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PRESENTING OUTER RETINAL TUBULATIONS
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Rodolfo Aburto-Noguera MD, Almudena de Pablo-Cabrera MD

ABSTRACT
objectives
Outer retinal tubulations (ORT) develop from the invagination of the photoreceptor layer following damage in the retinal pigment 
epithelium (RPE) and/or outer retina in some degenerative retinal disorders. They present as round hyporreflective structures with 
hyperreflective borders. Two subtypes have been described: pseudodendritic and perilesional.
Our objective is to study the possible correlation between the total length, distance to the fovea or subtype of ORT and the visual 
acuity in patients with Age-related Macular Degeneration (AMD).

methods
A descriptive study was performed, applying the “En Face” Optical Coherence Tomography scan technique, also called C-Scan OCT, 
to a sample of 18 eyes from 16 patients with AMD that presented ORT. A tridimensional reconstruction was obtained, generated 
by macular mapping consisting of 145 30 µm transverse sections in a 15ºx30º mm2 central retinal area. The total length of the ORT 
was measured with the Spectralis Heidelberg kaleidoscope. This data was then analyzed along with the visual acuity of patients, 
using Student’s t-test to compare with subtype of ORT, and Pearson’s r to compare with total length and distance to the fovea.

results
The mean total length of the ORT was 2569 µm and the mean distance to the fovea was 935.61 µm. Seven eyes presented with 
pseudodendritic subtype and eleven with perilesional subtype.
No lineal correlation was found between the length or the distance to the fovea and the visual acuity (r2=0.138 and r2=0.071).
No statistically significant difference was found in the correlation between ORT subtype and visual acuity, using Student’s t-test.

conclusions
In our study, no correlation was found between total length, subtype or distance to the fovea and the patients’ visual acuity. There 
are no other published studies that describe or compare this data.

Optical coherence tomography (OCT) is a noninvasive image 
technique that allows to visualize in vivo structures of the 
retina. Thanks to the arrival of this tool, new lesions have been 
discovered that were previously inaccessible, as is the case of 
outer retinal tubulations (ORT). The “En Face” technique, derived 
from the OCT, permits to make frontal sections of the retina, 
allowing to reconstruct a tridimensional image1, 2.

In 2009 Zweifel et al first described ORT in patients with Age-
related Macular Degeneration (AMD)12. The name “tubulation” 
derives from the tubular shape that these lesions present when 
observed with the “En Face” technique1.

ORT are located in the outer nuclear layer of the retina and are 
believed to be an invagination of the photoreceptor layer, that 
folds creating new lateral adhesions1, 4, 6, 11, 13. This is due to the 
tissue damage produced by the interruption of interdigitations 
between the retinal pigment epithelium (RPE) and the 
photoreceptors, and the loss of the tight junctions between the 
outer segments and the adjacent glial cells. It is thought that 
ORT appear in areas of remodeling (atrophy, inflammation or 
neovascularization) and are an attempt to repair the damage 
caused by degenerative retinal disorders to reconstruct the 
internal segment of the ellipsoids3, 4, 6, 7, 12.

Outer retinal tubulations have a round or oval shape with 
hyperreflective borders that contrast with a hyporreflective 
center; they have a height of between 40-140 μm and a variable 
width1, 3, 4, 6, 8, 9, 13. They are usually located more than 1 mm from 

the center of the retina and they have never been found under 
the fovea. Two subtypes have been described according to 
their morphology: pseudodendritic (which present as branched 
networks that are located in fibrovascular areas in patients with 
exudative AMD) and perilesional (which have a tubular shape, 
lack of digitations, and are found in atrophic areas in patients 
with dry AMD)1. These features allow to differentiate ORT from 
Cystoid Macular Edema, which is located in the inner nuclear 
layer and does not have the characteristic hyperreflective 
external halo3, 4, 8, 11.

These structures were first described in AMD with classic 
choroidal neovascular membranes, but have subsequently 
been discovered in other degenerative disorders such as retinal 
dystrophies, Stargardt’s disease, retinitis pigmentosa, central 
serous choroidopathy, Best’s disease or even choroidal nevus 
among others1, 3, 4, 6, 7, 9, 10, 11, 12, 13.

