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database majority. This discrepancy may yield false-positive thinning
on RNFL deviation maps, thereby appearing glaucomatous. Three
nonconsecutive African American patients with mild myopia (<2.12
dioptre spherical equivalent) were selected to illustrate this bundle
shift. Despite the very limited sample size, our case study may spur
more rigorous study with larger cohorts of diverse patients.

Observations

Three patients of African descent presented with cup-to-disc ratios
of 0.6 or higher and were flagged with symmetrical bilateral RNFL
thinning in superior-temporal and/or inferior-temporal RNFL sectors
compared with the Cirrus OCT normative database. All six eyes had
discs without significant peripapillary atrophy nor tilt, either of which
could be associated with non-glaucomatous OCT defects. Thinning
on RNFL deviation maps in each patient showed symmetrical
wedge defects toward the superior-temporal and inferior-temporal
vulnerability zones of the disc. However, each patient demonstrated
robust macular ganglion cell thicknesses and had automated fields
inconsistent with glaucoma. On closer inspection, the principal
superior-temporal and inferior-temporal RNFL bundle peaks in these
patients appeared shifted more vertically (or nasally).

Conclusions

The RNFL anatomy of African American patients may differ from

the OCT normative database maijority. Each patient in our series
had high-risk, yet symmetrically appearing superior-temporal and/
or inferior-temporal RNFL thinning, largely attributable to anatomical
shifting of these bundle peaks. Ignoring bundle shift has the potential
to result in improper glaucoma diagnoses. This is particularly
relevant as clinicians are trained to pay particular attention to the
superior-temporal and inferior-temporal RNFL sectors as known
vulnerabilities to early glaucoma. Correlation of RNFL findings with
macular ganglion cell analysis and fields with careful optic nerve
assessment is therefore important.
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While identification of glaucomatous optic neurop-
athy in advanced cases is often clinically apparent
on fundoscopy, distinguishing between preperimet-
ric or mild (single hemifield of loss without central
defects and mean deviation better than 6 dB) stage
glaucoma and glaucoma suspects can be more dif-
ficult." To aid in diagnosis, optical coherence tom-
ography (OCT) imaging use has increased signifi-
cantly in recent years.? OCT compares a patient’s
retinal nerve fibre layer (RNFL) and ganglion cell
thickness against an age-matched normative data-
base. People with glaucoma should theoretically
have RNFL sector(s) flagged as thin relative to the
healthy normative database population. Sectors
between the first and fifth percentiles are coded as
yellow and those below the first percentile are coded
as red.® Sectors in preperimetric glaucoma or mild
glaucoma that are flagged relative to the normative
population with the highest frequency are where the
principal superior-temporal and inferior-temporal
RNFL bundles enter the disc after arcing around the
macula.*® These typically equate to the 6 and 7, and
11 and 12 clock hour locations in the right eye and
the 1 and 12, and 5 and 6 in the left eye.>® Looking
for thinning in these sectors relative to the normative
database can be useful when progression analysis
is not yet available for a patient.

Unfortunately, the OCT imaging of individuals pos-
sessing normal anatomical variation not well repre-
sented in the normative data can be flagged despite
the absence of true disease.* Hood et al. point out
these anatomical variations in healthy eyes can
produce apparent abnormalities in the location of
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the arcuate nerve fibre bundles, which can lead
to false-positives.* To lower the risk of these false-
positives leading to misdiagnoses, research by
Mwanza et al." and Hood et al.* both advocate for
combining multiple individual parameters and test
results to improve diagnostic sensitivity and specifi-
city. Hood et al. advocate for using two primary rules
or features for diagnosing glaucoma based off OCT
deviation maps. The first glaucomatous feature
is an arcuate or wedge-like defect (shown as red
or yellow on the deviation map) extending toward
the superior, inferior, or both disc region(s).* These
defects are most likely to be on the temporal half
of these disc regions, paralleling the high-risk clock
hour sectors of the inferior and superior vulnerability
zones.® The second glaucomatous feature is when
the ganglion cell and RNFL deviation maps are
simultaneously inspected and the abnormal flagged
region crosses the vertical midline, preferably in an
arcuate pattern.* Ganglion cell defects associated
with glaucoma often appear in an arcuate to cres-
cent shape and correlate topographically with peri-
papillary RNFL defects in the same hemisphere.*®

