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IntroductIon
Glaucoma is considered an optic neuropathy 

with a thinning of the peripapillary retinal nerve fib-
er layer and optic disc cupping secondary to retinal 
ganglion cell loss. One of the earliest signs of glau-
coma are retinal nerve fiber layer (RNFL) defects [1]. 
A physiological or normal cup to disc ratio (C/D) 
is considered any C/D lower than 0.7, and it has 
a significant variability among the population [1, 3].

Generally, structural changes in the neuroretinal 
rim and RNFL precede visual field (VF) defects 
in the early stages of glaucoma. Therefore, detect-
ing structural changes in the neuroretinal rim and 
RNFL is important for early glaucoma detection 

[2]. RNFL thinning is highly specific to glaucoma-
tous optic neuropathy [3, 4].

We present a case series report addressing RNFL 
defects with a physiological cup/disc ratio.

clInIcal cases
This case series report was selected from an on-

going glaucoma prevalence study of 4,838 patients 
in Cali, Colombia. We selected patients with RNFL 
defects by red-free photographs in the presence of 
a regular cup/disc ratio. It is noteworthy that only 
7 of 4838 patients met this criterion, emphasizing 
that this type of presentation is unusual. The mor-

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download articles  
and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially

Retinal nerve fiber layer defects in the presence 
of a physiological cup to disc ratio  

— a case series
carlos eduardo rivera 1–4, Juan carlos aristizabal 1, 2, edgar Muñoz 1, 5, ankur seth 1, 3, 6

1Collective Innovations Colombia, Cali, Colombia
2Pontificia Universidad Javeriana, Cali, Colombia

3GSR Medical Center, Cali, Colombia
4GSR International, United States 

5UT Health San Antonio, San Antonio, United States
6University of Tennessee Health Science Center, United States

aBstract

Retinal nerve fiber layer (RNFL) defects are one of the earliest signs of glaucoma. Typically, these RNFL defects are 
associated with an increased cup/disc ratio and a thinning of the neuroretinal rim. When the cup/disc ratio is within 
normal limits, the observer can misdiagnose subtle RNFL defects and lead to an essential delay in diagnosis, which 
has negative visual consequences in these patients. We present a case series report addressing RNFL defects with  
a physiological cup/disc ratio.
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phometric parameters of the optic disc and RNFL 
thickness were measured using ZEISS CIRRUS ™ 
HD-OCT Model 4000 optical coherence tomogra-
phy (Carl Zeiss Inc., Dublin, CA, USA).

case 1
56-year-old female patient with an 8-year di-

agnosis of open-angle glaucoma in treatment with 
latanoprost: VA was 20/25 in both eyes; both eyes 
presented a normal anterior segment evaluation, 
IOP was 16 mm Hg  and 15 mm Hg, respectively. 
Fundus examination showed a cup/disc (C/D) ratio 
of 0.5 in the right eye (RE) and C/D ratio of 0.5 in 
the left eye (LE) (Fig. 1).

case 2
58-year-old male patient with a 7-year diag-

nosis of open-angle glaucoma in treatment with 
timolol/dorzolamide combination: VA was 20/25 in 
both eyes; anterior segment examination was normal 
in both eyes, IOP was 12 mm Hg and 13 mm Hg, re-
spectively; fundus examination showed a C/D ratio 
of 0.4 in both eyes (Fig. 2).

case 3
63-year-old female patient with a 9-year diag-

nosis of open-angle glaucoma in treatment with 

latanoprost and timolol/dorzolamide combina-
tion: VA was 20/25 in both eyes; anterior segment 
evaluation revealed mild nuclear sclerosis; IOP was 
14 mm Hg in RE and 13 mm Hg in LE; fundus ex-
amination showed a C/D ratio of 0.3 in the RE and 
0.4 in the LE (Fig. 3).

case 4
59-year-old female patient with a 5-year diagnosis 

of open-angle glaucoma in treatment with latanoprost: 
VA was 20/25 in both eyes; the slit-lamp examination 
was normal in both eyes; IOP was 16 mm Hg in RE 
and 18 mm Hg  in LE; fundus examination showed 
a cup/disc ratio of 0.5 in both eyes (Fig. 4).

case 5
67-year-old female patient with a 12-year di-

agnosis of open-angle glaucoma in treatment with 
timolol/dorzolamide combination: VA was 20/25 in 
both eyes; both eyes presented intraocular lens; IOP 
was 17 mm Hg and 18 mm Hg, respectively; fundus 
examination showed a C/D ratio of 0.4 in RE and 
0.4 in LE (Fig. 5).