Certain risk factors for its occurrence have been described, 
such as geographic atrophy, poor visual acuity, large lesion size, 
blocking of the contrast in the fluorescein angiography (FA), 
hemorrhages etc5. They have not however been described in the 
Diabetic Macular Edema, central retinal vein occlusion (CRVO) or 
zones with total absence of photorreceptors5.

The aim of this study is to measure the length of the ORT as well as 
their distance to the fovea, and verify whether it affects the visual 
acuity of our patients. On the other hand we will also evaluate the 
possible correlation between visual acuity and type of ORT.

INTRODUCTION
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We designed a descriptive study of a series of cases. We took 
as sample the eyes of those patients diagnosed with AMD who 
presented ORT in their checkup OCT and who were followed by 
the Retina Section of the Department of Ophthalmology of the 
Hospital Doce de Octubre (Madrid) from August to November 
2014.

Inclusion criteria were the presence of ORT when a checkup 
OCT was performed on patients diagnosed with AMD, that had 
good cooperation regardless of whether they had had cataract 
surgery or not. We excluded patients with fixation difficulty, poor 
collaboration, media opacity that prevented testing and signs of 
diabetic retinopathy.

All patients underwent examination that consisted of 
measurement of their best corrected visual acuity (BCVA) with 
Snellen test, slit lamp exam, fundus examination with indirect 
ophthalmoscope and optical coherence tomography scan.

Afterwards, the “En Face” technique was applied (Heidelberg 
Spectralis). We performed macular mapping, with 145 cross 
sections of 30 μm in width, in a central area of the retina of 15° x 
30° mm2. With the superposition of these cross sections, a three-
dimensional macular brick was obtained. The total length of the 

ORT was measured manually with the kaleidoscope of Heidelberg 
Spectralis, following the route of each ORT by planes. Due to 
the fact that most ORT had ramifications, all measurements 
obtained from each ORT were added, taking the total length as 
final value. In the cases where there was more than one ORT or 
there was a perilesional pattern, all ORT were measured and the 
total length value was considered as the sum of the lengths of 
all ORT present in the cross section. The process was repeated 
twice and the mean of the two values obtained was recorded. The 
measurement of the distance between the ORT and the fovea 
was also performed manually obtaining in this case a single value.

A database was obtained, collecting the following variables: age, 
sex, number of anti-VEGF intravitreal injections received, visual 
acuity, macular thickness, ORT subtype, total length of the ORT 
and their distance from the fovea. Other data collected was: 
ophthalmological history, type of AMD, duration and type of 
treatment received.

The calculation of the correlation between ORT total length and 
visual acuity as well as the distance to the fovea and visual acuity 
were calculated based on Pearson’s r for two numeric variables. 
The correlation between the subtype of ORT and visual acuity 
was calculated using Student ś t test.

VISUAL ACUITY IN DEGENERATIVE DISORDERS PRESENTING OUTER RETINAL TUBULATIONS

MATERIALS AND METHODS

A sample of 18 eyes of 16 patients diagnosed with AMD who 
presented ORT when a checkup OCT was performed, underwent 
a new OCT applying in this case the “En Face” technique.

The mean age of patients was 81 years old (range 69-92 years old). 
50% were male (9) and 50% women (9). The mean visual acuity 
was 3/20 (range 10/20 to hand motions).

The average length of the ORT of the eyes studied was 2569 μm, 
and the average distance to the fovea of the ORT was 935.61 μm. 
Out of the 18 eyes examined, 7 eyes had pseudodendritic subtype 
ORT and 11 had a perilesional subtype. Two of the patients 
in our study had ORT in both eyes, and both presented with 
pseudodendritic pattern in one eye and perilesional in the other.

When calculating the correlation between the total length of 
the ORT and the visual acuity, no linear correlation was found 
(r2=0.138). Regarding the correlation between the distance from 
the ORT to the fovea and the visual acuity, no linear correlation 
was found either (r2=0.071).

When calculating the correlation between the subtype of ORT 
and the visual acuity, using Student’s t test, we found a value for 
t=0.2869 (p=0.7779), therefore not considering it a statistically 
significant difference and not being able to ensure that the visual 
acuity has any relation with the subtype of ORT.

