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Diabetic macular edema (DME) and proliferative diabetic reti-
nopathy (PDR) are the 2 advanced stages of diabetic retinopa-
thy (DR) that are the main causes for visual loss in patients with
diabetes. Both DME and PDR can be readily diagnosed with
clinical examination and, increasingly, by the noninvasive use

of optical coherence tomog-
= raphy. However, another, less
Related article commonly recognized cause

of'visual loss in patients with
diabetes is diabetic macular ischemia (DMI) in the absence of
DME.! The understanding of the natural history, risk factors,
and functional outcomes of DMIremains limited. This is partly
because of the long-standing need for invasive fluorescein an-
giography to diagnose DMI, which is characterized by enlarge-
ment of foveal avascular zone (FAZ) and retinal capillary loss.!

With the advent of optical coherence tomography-
angiography (OCTA), which enables detailed depth-resolved
visualization of the retinal capillary layers without the need
for dye injection, the interest in studying DMI has been reig-
nited. Importantly, in contrast to fluorescein angiography,
which shows mainly alterations in the superficial capillary
plexus, OCTA allows the 3 retinal capillary plexuses (superfi-
cial, intermediate, and deep) to be evaluated independently.
A number of OCTA-based metrics (such as FAZ size and cir-
cularity, perifoveal capillary density, retinal vessel area den-
sity, vessel length density, and perfusion density) have been
reported to be useful in quantifying and monitoring the
degree of microvascular damage with increasing severity of
DR.?* However, it remains unclear whether these OCTA
parameters have significant functional or prognostic impli-
cations. Studies correlating FAZ area and visual acuity have
yielded discordant conclusions so far.*> This may be because
normative data on FAZ is unavailable and the size of FAZ
might be influenced by physiological factors other than dia-
betes, such as age. Furthermore, it is unknown whether
important diabetes-associated risk factors, such as duration,
hemoglobin Alc level, and systemic comorbidities, may also
affect the retinal vascular parameters measured on OCTA.
Therefore, further studies are clearly needed to evaluate
which of the numerous OCTA-based metrics, if any, have the
highest diagnostic or prognostic value for OCTA to be useful
in clinical practice.

In this issue of JAMA Ophthalmology, Dupas et al® evalu-
ated the association between visual acuity and retinal vessel
density and FAZ area in 22 eyes of patients with type 1 diabe-
tes with severe nonproliferative DR or PDR without DME. The
authors demonstrated reduction in vessel density in all 3 reti-
nal vascular plexuses evaluated in eyes of patients with dia-
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betes, even for those with normal vision. However, eyes of pa-
tients with diabetes that have subnormal vision were found
to have more pronounced vessel density loss, particularly in
the deep capillary plexus (DCP). These results suggest that,
among the many parameters that can be evaluated on OCTA,
DCP vessel density may have the strongest correlation with
functional deficit.

This study adds to several recently published studies that
have suggested that alterations in the DCP have stronger cor-
relations with visual acuity than changes within the superfi-
cial capillary plexus.>” The mechanism underlying this asso-
ciation remains to be elucidated, because the outer retina,
including photoreceptors, is thought to receive most of its blood
supply from the choroid. One hypothesis suggests that the DCP
may contribute more significantly to the metabolic demands
of photoreceptor metabolism in eyes with DMI than previ-
ously thought.>”® This is supported by imaging studies using
spectral-domain OCT and adaptive optics scanning laser oph-
thalmoscopy that have demonstrated areas of photoreceptor
disruption in eyes with DCP nonperfusion.

These novel, OCTA-based findings have enhanced our un-
derstanding of the pathogenesis of DR and the mechanism of
visual loss in ischemia. However, as with all new technolo-
gies, the findings will need to be replicated in larger cohorts
not limited to patients with type 1 diabetes. Age-specific nor-
mative values of the various quantitative parameters will need
to be established to facilitate widespread adoption of their as-
sessment in clinical settings. Similarly, the potential influ-
ence of other systemic factors (such as duration of diabetes,
hemoglobin A, level, comorbidities such as hypertension or
ischemic heart disease, and smoking status) on retinal vascu-
lar parameters on OCTA will need to be determined. Finally,
enhancement of OCTA hardware and software to improve ease
of image capture, reduce artifacts, and increase consistency
of interobserver and intraobserver measurements at differ-
ent points, is clearly needed for OCTA to be a mainstream tech-
nology.

Translation of a novel imaging technology, such as OCTA,
toward clinical utility is a progressive step-by-step method de-
signed to move the needle. First, studies of the novel technol-
ogy should show independent information that is not appar-
ent or easily obtained from traditional means (in this case, the
ability to assess DMI noninvasively using OCTA). Larger stud-
iesincluding patients with more diverse systemic medical back-
grounds will then be needed to robustly demonstrate the func-
tional outcomes of DMI. The progression pattern and
prognostic value of OCTA-diagnosed DMI should then be con-
firmed in prospective clinical studies. Currently, we still do not
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know whether DCP measures of DMI are associated with poor
visual acuity as time passes.

