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Optical coherence tomography (OCT) is an essential non-invasive and non-contact diagnostic
modality in ophthalmology which allows detailed visualization of posterior segment
structures. There have been numerous publications on OCT imaging terminology and OCT-
based identification and discrimination of retinal and choroidal structures. Variability in
the views of authors and researchers on retinal layer structure as seen on OCT resulted in
changes in the nomenclature over the years. The purpose of this review was to generalize
and systematize the existing terms constituting an OCT lexicon and relevant to identification
of the posterior segment structure and description of structural changes. Knowledge of the
nomenclature for OCT and relevant terminology will be essential for experience sharing
among ophthalmologists and enable better understanding of pathological retinal and

retina, nomenclature, terminology

Fundus examination is an essential tool for diagnosing
ocular as well as systemic diseases. For decades routine
ophthalmoscopy had been the only modality available
for detecting retinal pathologies, and the ideas about
morphological changes in the retina were based only
on histological evidence and clinical experience. These
diagnostic limitations resulted in the development of
technologies allowing detailed imaging of retinal structures
and recording and analysis of these images [1]. In 1991,
Fujimoto and colleagues from Massachusetts Institute of
Technology reported on the development of the first optical
coherence tomography (OCT) instrument. OCT is based
on the analyses of light interference properties generated
by near-infrared light which is split into and recombined
from a reference and sample arm [2]. The use of these
physical phenomena enabled the researchers to obtain in
vivo images of the tissue under study and to determine
its morphological structure. Specifically, more detailed
imaging of the vitreous, retinal layers, retinal pigment
epithelium (RPE), choroid, and optic nerve structures
(the optic disc and lamina cribrosa) has become available.
Therefore, posterior segment OCT has become an essential

choroidal changes, resulting in improved quality of OCT diagnostic studies.

non-invasive and non-contact diagnostic modality enabling
high-resolution imaging of biological tissues in vivo and
providing valuable aid in clinical practice and research [3,
4,5,6,7,8,9].

In addition, advanced OCT modalities, such as spectral
domain OCT (SD-OCT), high-definition SD-OCT and
swept-source OCT were developed in the early twenty-first
century. This substantially improved the quality of OCT
images (OCT can image with axial resolutions of 1 to 10
pm), which brought the method closer to histopathology,
and enabled examining architectural morphology and some
cell functions [9, 10, 11]. Therefore, OCT has become
an important diagnostic tool that can perform a type of
“optic biopsy” [12, 13, 14]. It is noteworthy, however, that
microscopy and OCT differ in image contrast mechanisms
used when performing biopsy. Thus, OCT employs light
waves and identifies differences in refractive index and
scattering coefficient for various tissues, which depends
on tissue density differences. In microscopy, an image is
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formed due to differences in the amount of light absorbed
or optical refraction from microscopic sections. Elements
of microscopic slide structure partially absorb and reflect
light falling on them, which results in image formation
[15]. Therefore, there is a difference in imaging result
between OCT imaging and histopathology imaging, and
much confusion has arisen about interpretation of the
data obtained with regard to clinically significant ocular
pathologies [16, 17, 18, 19].

At the same time, advances in technology have
enabled a more detailed assessment of retinal structure
and allocation of additional retinal imaging zones (the
outer limiting membrane, RPE, and the interdigitation
zone [20]). First, the views on imaging of certain posterior
segment structures on OCT have changed as the technology
updated. Second, the OCT images obtained did not always
correspond to histological evidence [17, 21, 22]. Thus, the
retina can be divided histologically into 10 layers [23].
However, OCT shows significantly more retinal structures
than histology due to morphological features of retinal
tissue structures that differ in reflectivity and become
visible on OCT images [24]. That is why definitions for
various retinal layers changed frequently in the literature
and were often inconsistent with retinal anatomy and
histology.

Newly obtained knowledge had to be clarified and
arranged systematically, and the terms and nomenclature
had to be revised.