The three patients presented in this case series
were assessed at an urban teaching clinic. No iden-
tifiable health information is included in this case
report. All patients were African American and had
mild myopia (<2.12 D spherical equivalent). All six
eyes had intraocular pressures (IOP) less than
22 mmHg without any |IOP-lowering therapies or
procedures. No anterior segment nor gonioscopy
findings were indicative of secondary glaucoma. All
six eyes had discs without significant peripapillary
atrophy nor disc tilt that could be associated with
nonglaucomatous OCT defects.®

OCT images were acquired with a Zeiss Cirrus,
while automated 24-2 threshold visual fields were
conducted on a Zeiss Humphrey Field Analyzer. To
illustrate the importance of recognizing the limita-
tions of current normative database comparisons in
glaucoma diagnosis, the RNFLs of these patients

Canadian Journal of Optometry Vol. 88 No. 1


https://doi.org/10.15353/cjo.v88i1.6569

Table 1. Ocular findings in Patients 1 through 3

Case Series

Patient 1

Patient

Refraction/BCVA -1.25-0.75 x 70 20/20 OD
-1.25-1.25 x 70 20/20 OS

Lens status 1+ NS OU

Maximum untreated 21 mmHg OD

Goldmann IOP 21 mmHg OS

Central corneal 536 um OD

thickness 532 um OS

Clinical cup-to-disc ratio 0.6 round OU

RNFL thinningon OCT ST & IT OU

deviation maps

High-risk RNFL clock
hour sectors flagged

11 &70D;1&50S

Patient 2

-1.50 SPH 20/20 OD
-1.75 SPH 20/20 OS

Patient 3

-1.25 SPH 20/20 OD
-1.50 SPH 20/20 OS

1+ NS OU 1+ NS OD; PCIOL OS
19 mmHg OD 21 mmHg OD

18 mmHg OS 21 mmHg OS

527 um OD 541 um OD

522 um OS 543 um OS

0.65 round OD 0.65 round OD
0.7V/0.6H OS 0.50 round OS

ST OU IT greater than ST OU
10D; 11 OS 70Dand1&50S

The following applies to all three cases.

Anterior segment findings: No corneal endothelial pigmentation nor iris transillumination defects OU.
Gonioscopy: Open to CBB 360 with 2+ pigmentation of PTM OU.
GCA (Cirrus): Healthy and robust; no thinning relative to normative database OU.

24-2 visual field: No glaucomatous defects OU.

Abbreviations: BCVA, best corrected visual acuity; CBB, ciliary body band; GCA, ganglion cell complex; H,
horizontal; IOP, Intraocular pressure; IT, inferior-temporal; NS, nuclear sclerosis; OCT, optical coherence
tomography; OD, right eye; OS, left eye; OU, both eyes; PCIOL, posterior chamber intraocular lens; PTM, posterior
trabecular meshwork; RNFL, retinal nerve fibre layer; SPH, spherical; ST, superior-temporal; V, vertical.

were flagged in high-risk areas, satisfying Hood
et al.’s first rule. As multiple studies have demon-
strated that RNFL scans with greater signal strength
measure higher RNFL thickness, we did our best
to only include RNFL scans with very high strength
(at least 9/10 strength). This was important for
our purposes because signal strength reduction is
related to reduced RNFL thickness, which may be
incorrectly diagnosed as glaucomatous defects.

Case Series
The findings in all three patients are summarized in
Table 1.