Second, the technology should be reproducible; one of the
current limitations of OCTA is the variability between studies and
instruments. Studies to standardize retinal vascular metrics mea-
surements across different OCTA instruments, similar to previ-
ous efforts to standardize retinal thickness measurements using
different commercial OCT instruments, will be needed.

Third, the measure should have good sensitivity, specific-
ity and high predictive value. The area under the receiver op-
erating curve should be determined. These statistics are not
yet available for OCTA in diagnosing DMI.

ARTICLE INFORMATION

Author Affiliations: Singapore Eye Research
Institute, Singapore National Eye Centre, Singapore
(Cheung, Wong); Ophthalmology and Visual
Sciences Academic Clinical Program, Duke-NUS

REFERENCES

Bayer, Novartis, Pfizer, and Solvay. No other
disclosures were reported.

1. Sim DA, Keane PA, Zarranz-Ventura J, et al.

Clinical Use of Optical Coherence Tomography Angiography in Diabetic Retinopathy Treatment

Finally, the technology will need incorporation into a treat-
ment regime. Currently, there is no specific therapy for DMI.
Thus the value of adding OCTA to the assessment of possible
DMI is unclear. However, OCTA will have paved the way for
developing such treatment by offering an increasingly reli-
able imaging modality to quantify ischemia. It is highly likely
that these challenges of OCTA in management of DR will be
overcome in time. When that point has been reached, these
currently subclinical findings may replace clinical assess-
ment, fluorescein angiography, and visual acuity as future treat-
ment end points for potential new therapies to reverse
ischemia.

5. Samara WA, Shahlaee A, Adam MK, et al.
Quantification of diabetic macular ischemia using
optical coherence tomography angiography and its
relationship with visual acuity. Ophthalmology.
2017;124(2):235-244.

Medical School, Duke University and National
University of Singapore, Singapore (Cheung,
Wong); Department of Ophthalmology, National
University of Singapore, Singapore

(Cheung, Wong).

Corresponding Author: Tien Yin Wong, MBBS,
PhD, FRCS(Ed), Singapore National Eye Center,
Singapore Eye Research Institute, 11 Third Hospital
Ave, Singapore 168751, Singapore (wong.tien.yin
@snec.com.sg).

Published Online: May 10, 2018.
doi:10.1001/jamaophthalmol.2018.1538

Conflict of Interest Disclosures: Both authors
have completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest. Dr
Wong reports personal fees from Abbott, Allergan,

The effects of macular ischemia on visual acuity in
diabetic retinopathy. Invest Ophthalmol Vis Sci.
2013;54(3):2353-2360.

2. Ting DSW, Tan GSW, Agrawal R, et al. Optical
coherence tomographic angiography in type 2
diabetes and diabetic retinopathy. JAMA Ophthalmol.
2017:135(4):306-312.

3. Durbin MK, An L, Shemonski ND, et al.
Quantification of retinal microvascular density in
optical coherence tomographic angiography images
in diabetic retinopathy. JAMA Ophthalmol. 2017;135
(4):370-376.

4. Agemy SA, Scripsema NK, Shah CM, et al. Retinal
vascular perfusion density mapping using optical
coherence tomography angiography in normals and
diabetic retinopathy patients. Retina. 2015;35(11):

6. Dupas B, Minvielle W, Bonnin S, et al.
Association between vessel density and visual
acuity in patients with diabetic retinopathy and
poorly controlled type 1diabetes [published online
May 10, 2018]. JAMA Ophthalmol. doi:10.1001
/jamaophthalmol.2018.1319

7. Scarinci F, Nesper PL, Fawzi AA. Deep retinal
capillary nonperfusion is associated with
photoreceptor disruption in diabetic macular
ischemia. Am J Ophthalmol. 2016;168:129-138.

8. Nesper PL, Scarinci F, Fawzi AA. Adaptive optics
reveals photoreceptor abnormalities in diabetic
macular ischemia. PLoS One. 2017;12(1):e0169926.

2353-2363.

JAMA Ophthalmology Published online May 10, 2018

jamaophthalmology.com

© 2018 American Medical Association. All rights reserved.

Downloaded From: by a Universita Torino User on 05/13/2018


mailto:wong.tien.yin@snec.com.sg
mailto:wong.tien.yin@snec.com.sg
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaophthalmol.2018.1538&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2018.1538
https://www.ncbi.nlm.nih.gov/pubmed/23449720
https://www.ncbi.nlm.nih.gov/pubmed/23449720
https://www.ncbi.nlm.nih.gov/pubmed/28208170
https://www.ncbi.nlm.nih.gov/pubmed/28208170
https://www.ncbi.nlm.nih.gov/pubmed/28301651
https://www.ncbi.nlm.nih.gov/pubmed/28301651
https://www.ncbi.nlm.nih.gov/pubmed/26465617
https://www.ncbi.nlm.nih.gov/pubmed/26465617
https://www.ncbi.nlm.nih.gov/pubmed/27887743
https://www.ncbi.nlm.nih.gov/pubmed/27887743
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaophthalmol.2018.1319&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2018.1538
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaophthalmol.2018.1319&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2018.1538
https://www.ncbi.nlm.nih.gov/pubmed/27173374
https://www.ncbi.nlm.nih.gov/pubmed/28068435
http://www.jamaophthalmology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2018.1538

