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Evaluation of Macular Perfusion in Successfully
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Abstract: Current imaging techniques based on optical coherence tomography (OCT)
angiography are useful for observing different retinal microcirculation patterns. The
primary purpose of this chapter was to describe the functional, structural, and serial
perfusion postoperative outcomes of successfully reattached macula-off tractional
retinal detachment (TRD). Patients who underwent a successful diabetic vitrectomy
were analyzed. The mean differences between the preoperative best-corrected visual
acuity (BCVA), 3-month BCVA, and final postoperative BCVA were statistically
significant (p < 0.05). The duration of vision loss before surgery was 11.6 = 2.3 weeks
{mean = standard deviation (S13)).

The mean duration (£ SD) of the resolution of macular detachment was 3.6 £ 1.7 weeks
in the pure macular TRD group and 1.8 + 0.8 weeks in the combined tractional and
rhegmatogenous macular detachment (p < 0.05) group. The mean follow-up duration of
all patients was 11.4 £ 5.7 months (mean + SD). Longitudinal multimodal imaging tests
revealed abnormal superficial and deep microcirculation patterns with multiple
microabnormalities in the foveal avascular zone and different but distinet areas of the
non-perfused macula in different OCT angiography slabs. Additionally, disorganization
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of the retinal inner layers and chronic ischemic macular edema were observed in 82%
of eyes examined using the spectral domain (8D) OCT. Therefore, these data suggest
that despite the successful anatomical reattachment of the macula, long-term
postoperative microcirculatory abnormalities were detected in both groups; however,
these abnormalities were predominantly accompanied by severe persistent ischemia in
the recurrent TRD group due to the presence of multiple microcirculatory defects,
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Disorganization of the retinal inner layers, Long-term proliferative diabetic
retinopathy complications, Macula-off tractional retinal detachment, Optical
coherence tomography angiography, Macular perfusion indices, Perfusion
microcirculatory abnormalities, Ischemic macula, Chromatic visual field testing,
Microperimetry, Multifocal electroretinography, Secondary complicated retinal
detachment, Superficial vascular plexus, Vessel density.

INTRODUCTION

Diabetes mellitus (DM) is prevalent worldwide, affecting an estimated 285
million adults (6.4%) as of 2010 [1]. It is one of the main causes of visual
morbidity worldwide. The estimated prevalence of diabetic retinopathy (DR) and
vision-threatening DR from 2005-2008 was 28.5% and 4.4%, respectively, among
US adults with diabetes [2]. The main causes of vision loss in these patients
include diabetic macular edema (DME), chronic cystic macular edema (CME),
and complications related to proliferative diabetic retinopathy (PDR), including
recurrent vitreous hemorrhage (VH), tractional retinal detachment (TRD),
refractory macular edema associated with posterior hyaloid traction, combined
traction and rhegmatogenous retinal detachment, and epiretinal membrane
(ERMs) proliferation. These are the most common indications for surgical
vitrectomy [3 - 5].

One of the most successful technigues used to manage DR is the administration of
vascular endothelial growth factor (anti-VEGF) [6]. Although they are limited by
their short-lived effects, they are widely available for use worldwide, especially in
the treatment of aggressive proliferative DR [6]. However, some patients are
treated with steroids, periocular injections, or intravitreal extended-release devices
to maintain long-term visual outcomes. Panretinal photocoagulation (PRP)
remains the gold standard of care but is preferred as a second-line treatment,
especially in developed countries, owing to the popularity of anti-VEGF
treatments [7].

The protocol proposed by Sivaprasad et al. (2015) [8] for diabetic retinopathy
‘Clinical efficacy and mechanistic evaluation of aflibercept for proliferative
diabetic retinopathy (acronym CLARITY) and Research Network Protocol’ has
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been used as a guideline for the surveillance and management of patients with
macular edema and complications related to Proliferative DR (PDR). When DR is
detected late. advanced pars plana vitrectomy (PPV) is needed [7]. Despite
extensive research, the predictive factors for visual outcomes after vitrectomy still
largely remain to be elucidated [9 - 11]. Several researchers have used horizontal
B-scans of optical coherence tomography (OCT) images to investigate the
disorganization of the retinal inner layers (DRIL) [12]. This method was used to
assess the boundaries of the ganglion cell layer-inner plexiform layer (GCL-IPL)
complex, inner nuclear layer (INL), and outer plexiform layer (OPL). Sun ef al.
(2014) investigated whether DRIL predicts visual acuity (VA) in eyes with central
edema (DME). They found that a greater DRIL extent at baseline correlated with
worse baseline VA, and an increase in DRIL during 4 months was associated with
worsening VA at 8 months [12].