In 2014, an international panel with expertise in
retinal imaging (International Nomenclature for Optical
Coherence Tomography [IN « OCT] Panel) was assembled
to develop a consensus for the classification of retinal and
choroidal layers and bands visible on SD-OCT images
of a normal eye. A nomenclature system for normal
anatomic landmarks (Fig. 1) seen on SD-OCT outputs
has been proposed and adopted by the IN « OCT Panel.
The panel recommended this standardized nomenclature
for use in future publications [20]. Specifically, the
panel introduced the term "zone" for OCT features that
seem to localize to a particular anatomic region that
lacks definitely proven evidence for a specific reflective
structure. In addition, the panel avoided the use of the
term “line,” which is not relevant to anatomic correlates
because a “line” is a 1-dimensional structure. The experts
showed agreement with regard to identification of some
hyper- and hyporeflective layers of the posterior eye, and
substantial disagreement with regard to identification of
other hyper- and hyporeflective layers of the posterior
eye. Thus, the experts were unanimous on what the OCT
layer represented in anatomic terms, as well as consistency
of nomenclature, with regard to the ganglion cell layer,
inner and outer plexiform layers, inner nuclear layer, and
choroidal-scleral juncture. The list of the layers where
there were both disagreements on what the OCT layer
represented along with inconsistencies of nomenclature
is as follows: the nerve fiber layer; outer nuclear layer;
myoid zone and ellipsoid zones of the photoreceptors;

cone interdigitation with RPE; and choriocapillaris. In
particular, disagreements related to descriptions of the
boundaries between retinal subcompartments or where
the separation between the tomographic layers was poor
owing to poor resolution and merging of bands. As a
result, the IN « OCT Panel identified 18 anatomic zones,
each representing a different reflective region on OCT.
Table 1 lists the 18 zones of the posterior segment in
numerical order, along with acronyms of their names and
OCT descriptions.

Therefore, with regard to the 18 zones, a process of
open discussion and negotiation was undertaken until a
unanimous consensus name was adopted for each feature.
The goal of the panel was to codify current understanding
and provide a framework to integrate future developments.
A limitation of the review [20] is that the panel assigned
names based on contemporaneous concepts; if history is
any guide, they are likely to need revision in the future.

The proposed harmonizing of terminology serves as
a basis for future OCT research studies. Several reviews
have been published on the consensus nomenclature for
posterior segment structures [22, 25, 26].

Thus, Shpak [27] reviewed differences between the
older conventional nomenclature and the recommended
nomenclature proposed by the [IN « OCT] consortium, and
generalized information in the latter nomenclature (Table
2).

Definitions for various layers changed frequently
in the literature and were often inconsistent with retinal
anatomy and histology, which caused reviewing of the
older conventional nomenclature and introducing of new
terms in OCT lexicon.

The consensus nomenclature for retinal structures
introduced almost no change relevant to the morphological
structure of the inner retina. The internal limiting membrane
(ILM) is a very thin structure formed by the footplates of
Miieller cells and which closely adheres to the nerve fiber
layer. Because it can practically not be differentiated on
OCT imaging, it has not been recognized as a distinct zone
in the recommended nomenclature proposed by the [IN ¢
OCT] consortium.

It is noteworthy that OCT studies of the outer retina
have significantly changed current thinking on the structure
of the retina, which resulted in the introduction of several
definite concepts, i.e., terms [18]. Prior to the review by
Staurenghi et al [20], the terms myoid and ellipsoid had
been used in the conventional biological literature, and it
was that review that for the first time used the terms myoid
zone and ellipsoid zone to describe photoreceptors on
OCT images. It seems reasonable, because these structures
differ in reflectivity on, and are well outlined and identified
by OCT. The myoid zone of the photoreceptors (myoid
portion of the inner segments) contains the cell structures
(the endoplasmic reticulum and Golgi apparatus) having
low optical density; therefore, the zone is hyporeflective,
similar to the nuclear layers. The ellipsoid zone is formed
basically by the ellipsoid portion of the photoreceptors
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which are packed with mitochondria and have the potential
for high reflectivity; the zone is hyperreflective, similar to
the RPE/Bruch’s membrane complex.