Patient 1
A 59-year-old African American male with no family
history of glaucoma presented for a comprehensive

Canadian Journal of Optometry Vol. 88 No. 1

eye exam. Best corrected visual acuities measured
20/20 in each eye with the following refractions:
-1.25-0.75 x 070 OD and -1.25-1.25 x 070 OS.
Goldmann tonometry measured 21 mmHg in each
eye at 9 a.m. Central corneal thickness measured
536 um OD and 532 um OS. Gonioscopy revealed
a flat iris approach with angles open 360° to ciliary
body with 2+ pigmentation of the posterior trabe-
cular meshwork of both eyes. There was no per-
ipheral anterior synechiae, neovascularization, nor
angle recession noted in either eye. Pupils were
equal, round, and reactive without a relative affer-
ent pupillary defect. Slit lamp exam showed no
endothelial pigmentation nor iris transillumination
defects; 1+ nuclear sclerosis was observed bilat-
erally. Dilated fundus exam showed stereoscopic
cup-to-disc ratios of 0.6 round in each eye with no
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Figure 1. Patient 1
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(A) Zeiss Cirrus optic nerve head and RNFL analysis of right and left eyes. Black arrows highlight
RNFL thinning on deviation maps and RNFL clock hour sectors relative to the normative database.

(B) Cirrus ganglion cell analysis of right and left eyes.

(C) Fundus photo of right eye.
(D) Fundus photo of left eye.

Note the superior-temporal and inferior-temporal major blood vessel branches in C and D exit the disc

more superiorly and inferiorly, respectively.
Abbreviation: RNFL, retinal nerve fibre layer.

focal rim notching. The posterior pole and periph-
eral retina were healthy and otherwise unremark-
able (Figures 1C and 1D).

Cirrus OCT showed bilateral superior-temporal and
inferior-temporal arcuate defects on the RNFL devi-
ation map (Figure 1A). The following high glaucoma
risk clock hours were flagged relative to the norma-
tive database: 7 and 11 OD and 1 and 5 OS. Cirrus
ganglion cell analysis did not show any ganglion
cell-inner plexiform layer (GCIPL) thinning rela-
tive to the normative database on deviation map
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(Figure 1B). Automated visual fields did not show
any glaucomatous defects in either eye.

A discussion of the importance of long-term glau-
coma risk monitoring with the patient occurred. He
agreed to return in a year for a comprehensive exam
with the possibility of repeat imaging within two
years.

Patient 2
A 63-year-old African American male with a non—
first-degree family history of glaucoma (maternal

Canadian Journal of Optometry Vol. 88 No. 1



Figure 2. Patient 2
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(A) Zeiss Cirrus optic nerve head and RNFL analysis of right and left eyes. Black arrows highlight RNFL
thinning on deviation maps and RNFL clock hour sectors relative to the normative database.

(B) Cirrus ganglion cell analysis of right and left eyes.

(C) Fundus photo of right eye.
(D) Fundus photo of left eye.
Abbreviation: RNFL, retinal nerve fibre layer.

grandmother) presented for a comprehensive eye
exam. Best corrected visual acuities measured
20/20 in each eye with the following refractions:
-1.50 D OD and -1.75 D OS. Goldmann measured
19 mmHg OD and 18 mmHg OS at 9 a.m. Central
corneal thickness measured 527 um OD and 522 um
OS. Gonioscopy revealed a flat iris approach with
angles open 360° to ciliary body with 2+ pigmen-
tation of the posterior trabecular meshwork of both
eyes. There was no peripheral anterior synechiae,
neovascularization, nor angle recession noted in
either eye. Pupils were equal, round, and reactive
without a relative afferent pupillary defect. Slit lamp
exam showed no endothelial pigmentation nor iris
transillumination defects; 1+ nuclear sclerosis was

Canadian Journal of Optometry Vol. 88 No. 1

observed bilaterally. Dilated fundus exam showed
stereoscopic cup-to-disc ratios of 0.65 round in the
right eye and 0.7 vertically/0.6 horizontally in the left
eye with no focal rim notching bilaterally. The pos-
terior pole and peripheral retina were unremarkable
in both eyes (Figures 2C and 2D).

Cirrus OCT showed bilateral superior-temporal arcu-
ate defects on the RNFL deviation map (Figure 2A).
The following high-risk clock hours were flagged
relative to the normative database: 1 OD and 11
OS. Ganglion cell analysis did not show any thinning
relative to the deviation map (Figure 2B). Automated
visual fields did not show any glaucomatous defects
in either eye (shown later in Figures 5D and 5E).
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A discussion of the importance of long-term glau-
coma risk monitoring with the patient occurred.
He agreed to return in a year for a comprehensive
exam with the possibility of repeat imaging within
two years.