RESULTS
Total length of ORT and visual acuity
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Table 1. Correlation between the total length of ORT and visual 
acuity in the patients studied.
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Table 2. Correlation between the distance of the ORT to the fovea 
and visual acuity in the patients studied.
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DISCUSSION
In this study we describe the correlation between visual acuity 
and a number of variables: the average total length of the ORT, 
their distance to the fovea and their subtype, being the first 
part of the process measuring these parameters. The goal was 
to see if any of these variables could affect the visual acuity of 
our patients, but no statistically significant differences were 
obtained.

To accomplish this, we used the “En Face” technique, which 
permits to better follow up degenerative disorders2 and to 
evaluate more thoroughly lesions such as ORT. It also allows a 
better differential diagnosis between ORT and cystoid retinal 
cavities or cystoid macular edema, thus avoiding unnecessary 
treatment4. In this way we ensure to correctly classify structures 
which are really ORT, and exclude other disorders with similar 
morphological features in the OCT.

Outer retinal tubulations were first described in AMD, but they 
have been found afterwards in several other retinal degenerative 
disorders that affect the photoreceptors and/or the retinal 
pigment epithelium (RPE)1, 3, 4, 12. They originate in advanced stages 
of the disease, when it is stable and less aggressive, so they could 
be used as an indicator of the development and severity of the 
underlying disease1, 3, 12. For example, it has been observed that 
patients with geographic atrophy and presence of ORT, present a 
much slower progression, acting the ORT as a possible protective 
factor. On the other hand, patients lacking ORT have shown to 
develop a greater increase of the atrophy12. Most of our patients 
had an advanced stage of the disease and a mean visual acuity of 
less than 15%. A follow up of our patients could allow verifying 
whether they have a slower development of their disease than 
patients lacking ORT.

Previous studies have described two different patterns of ORT 
(pseudodendritic and perilesional), both having also been 
observed and reflected in our study, although it has not been 
found that those morphological differences might have a relevant 
clinical translation.

For ORT to appear it is necessary that sublethal injury occurs in 
the photoreceptors and/or the RPE. New studies have found that 
the invaginated photoreceptors are still somewhat functional 
and patients maintain a residual vision in these zones3, 4. The 
patients in our study had a mean visual acuity of 3/20 (range 
10/20 to hand motions) although it would be interesting to 
conduct a visual field exam to see if this hypothesis is true in our 
case.

In patients treated with anti-VEGF injections, the ORT are located 
in the areas where there has previously been exudation and 
therefore the outer layers of the retina have been damaged11. 
Some studies argue that they do not disappear after treatment 
with anti-VEGF, but response has been described in some cases, 
so it is thought that these lesions are not static. It is believed 
that the change in size is due to the fluctuation of the fluid inside 
the ORT in response to the intravitreal injections; however they 
remain constant in number and distribution4, 5, 8, 11. Some of our 
patients are currently treated with anti-VEGF; a follow up could 
be performed, with “En Face” technique, to calculate the area of 
the ORT before and after having received the treatment, and if 
their size increases again, observe whether this correlates with an 
increase of the subretinal fluid. 

This study has some limitations such as a small sample size, the 
measurement of the ORT lengths which was done manually and 
can present a random error, and the fact that the anti-VEGF 
treatment received was not taken into account. It would be 
recommendable to perform further studies with a larger number 
of patients to corroborate the results and increase accuracy. It 
would also be interesting to study whether the occurrence of 
ORT could be considered as a prognostic factor of stability.

In conclusion, ORT are structures of recent discovery that can 
be found in some degenerative disorders of the outer retina. No 
correlation has been found between visual acuity and length, 
distance to the fovea, or subtype of ORT.

VISUAL ACUITY IN DEGENERATIVE DISORDERS PRESENTING OUTER RETINAL TUBULATIONS

Figure 1. ORT as seen in a basic check-up OCT scan, showing the 
characteristic round hyporreflective shape with hyperreflective 
borders.

Figure 2. Image of a pseudodendritic ORT in a transverse cross-
section of the central retinal area, obtained with the “En Face” 
technique.

Figure 3. Image of a perilesional ORT in a transverse cross-section of 
the central retinal area, obtained with the “En Face” technique.
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