In our point of view, the consensus nomenclature
also introduced a substantial change relevant to the outer
portion of the outer segments of photoreceptors. This zone
has been attributed to cone outer segment tips (COST)
line or rod outer segment tips (ROST) line or Verhoeff’s
membrane [28, 29]. Verhoeff’s membrane, however, is
not a real membrane but has been described as the tight
junctional complexes between RPE cells that are visible
as a band on electron microscopy. Because the band is in
the region where the interdigitation should occur, the IN
* OCT panel, therefore, agreed that this band should be
termed the “interdigitation zone”. The zone may represent
the interdigitation of the apical processes of the RPE with
the cone outer segments. In addition, this zone may be
difficult to detect on OCT, because it appears as a bright
(hyperreflective) band anterior or superior to the RPE, and
this band is difficult to differentiate from the hyperrefiective
RPE layer even in healthy patients [30, 31].

Moreover, because the concept of interdigitation
(interdigitatsiia) is widely used in the Ukrainian- and
Russian-language cytology literature, and it is reasonable
to use a conventional medical term also in the Ukrainian-
and Russian-language OCT literature, we believe that the
term “interdigitation zone” (i.e., cone interdigitation with
retinal pigment epithelium) should be translated from
English to Ukrainian or Russian using a transliteration-
based approach. Interdigitation is defined as a type of
interlocking between cells with finger-like cell membrane
invagination. Interdigitation contributes to improved
strength of connections between cells and increased cell-
to-cell contact surface [32].

It is noteworthy that, previously, the RPE/Bruch’s
membrane complex had other names and was interpreted
in other way [25]. The single band previously attributed
to the RPE can now occasionally be seen as 2 distinctive
hyperreflective bands separated by a hyporeflective zone
on SD-OCT or swept-source OCT images. This single band
was previously called the RPE line or the RPE/Bruch's
membrane/choriocapillaris complex. The IN « OCT group
agreed that the two above-mentioned hyperreflective bands
correspond with the RPE and Bruch’s membrane and that
they are often not separable under normal conditions. The
RPE/Bruch's complex thickness is thicker at the foveola
than at other retinal locations. In RPE detachment, the
Bruch's membrane appears at detachment sites as a thin
band of moderate reflectivity.

Advanced OCT modalities allow not only good
visualization of low and high reflectivity structures
of the retina and choroid. Thus, the choroidal layers
(zones), the choriocapillaris, Sattler’s and Haller’s layers,
and choroidal-scleral juncture were included in the
consensus nomenclature with account of their different
optical densities and the absence of distinct margins. The
choriocapillaris is a thin layer of moderate reflectivity in

inner choroid which underlies the RPE/Bruch's membrane
complex. The Sattler’s layer is a thick layer of round or
oval-shaped hyperreflective profiles with hyporeflective
cores in mid-choroid; it is comprised of medium choroidal
vessels in mid-choroid. The Haller’s layer is a thick layer
of oval-shaped hyperreflective profiles with hyporeflective
cores in outer choroid; it is comprised of large choroidal
vessels that are located adjacent both to the lamina fusca
and suprachoroidal space. The choroidal-scleral juncture
appears on OCT as a homogenous region of variable
reflectivity. Clear detection and marking of this junction is
important for correct measurement of choroidal thickness;
normally, choroidal thickness at the macula is 300 to 320
pm. In recent years, there has been increased clinician
interest in choroidal thickness measurements [33, 34].
Because various chorioretinal disorders affect choroidal
thickness, measuring the choroidal thickness may help
differentiate between disorders and assess treatment
efficacy [35, 36, 37, 38].

Therefore, in sum, the inner retina can be divided
histologically into 6 layers, and divided on OCT into 5
layers, because the internal limiting membrane has the
same reflectivity as the nerve fiber layer and thus cannot
be differentiated from it. In addition, the outer retina can
be divided histologically into 4 layers and divided on
OCT into 7 layers. This is because photoreceptor portions
vary in reflectivity, and thus the photoreceptor layer is
the region of variable reflectivity. Moreover, although
previously, the choroid has been considered as a single
unit, now advanced OCT images allow conducting more
detailed studies, dividing it into 4 layers and identifying
vessels of various sizes within it.

In general, the consensus nomenclature for OCT
findings in normal eyes is harmonized with the histological
structure of the eye, allows adequate understanding of
posterior segment structure in normal eyes, and serves as a
basis for further advanced OCT diagnostic studies.