case 6
71-year-old male patient: VA was 20/25 in both 

eyes; anterior segment evaluation revealed intraocu-
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FIgure 1. a. Right eye (RE) color fundus optic nerve image showing superior retinal nerve fiber layer (RNFL) defect (blue arrow); 
B. First plane optic nerve showing physiologic cup/disc ratio; C. RE red-free optic nerve image showing superior RNFL defect (white arrow); 
d. RNFL thickness map showing superior RNFL defect (white arrow); e. RNFL clock hour meridians showing superior pole thinning. 
RNFL deviation map showing in red RNFL defect (white arrow)
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lar lens in both eyes; IOP was 14  mm Hg  in RE 
and 14 mm Hg in LE; fundus examination showed 
a C/D ratio of 0.5 in both eyes (Fig. 6). 

case 7
49-year-old African descendant male patient with 

a 2-year history of primary open-angle glaucoma 
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FIgure 2. a. Left eye (LE) color fundus optic nerve image showing inferior retinal nerve fiber layer (RNFL) defect (white arrow);
B. RNFL thickness map showing inferior RNFL defect (white arrow); C. LE red-free optic nerve image showing inferior RNFL defect 
(white arrow); d. RNFL deviation map showing mild inferior RNFL defect (white arrow); e. First plane physiological cup/disc ratio; 
F. Ganglion cell complex (GCC) thickness without raphe sign; g. GCC deviation map showing a mild compromise
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FIgure 3. a. Right eye (RE) optic nerve color image showing inferior retinal nerve fiber layer (RNFL) defect (white arrow);
B. RNFL thickness map showing inferior RNFL defect (white arrow); c. RNFL deviation map showing inferior RNFL defect (white arrow);
d. RE red-free image showing inferior RNFL defect (white arrow); e. First plane, RE physiologic cup/disc ratio; F. Ganglion cell complex 
(GCC) thickness map showing positive raphe sign (respects horizontal midline) (white arrow); G. GCC deviation map and sectors showing 
inferior sectors thinning (white arrow)
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in treatment with latanoprost and timolol/dorzola-
mide combination: VA was 20/20 in both eyes; the 
slit-lamp examination was unremarkable in both 

eyes; IOP was 12 mm Hg in RE and 14 mm Hg in 
LE; fundus examination showed a C/D ratio of 
0.2 in both eyes (Fig. 7–9).
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FIgure 4. A. Right eye (RE) red color image showing inferior retinal nerve fiber layer (RNFL) defect (white arrow); B. RNFL thickness 
map showing inferior RNFL defect (white line); c. RNFL deviation map showing inferior thinning (white arrow); D. Ganglion cell complex 
(GCC) thickness map showing positive temporal raphe sign (respects the midline) (white arrow); e. RE red-free optic nerve image showing 
inferior RNFL defect (white arrow); F. First plane, right optic nerve with a physiological cup/disc ratio; G. RNFL meridians showing inferior 
thinning (white arrow); h. GCC deviation map and meridians showing inferior thinning (white arrow)
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FIgure 5. a. Right eye (RE) color fundus image showing superior retinal nerve fiber layer (RNFL) defect (white arrow); B. First plane, 
right optic nerve showing a physiologic cup/disc ratio; c. Left eye (LE) normal color fundus image; d. RE red-free image showing superior 
RNFL defect (white arrow); E. LE normal red-free image
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dIscussIon
Retinal nerve fiber layer defects were first de-