Patient 3

A 55-year-old African American female with a
first-degree family history of glaucoma (mother)
presented for their annual comprehensive eye
exam. This patient was established and had been
monitored closely with visual fields for 10 years (by
a recently retired provider) because of cup-to-disc
asymmetry. Maximum untreated IOP was 21 mmHg
OD and 21 mmHg OS. Central corneal thickness
had previously measured 541 um OD and 543 um
OS. Gonioscopy had revealed a flat iris approach
with angles open 360° to ciliary body with 1-2+ pig-
mentation of the posterior trabecular meshwork of
both eyes. There was no peripheral anterior syn-
echiae, neovascularization, nor angle recession
noted in either eye. Automated visual fields had
been stable on guided progression analysis in each
eye (Figures 3C to 3E).

Best corrected visual acuity measured 20/20 with the
following refractions: -1.25 D OD and -1.50 D OS.
Pupils were equal, round, and reactive without a rela-
tive afferent pupillary defect. Slit lamp exam showed
no endothelial pigmentation nor iris transillumination
defects; 1+ nuclear sclerosis was observed in the
right eye, and a clear posterior chamber intraocu-
lar implant was observed in the left eye. Goldmann
measured 16 mmHg bilaterally at 10:30 a.m. Dilated
fundus exam showed stereoscopic cup-to-disc ratios
of 0.65 round OD and 0.5 round OS. Baseline OCT
showed bilateral thinning relative to the normative
database inferior-temporally more so than superior-
temporally (Figure 3A). Ganglion cell thickness was
not flagged and robust in each eye (Figure 3B).
Repeat automated visual fields were clean; no
evidence of progression was noted in either eye
(Figures 3D and 3F).

A discussion of the importance of long-term glau-
coma risk monitoring with the patient occurred. She
agreed to return in a year for a comprehensive exam
with the possibility of repeat imaging within two years
if exam findings suggested glaucomatous changes.
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Discussion

Evidence Against Glaucoma Diagnosis
in our Series

All three patients exhibited thinning on the RNFL
deviation map as well as clock hour sectors in
superior-temporal or inferior-temporal locations,
which are vulnerable in preperimetric glaucoma or
mild (single hemifield of loss without central defects)
stage glaucoma. All six eyes thereby meet the cri-
teria of Hood et al.’s first rule for glaucoma diagno-
sis via OCT (Figures 1A, 2B, and 3A).

However, we believe these patients do not show
sufficient evidence for preperimetric glaucoma or
mild stage glaucoma for three reasons.

First, there is no macular ganglion cell thinning
on Cirrus GCIPL maps. It follows that there is no
thinning on deviation maps that crosses the verti-
cal midline (Hood et al.’s second rule), nor is there
GCIPL thinning that correlates with the trajectory of
RNFL thinning (Figures 1B, 2B, and 3B).*

Second, glaucoma usually onsets (at least some-
what) asymmetrically between both eyes.'
Therefore, the symmetry of the RNFL thinning
between the right and left eyes in each patient also
suggests a more likely anatomical discrepancy
compared with the normative database.

Third, clinically healthy superior and inferior neuror-
etinal rims with focal notching, circumlinear bearing,
or bayonetting of vessels would be expected in glau-
coma. Robust neuroretinal rims were seen in all three
patients including as shown on the fundus photos of
Patients 1 and 2 (Figures 1C, D; 2C, and 2D)." While
we do not have fundus photos to attach for Patient
3, the Humphrey automated visual field guided pro-
gression analysis shows no evidence of progressive
field loss over many years (Figures 3C to 3F).

Race: Anatomical Considerations and
Database Limitations

Disc area tends to be larger in people of African des-
cent, compared with European descent. However,
even after adjusting for the effect of disc area,
Knight et al. noted statistically significant differ-
ences between races for all Cirrus-measured optic
nerve head and RNFL parameters (except for rim

Canadian Journal of Optometry Vol. 88 No. 1



Figure 3. Patient 3
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Case Series

(A) Zeiss Cirrus optic nerve head and RNFL analysis of right and left eyes. Black arrows highlight RNFL thinning on

deviation maps and RNFL clock hour sectors relative to the normative database.