We, however, believe that it is also important to
understand ocular pathological changes shown by SD-
OCT which may not differ in characteristics among ocular
structures or vice versa. Adequate interpretation and
simultaneous and consistent step-by-step description of
morphological changes are essential for further advances in
OCT-based diagnostics in posterior segment pathology. It
is this that can facilitate communication among researchers
and help develop a single scientific point of view on the
basis of novel knowledge. Implementing this idea required
also either codifying the already existing terminology
relevant to description of morphological changes on OCT
scans or assigning particular definitions to images. In the
national literature, there has been published a book on this
topic. Included in this book is a glossary, a detailed list
of specific terms with their interpretations, comments and
schematics (Fig. 2) [8].

In conclusion, we hope that the information we provided
helps our colleagues reshape their views on the changes
in the nomenclature and terminology, and properly use
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the consensus nomenclature for OCT findings in normal
eyes in their professional activities. It stands to reason that
common understanding and consistent communication
using understandable professional language will enable
further professional development and experience.
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1.Posterior cortical vitreous
2.Preretinal space
3.Nerve fiber layer
4.Ganglion cell layer

5.Inner plexiform layer
6.Inner nuclear layer
7.Outer plexiform layer
8.2.Henle's nerve fiber layer
8.1.Outer nuclear layer

9. External limiting membrané
10.Myoid zone of photoreceptors
11.Ellipsoid zone of photoreceptors ////
12.0uter segments of photoreceptors 7 15.Choriocapillaris
13.Interdigitation zone A
14.RPE/Bruch’s membrane complex 5

-

- e |
16.Sattler’s layer

47 Haller's 12Y€!
18.Choroid sclera junction

Figure 1. Nomenclature for normal anatomic landmarks seen on SD-OCT images proposed and adopted by the
International Nomenclature for Optical Coherence Tomography Panel
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Description

irregularity (undulation)

fragmentation

alteration (disrupted structure, blur)

rupture (loss of integrity)

elevation

depression

thinning

thickening

hyperreflectivity (high reflectivity of the structure)

hyporeflectivity (low reflectivity of the structure)

Fig. 2. Descriptive terminology for OCT with diagrams
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Table 1. List of Optical Coherence Tomography Layers as Agreed on by the International Nomenclature for Optical Coherence
Tomography Panel

Ne | Zone name Acronym | OCT description

1 | Posterior cortical vitreous Hyperreflective

2 | Pre-retinal space Hyporeflective

3 | Retinal nerve fiber layer RNFL Hyperreflective

4 | Ganglion Cell Layer GCL Hyporeflective

5 | Inner plexiform layer IPL Hyperreflective

6 | Inner nuclear layer INL Hyporeflective

7 | Outer plexiform layer OPL Hyperreflective

’ i HFL
8 Henle’s nerve fiber layer and Hyporeflective band
outer nuclear layer ONL

9 | External limiting membrane ELM Hyperreflective

10 | Myoid zone of the photoreceptors MZ Hyporeflective

11 | Ellipsoid zone of the photoreceptors EZ Hyperreflective

12 | Outer segments of the photoreceptors | OSs Hyporeflective

13 | Cone interdigitation with RPE 1Z Hyperreflective

14 Retina pigment epithelium - Bruch’s RPE/BM Hyperreflective band

membrane complex

15 | Choriocapillaris CC Thin layer of moderate reflectivity in inner choroid

16 | Sattler’s layer Thick Iayer.of round or oyal-shapgd hyperreflective profiles with
hyporeflective cores in mid-choroid

17 | Haller's layer Thick Iayer.of oval-shaped hyperreflectlve profiles with
hyporeflective cores in outer choroid
Zone at the outer choroid with a marked change in texture in

18 | Choroidal—scleral junction which large circular or ovoid profiles abut a homogenous region
of variable reflectivity

Table 2. Classic versus consensus nomenclature for the classification of retinal and choroidal layers

Classic name Consensus name

Inner segments of the photoreceptors Myoid zone of the photoreceptors
Photoreceptor inner-segment/outer-segment (1S/OS) junction line Ellipsoid zone of the photoreceptors
Verhoeff's membrane or cone outer segment tips (COST) line Interdigitation zone

Retinal pigment epithelium (RPE) RPE/Bruch’s membrane complex
The layer was not identified previously Henle’s nerve fiber layer

Choroid Choriocapillaris zone
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