this subtype of VMT.
In the second subtype, proliferative VMT, patients have
a static, thickened, and taut posterior vitreous. The static
VOL. 238 PROLIFERATIVE AND N
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ontractile forces of the thickened posterior vitreous at the
acula may also be mechanistically significant with re-

ard to resulting macular pathology. In eyes with prolif-
rative VMT, pathological alterations occurred predomi-
antly in the macula and paramacular region. These al-
erations were characterized by points of strong vitreoreti-
al adhesion at fibrous anchors that limited PVD extension
nteriorly. 
ONPROLIFERATIVE VMT 5 
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FIGURE 3. The fundus image (A) and OCT images (B–F) of vitreomacular traction (VMT) without thick posterior vitreous (61- 
year-old man, nonproliferative VMT). B, C. The montaged wide-angle optical coherence tomography (OCT) images demonstrate 
posterior cortical vitreous attaching to the fovea and the posterior vitreous smoothly transitions to the periphery. The fovea is 
elevated and shows an intraretinal cyst. Vitreoschisis and granular hyperreflections are evident in the peripheral vitreous ( arrows ). 
D. A magnified image of the inset in B, showing a narrow but distinct separation of the posterior vitreous from the retina expanding 
beyond the observable range ( arrowhead s). E, F. Overlaid OCT images of before and after horizontal or vertical ocular saccades 
demonstrate 3 lines of the posterior vitreous, indicating posterior vitreous changes its position after ocular movements. 
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FIGURE 4. The fundus image (A) and optical coherence tomography (OCT) images (B–F) of nonproliferative vitreomacular trac- 
tion (VMT) associated with full-thickness macular hole (70-year-old man). B, C. The posterior vitreous does not show thickening 
in montaged wide-angle OCT images. D. A magnified image of the inset in B. Note the wavy configuration of posterior vitreous 
( arrows ) and widely extended posterior vitreous detachment (PVD) especially in the superior quadrant. E, F. The posterior vitreous 
has a wavy configuration, which changes the contour and position before and after the ocular movements. 

VOL. 238 PROLIFERATIVE AND NONPROLIFERATIVE VMT 7 
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The state of the posterior vitreous and its attachment
to the macula has been suggested to determine the mode
of tractional force applied. Johnson 

5 , 6 , 23 has proposed that
the balance between static and dynamic vitreous tractional
forces in a particular eye helps determine whether VMT
results in macular hole formation or a persistent macular
traction disorder. In support of this hypothesis, we found
that macular holes were much more commonly associated
with the dynamic traction of nonproliferative VMT than
with the static traction of proliferative VMT. Regarding
macular hole progression, we have previously demonstrated
that the dynamic posterior vitreous movements have a sig-
nificant impact on anteroposterior tractional forces on the
parafovea. 11 , 12 Likewise, eyes with nonproliferative VMT
had a wavy-contoured posterior vitreous, which was very
flexible and mobile immediately after eye motion, impli-
cating the dynamic traction forces applied to the macula
with resulting fluid currents playing potentially important
pathogenetic roles. In contrast, proliferative VMT eyes did
not show wavy posterior vitreous, but maintained a con-
stantly taut and convex appearance, and the thick poste-
rior vitreous face line did not change in contour or position
during vitreous gel movement. These findings suggest that
the posterior vitreous with proliferative VMT is not relaxed
and that static tractional forces, generated by the persistent
contraction of the convex thick posterior vitreous, may be
important in the development of macular pathology. A lim-
itation of this tracking method is the difficulty in capturing
movements when an object moves substantially but returns
to the original position quickly. Therefore, our data do not
exclude a possible contribution by dynamic movement of
the vitreous gel to the pathomechanisms in proliferative
VMT. Because of the elastic nature of the posterior vitreous,
it is possible that dynamic motion of the vitreous gel and
fluid amplifies the sustained contractive force of the taut
posterior hyaloid upon the macula. 6 This hypothesis may
be tested by real-time observation when a high-resolution
video system of OCT becomes available. 

We found a concurrent ERM in almost all eyes with pro-
liferative VMT. The ERM was integrated into taut and con-
vex posterior vitreous with pillar-like structures and cysts,
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hich were distributed broadly over the macula. The proba-
ility of seeing ERM in nonproliferative VMT was compar-
tively much lower. Concurrence of ERM and thick poste-
ior vitreous in VMT has been reported from intraoperative
bservations, 3D spectral-domain OCT and histopatholog-
cal studies. 6–8 Although the origin of thick posterior vitre-
us in VMT is still debatable, the ERM and the thick pos-
erior vitreous are connected together as a result of cellular
roliferation. 7 , 23 Prior work reports that the composition
f proliferative cells includes myofibroblast and fibroblast,
nd they create a strong anchoring between the posterior
itreous and the retina around the macula, resulting in per-
istent vitreoretinal traction stresses and the prevention of
pontaneous vitreoretinal separation. 5 , 6 , 23 We found that
he majority of proliferative VMT eyes were associated with
brous anchors and that a convex and thickened posterior
itreous was distributed around the macular region, whereas
osterior cortical vitreous in nonproliferative VMT was of-
en detached beyond the observable range of wide-angle
ontaged OCT. No eyes with nonproliferative VMT had

bservable fibrous anchors. These findings support previ-
us reports 5 , 6 , 23 and indicate that, in eyes with proliferative
MT, pathological alterations occur predominantly around

he macular region with strong vitreoretinal adhesion at the
brous anchors, preventing spontaneous vitreomacular sep-
ration and normal progression of PVD anteriorly. 

Previous studies have classified VMT based on the area
f vitreomacular attachment 3 , 20 or the V-/J-shaped pattern
f the PVD. 21 , 22 The eyes with proliferative VMT showed
 wider vitreomacular attachment and a higher prevalence
f broad VMT as compared with those with nonprolifera-
ive VMT. We found only 4 eyes with a J-shaped pattern in
his study and all were of the proliferative VMT type. Al-
hough there remains a possible association between prolif-
rative VMT and a J-shaped pattern of PVD, these findings
ndicate that the width of vitreomacular attachment better
eflects the characteristic of proliferative/nonproliferative
MT subtypes than it does patterns of persistent vitreous

ttachment. This finding may implicate a possible role of
ellular proliferation facilitating increased vitreous adhe-
ion to the macula. 
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