(B) Cirrus ganglion cell analysis of right and left eyes.

(C) Zeiss Humphrey GPA summary of left eye showing stability on trend and event-based analysis.

(D) Zeiss Humphrey single field analysis of left eye showing GHT within normal limits and no glaucomatous defects

nor progression from baselines.

(E) Zeiss Humphrey GPA summary of right eye showing stability on trend and event-based analysis.

(F) Zeiss Humphrey single field analysis of right eye showing GHT within normal limits and no glaucomatous defects

nor progression from baselines.

Abbreviations: GPA, guided progression analysis; GHT, glaucoma hemifield test; RNFL, retinal nerve fibre layer.

Canadian Journal of Optometry Vol. 88 No. 1
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area).” The same was true for Girkin et al., who
found that residual optic disc structural differences
still persisted following adjustment of disc area size
via confocal scanning laser ophthalmoscopy.'

These anatomical differences point to the import-
ance of considering that utilizing normative data-
base colour codes in Black patients may result
in glaucoma over-diagnosis in some and under-
diagnosis in others.®* Commercially available OCT
devices include only a minority of patients of African
descent in their normative database.' For example,
the Zeiss Cirrus database of 282 healthy subjects is
made up of only 18% Black patients.® As a result of
these databases’ limitations, it is unsurprising that
both KhalafAllah et al.'® and Moghimi et al.”” separ-
ately reported that RNFL thickness in Black patients
has lower diagnostic performance in glaucoma com-
pared with patients of European descent. These find-
ings were found to be consistent on the Spectralis
(Heidelberg) and Cirrus (Zeiss) per KhalafAllah et
al.’® as well as the Avanti (Optovue) per Moghimi et
al.’ This is unfortunate as glaucoma disproportion-
ately impacts individuals of African ancestry; both
in incidence and risk of resulting blindness." Black
patients may also develop glaucoma earlier in life."”

Anatomic variation with race as it relates to the
Cirrus normative database is supported by studies
completed by Addis et al.> and Nousome et al."® For
example, we noted from Addis et al.’s data that 8.2%
of African American eyes had a temporal quadrant
flagged, while only 1.3% had a nasal quadrant flag-
ged by Cirrus OCT.? In a study of minority popu-
lations under-represented in the Cirrus normative
database, Nousome et al. reviewed high-quality
Cirrus data from healthy patients. This participant
group included 2,843 Chinese Americans, 1,979
Mexican Americans, and 1,311 African Americans.

Bundle Shift Illustration

The diversity among participants coupled with the
large sample size allowed us to draw the follow-
ing conclusions about RNFL bundle distributions
from their RNFL thickness plots. First, Chinese
Americans had statistically significant greater over-
all RNFL thicknesses than African Americans and
Mexican Americans. The next three points are very
important to our series’ preliminary observations.
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* African Americans had statistically signifi-
cant thinner temporal quadrants than Mexican
Americans (and even more so Chinese
Americans).

» African Americans had greater RNFL thickness
than Mexican Americans at superior-nasal and
inferior-nasal clock hour sectors.

* African Americans had nonstatistically signifi-
cantly greater RNFL thickness than Chinese
Americans at 12 o’clock."®

The separate studies by Addis et al.> and Nousome
et al.” are consistent with our preliminary observa-
tions that the principal superior-temporal and inferior-
temporal arcuate bundle peaks in Black patients
commonly enter the disc more vertically (or less
temporally), resulting in a greater interarterial angle
compared with other races (including Europeans
and East-Asians). If further validated, the possible
implication of our case series is that existing RNFL
thicknesses coded by Cirrus OCT are likely to
over-diagnose peripapillary thinning in sectors in or
adjacent to the temporal quadrant in Black patients.
These adjacent sectors include the superior-
temporal and inferior-temporal areas commonly
associated with preperimetric, mild stage glau-
comatous thinning, or both.5

To illustrate our bundle shift hypothesis, we out-
lined the peak RNFL thickness bundles of one of
the author’s RNFL thickness maps. This author is
of European descent, has healthy appearing discs,
roughly average axial lengths, and has an RNFL
and ganglion cell analysis that was not flagged
as thin anywhere relative to the Cirrus database
(Figures 4A and 4B). The thickest points (warmest
colours) of this author’s RNFL bundles (or wings) in
each eye were outlined to serve as a demonstration
of an expected RNFL thickness profile relative to
the normative database.