scribed in 1913 and later in 1917 by Vogt [5]. He 

described the enhanced visibility of striated retinal 
nerve-fiber reflexes with an ophthalmoscopic illumi-
nating system from which red (long) wavelengths of 
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FIgure 6. a. Left eye (LE) red color image showing superior retinal nerve fiber layer (RNFL) defect (white arrows); B. First plane, left 
optic nerve with a physiological cup/disc ratio; C. RNFL thickness map showing superior RNFL defect (white arrows); d. RNFL deviation 
map showing superior thinning (white arrow); e. Normal RNFL meridians; F. Ganglion cell complex (GCC) normal thickness map;
g. GCC normal deviation map and meridians map; h. LE red-free optic nerve image showing superior RNFL defect (white arrow)
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FIgure 7. a. Right eye (RE) color image showing superior and inferior retinal nerve fiber layer (RNFL) defect (white arrows); B. RE color 
fundus image showing physiologic cup/disc ratio; C. Left eye (LE) color image showing superior and inferior RNFL (white arrows);
D. RE red-free image showing superior RNFL defect (white arrows); e. LE normal color fundus image showing a physiologic cup/disc ratio; 
F. LE red-free image showing superior and inferior RNFL defect (white arrows)
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FIgure 8. a. Right eye (RE) red color image showing superior and inferior retinal nerve fiber layer (RNFL) defect (white arrow);
B. RNFL thickness map showing superior diffuse RNFL defect (white arrow); C. RNFL deviation map showing superior thinning (white arrow); 
d. RE red-free optic nerve image showing superior and inferior RNFL defect (white arrow); e. RNFL meridians showing superior thinning; 
F. Ganglion cell complex (GCC) deviation map and meridians showing inferior thinning; G. GCC thickness map showing temporal raphe 
positive sign (white arrow)
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FIgure 9. A. Left eye (LE) red color image showing superior and inferior retinal nerve fiber layer (RNFL) defect (white arrow);
B. RNFL deviation map showing superior and inferior thinning (white arrow); c. RNFL thickness map showing inferior thinning (white arrow);
D. Left eye (LE) red-free optic nerve image showing superior and inferior RNFL defect (white arrow); e.  Ganglion cell complex (GCC)
thickness map showing temporal raphe positive sign (white arrow); F. GCC deviation map and meridians showing inferior thinning; 
g. RNFL meridians showing superior thinning
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light were excluded [6]. In healthy eyes, the RNFL 
has a sparkly, homogeneous, striated appearance 
and is generally identifiable close to the superior and 
inferior poles of the optic disc where the RNFL is 
thickest [7]. The Retinal nerve fiber layer striations 
represent bands of retinal ganglion cells (RGC) ax-
ons separated by Muller cell processes. The highly 
reflective RGC axon bundles generate a bright com-
ponent of the striation, and the thick non-reflective 
septa dividing Muller cell glial produces the dark 
bands between [8].

The reflectivity of RGC axon bundles is diffuse 
or localized. The reduction in reflectivity is pro-
portional to a loss of RGC axons [5, 9]. Diffuse 
axonal loss reduces RNFL striations and increases 
visibility of the retinal blood vessels, which are 
generally embedded in the RNFL [8, 9]. Localized 
loss is more easily visible because it has sharply 
demarcated borders [7, 10]. Localized RNFL de-
fects typically have a wedge-shaped pattern and 
become narrower as the RNFL bundles converge 
toward the disc margin [11]. Despite nonglauco-
matous optic neuropathies, papilledema optic disc 
drusen, or ischemic retinopathies occasionally can 
present with localized RNFL defects, they have 
high specificity for glaucoma and are not found in 
healthy eyes.

Retinal nerve fiber layer defects are generally 
present with glaucoma’s other optic nerve charac-
teristics, such as superior or inferior rim thinning, 
enlarged C/D ratio, and B-zone of parapapillary 
atrophy. However, RNFL defects can also be present 
in a normal C/D ratio setting. When the optic nerve 
cup/disc ratio is typical, it is easy to miss an RNFL 
defect because the observer may assume that the 
extra disc features are also regular.

It is essential to always evaluate in the slit-lamp, 
with good mydriasis, the optic nerve, and retina 
with a green light to detect subtle RNFL de-
fects. High-quality optic nerve color and red-free 
photographs can help us detect early RNFL defects 
and avoid misdiagnosis of glaucoma or other optic 
nerve abnormalities. Optical coherence tomography 
(OCT) has an excellent diagnostic capability in de-
tecting early phases of glaucoma. Hwang et al. com-
pared the ability of thickness, clock-hour, deviation 
maps obtained with OCT (Cirrus HD-OCT), and 
concluded that the RNFL thickness map showed 
the best performance in detecting photographic 
RNFL defects. Retinal nerve fiber layer defects can 

be detected efficiently using the RNFL thickness 
map [12].

conclusIons
Retinal nerve fiber layer defects are one of the 

earliest signs of glaucoma. These defects are gener-
ally present with superior or inferior rim thinning, 
but they can also be present in eyes with a normal 
C/D ratio. Optical coherence tomography plays an 
essential role in the early detection of glaucoma in 
these patients, especially the RNFL, GCC thick-
ness, and deviation map. Early detection of RNFL 
defects can dramatically change the natural history 
of a patient with glaucoma.
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