The outline was then copied and pasted onto
the corresponding eyes of Patients 1 through 3
(Figures 4C to 4E). In Figures 4C to 4E, areas in the
outline that do not contain the expected warm col-
ours of the principal superior-temporal and inferior-
temporal bundle peaks appear flagged on the
underlying deviation maps. This helps illustrate
that the eyes of the African American patients in

Canadian Journal of Optometry Vol. 88 No. 1
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Figure 4. Vertical bundle shift relative to the expected distribution
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(A) Cirrus RNFL analysis of one of the authors (European descent) representing an average RNFL bundle peak
distribution and location. The principle superior-temporal and inferior-temporal RNFL bundle peaks or wings were
outlined in navy-blue.

(B) Cirrus ganglion cell analysis of the author showing a robust ganglion cell complex within normal limits.

(C, D, and E) The navy-blue outline from (A) is pasted on to the corresponding eyes’ RNFL thickness maps in Patient
1 (C), Patient 2 (D) and Patient 3 (E). The outline illustrates how the African American patients’ superior-temporal or
inferior-temporal RNFL bundle peaks are shifted more vertically (nasally) relative to the author’s, resulting in flagging
on the underlying deviation maps and RNFL clock hours. On the temporal-superior-nasal-inferior-temporal RNFL
thickness plot, the principle RNFL peaks of the normative database (black arrows) are shown to be more temporal
relative to the superior peaks of the Black patients (C), (D), and (E) as well as the inferior peaks (D) and (E).

Note that all three patients’ eyes in (C), (D), and (E) have at least one superior-nasal or inferior-nasal RNFL sector
above the 95th percentile of thickness relative to the database.

Abbreviation: RNFL, retinal nerve fibre layer.
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this case series had principal bundle peaks that
extended more superior-nasally and inferior-nasally
compared with the author’s eyes and the normative
database by extension. In other words, the superior-
temporal and inferior-temporal peaks of these three
Black patients appeared more verticalized.

These principal RNFL peaks roughly coincide with
the locations of the major superior-temporal and
inferior-temporal vessel branches at the optic disc.
While these vessels do contribute some thickness
to the RNFL measurement, they are thought to form
along the points of highest axonal distribution dur-
ing development.? If blood vessel distribution, and
by extension RNFL bundles, are located at a dif-
ferent retinal position than expected by the OCT
machine, retinal locations in healthy eyes that are
thinner due to anatomy alone might be flagged as
abnormal.?' This has already been established in
axial myopes where disc vessels and RNFL bundle
peaks commonly emerge from the disc more tem-
porally. This thereby yields false-positive thinning in
nontemporal sectors in healthy eyes.?%-22

The African American patients in our series had
RNFL bundle shifted in the vertical (or nasal) dir-
ection as evidenced by their superior-temporal and
inferior-temporal major vessel branches arising
from the disc more superiorly and inferiorly. This
is seen most prominently in the fundus photos of
Patient 1 (Figures 1C and 1D) as well as all three
patients’ RNFL deviation maps, which helpfully fea-
ture blood vessel outlines (Figures 1A, 2A, and 3A).
The more verticalized principle bundle peaks may
be expected to yield (or compensate) with thicker
RNFL in nontemporal sectors. This is shown in
Figures 4C to 4E where there is at least one superior-
nasal or inferior-nasal nerve fibre layer sector that is
above the 95th percentile of thickness relative to the
normative database.

Limitations of this Series

To our knowledge, this possible anatomical difference
in peak bundle location in Black patients relative to
the white majority normative database has not been
specifically addressed or questioned in the literature
yet. Because this is a small nonrandomly selected
series, the true extent of this bundle shift in this popu-
lation subset is unknown and requires further study.
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Our series of three nonconsecutively selected African
American patients is simply too smallto draw evidence-
based conclusions. Further, even if our hypothesis
is confirmed for African Americans, further study is
required for other populations of African descent.

Because our patients all had low myopia (in which
case, if anything a mild temporal bundle shift may
be expected), we suspect the vertical or nasal bun-
dle shift in our series is not related to refractive
error. Nonetheless, future studies should rigorously
account for axial length and refractive error. We did
not measure axial length in our patients.

The fields for Patient 3 were also of slightly reduced
reliability due to fixation losses (Figure 3). A high
rate of unreliability, despite well-trained technician
instruction, is an issue in visual field testing.?

Lack of widefield RNFL and ganglion cell imaging
is another limitation. Kim and Park have shown that
the superior-temporal vulnerability zone of the disc
is not well represented by the traditional spectral
domain 6 x 6 mm-sized RNFL and macular gan-
glion cell maps.?* Conversely, 12 x 9 mm swept
source maps can better show RNFL wedge defects
and correlating ganglion cell loss, particularly in the
superior hemisphere.

We note the superior hemisphere because Hood et
al. showed that much of the superior macula within
the 6 x 6 mm-sized macular ganglion cell map
inserts within the less vulnerable temporal disc quad-
rant (due to anatomy and in part fovea-disc angle).?
This means the superior GCIPL on traditional-
sized maps may be less likely to show significant
loss in early glaucoma with superior RNFL loss
compared with the inferior GCIPL with equivalent
inferior RNFL loss. This may be particularly relevant
and require further examination of the left eye of
Patient 2 in our series (originally shown in Figure 2).

Figure 5A further examining Patient 2 shows a pos-
sible early superior-temporal RNFL wedge defect
(white arrow). If real, the defect is still peripheral
(has not yet reached the nerve). The red hashed
arrows show that this thinning would likely correlate
to a GCIPL trajectory outside the traditional macular
GCIPL thickness measures, superiorly. Note that an
early, correlating (but so far, incomplete)®* temporal
raphe sign may be forming on the GCIPL thickness

Canadian Journal of Optometry Vol. 88 No. 1
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Figure 5. Further evaluation of the left eye in Patient 2
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(A) The RNFL thickness map shows a possible early wedge defect (black arrow) on RNFL thickness map.
Superimposing the RNFL and GCIPL thickness map shows a possible correlation with unconfirmed early GCIPL
loss superior-temporally (red hashed lines). The white arrow shows the possible beginning of a temporal raphe sign.
It is not yet formed as it does not (at least yet) stretch halfway from the outer annulus (black star) toward the inner
annulus (green star).

(B) While still above the fifth percentile in terms of colouring, the superior-temporal GCIPL sector OS is a little (2 um)
thinner than the corresponding sector of the right eye.

(C) The angle of this wedge defect (black arrowhead) does not correlate with the exact location of the symmetrical
RNFL deviation map thinning relative to the normative database (white arrows).

(D) Reliable 24-2C Sita Faster HVF does not show any correlating inferior-nasal loss nor any other overt
glaucomatous field defects.

(E) Reliable 24-2C Sita Faster HVF of the contralateral right eye again showing no overt glaucomatous defects.

Abbreviations: C, central; GCIPL, ganglion cell-inner plexiform layer thickness; HVF, Humphrey Visual Field; RNFL,
retinal nerve fibre layer; um, microns.
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map. The superior-temporal GCIPL sector of the left
eye is also thinner than the corresponding sector of
the right eye (Figures 5Aand 5B). Compared with the
right eye (1.44 mm?2), the OCT measured rim area
is also thinner on the left (1.18 mm?) (Figure 2A).
Thus, it would have been useful to have acquired a
PanoMap printout, a 12 x 9 mm swept source wide
field RNFL/ganglion cell thickness scan, or both in
this case.?* While this eye shows the most compel-
ling evidence for possible preperimetric glaucoma in
this series, note how Figure 5C shows this possible
early peripheral wedge defect on RNFL thickness
map does not exactly correlate with the location of
the symmetrical superior-temporal deviation map
thinning in both eyes due to vertically shifted RNFL
bundles (the theme of the paper). Again, reassur-
ingly, reliable fields were obtained for Patient 2
without evidence of early glaucomatous field loss
(Figures 5D and 5E). This can also be monitored
over time. When using nonwidefield imaging, less
overlap is expected between potential macular
GCIPL defects and more vertically oriented RNFL
bundles. Further study with of this patient population
with widefield swept source OCT is thus important.

A final limitation of this series is the lack of serial
analysis over time. This would ultimately allow con-
firmation whether these eyes, such as Patient 2’s
left eye, are indeed glaucomatous or just physio-
logical cupping with normal anatomical nerve fibre
layer variants relative to the normative database.
Note that the final verdict may be a combination for
some of these eyes, namely the left eye in Patient 2
with the symmetrical RNFL deviation map thinning
likely not correlate to the possible superior-temporal
RNFL wedge defect and GCIPL loss (Figures 5A to
5C).

Clinical Implications and Future
Directions

This discussion regarding variation in RNFL anat-
omy and parameters has triggered interest in race-
specific normative databases.'*'® Per Realini et al.,
consideration of ethnic origin in construction of RNFL
normative limits may be helpful for diagnosis and
management of glaucoma.?” However, they also note
that it is “unclear how best to define ethnic groups
in practical and useful ways that support everyday
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clinical practice.”” For example, does “African des-
cent” encompass Africans, African Caribbeans,
North Africans, African Americans, and the increas-
ing number of multiracial patients with some African
descent??” These questions illustrate the complexity
in appropriately addressing this problem.

One possible way to improve generalizability may be
to expand a given normative database with improved
ethnic sampling. Nakayama et al. note that diversity
is critical for promoting generalizability of results.'
Further, it would be more equitable and accessible to
not have to upgrade to an expanded database (more
relevant to a given patient) at additional cost.®

For now, clinicians should be aware that normative
databases have limitations concerning numbers of
healthy anatomical variants due in part to poorly
represented patients with significant refractive errors,
tilted discs, and non-European ethnicities (particu-
larly African descendants as discussed). This may
put these patients at risk of false-positive red dis-
ease." It follows that utilization of ganglion cell analy-
sis, visual fields, and accurate clinical inspection of
the optic nerve rim tissue are all crucial.*>" Digital
fundus photos also offer a static opportunity to rule
out focal neuroretinal rim thinning, circumlinear ves-
sel bearing, vessel bayoneting, and RNFL wedge
defects suggestive of true glaucoma.' These photos
can also be compared over time, even if a different
machine is used. These best practices for glaucoma
diagnosis are even more vital in patients of African
descent given the prevalence of physiological cup-
ping that can easily be misdiagnosed as glaucoma
if all the clinical and imaging information is not com-
prehensively utilized.®

Conclusion

As preperimetric glaucoma detection becomes
more common with the use of OCT, clinicians may
need to recognize that the nerve fibre anatomy of
some Black patients potentially differs relative to the
normative database majority. All three of the selected
African American patients in our series had high-
risk appearing superior-temporal and/or inferior-
temporal, thinning on nerve fibre deviation maps
attributable to shifting of the superior-temporal and
inferior-temporal bundle peaks. This resulted in
flagging of sectors known to be vulnerable in early
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glaucoma. This bundle shift may increase the like-
lihood of glaucoma misdiagnosis. Because this is a
small, nonrandomized case series, the extent of this
bundle shift in the Black population is unknown and
requires further study.

For now, caution against an automatic glaucoma
diagnosis may be recommended if a patient of
African descentwith intraocular pressure of less than
22 mmHg displays roughly symmetrical superior-
temporal or inferior-temporal nerve fibre thinning
on deviation maps in the absence of correlating
ganglion cell thinning, visual field defects, and
focal rim thinning or notching on fundoscopy. The
RNFLtemporal-superior-nasal-inferior-temporal and
nasal-superior-temporal-inferior-nasal and blood
vessel trajectory out of the nerve may be qualita-
tively inspected to evaluate if the patient's RNFL
bundle profile may be anatomically shifted com-
pared with the normative database average.
Whenever unsure, we recommend serial monitor-
ing over time to rule out progressive thinning. Swept
source widefield RNFL and ganglion cell OCT map-
ping may allow earlier and more accurate diagno-
sis as OCT becomes more commonly utilized while
well-trained fundoscopic examination of the nerve
head also remains vital.
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