OCT angiography (OCT-A) facilitates visualization of blood flow in biological
tissues. It noninvasively creates in vivoe 3-dimensional composites of separate
layers of the retinal and choroidal vasculature without the use of a contrast agent
[13]. Using multiple algorithms, the sensitivity of imaging methods 1s increased
for detailed imaging of the superficial and deep retinal capillary plexus and
choriocapillaris [13]. The OCT-A method ignores the quantitative measurement
of blood flow and uses motion as a contrast mechanism to visualize the location
of the moving cells [13]. It eliminates the need for a dye [14, 15] and the ‘transit
window” effect observed with fundus fluorescein angiography (FFA) and
indocyanine (ICG). OCT-A also avoids dark artifacts of retinal and vascular
features that may occur owing to dye leakage [16]. This technique provides
capillary-level detail at high depth resolution, which is provided only by
histological methods [17 - 20].

OCT-A is useful for assessing DR, as it shows retinal foveal avascular zone
(FAZ) enlargement and microaneurysms, and facilitates the examination of
superficial and deep capillary plexuses in several diabetic lesions. When used
along with OCT-A, Optovue AngioVue system technology enables quantitative
analysis of the superficial and deep plexuses of the retinal vessels, serving as
biomarkers for the diagnosis and monitoring of disease progression or treatment
responses [21]. Fluorescein angiography cannot resolve the details of the deep
capillary plexus and peripapillary radial capillaries [16, 17, 22]. However, OCT-A
is a superior method for the quantitative analysis of retinal perfusion, as it is able
to detect all clinically relevant retinal findings in individuals with DR [22, 23].
Additionally, disc neovascularization (NVD) and neovascularization elsewhere
(NVE) were reliably detected using OCT-A [24 - 26] (Fig. 1). Since the
assessment of these clinical findings is important for better management of DR,
such as during the monitoring of medical and surgical outcomes, OCT-A
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Engineering, Heidelberg, Germany and the swept-source DRI OCT Triton device
by Topcon Medical Systems, Inc.). We routinely performed postoperative
perfusion and quantitative vessel density (VD) and choroidal flow evaluations
using an OCT-A device (RTVue XR OCT Avanti with AngioVue Software;
OptoVue Inc., Fremont, CA, USA). In summary, it uses a specialized split-
spectrum amplitude decorrelation angiography software algorithm and acquires
70,000 A-scans/s to compose OCT-A volumes consisting of 304 A — 304 A-scans,
achieving a high axial resolution at depths of up to 5 um and minimizing motion
artifacts. Each OCT-A cube scan comprised 304 A — 304 A-scans within a 3 mm
* 3 mm square centered on the fovea, which yielded 304 B-scans. Each B-scan
output displays an average of at least two scans. Default retinal imaging settings
and built-in projection artifact removal tools were used to perform image
adjustment and segmentation. Segmentation of the superficial vascular plexus
(SVP), deep vascular plexus (DVP), outer retinal laver, and choriocapillaris
subfoveal plexus (CSP) slabs was performed using AngioVue software. Scan
quality was evaluated using the standard signal strength index (SSI) provided by
the software, and only scans with an SSI = 46 were considered. In a properly
equipped retinal unit, postoperative multimodal functional evaluations should
include final BCVA, macular retinal sensitivity (MRS), foveal retinal sensitivity
(FRS), and retinal sensitivity analysis mapping (RSAM). These parameters should
be assessed by microperimetry using a standard Macular Integrity Assessment
System (MAIA). Microperimetry should be performed to assess the retinal
sensitivity. This assessment enabled the determination of the exact correlation
between macular pathology and the corresponding functional abnormality.

Microperimetry is a psychophysical method that is rapid, safe, non-invasive, and
useful for assessing the stability of fixation. Retinal sensitivity can be displayed at
only a few normal or abnormal points, with a low retinal sensitivity level. In
addition, a stable or unstable fixation visual point should be determined and
documented postoperatively to assess the behavior of this fixation pattern over
time.

Microperimetry using the MP-3 MAIA Confocal Microperimeter (MetroVision,
France), a device routinely used in our retinal unit, should show whether there is a
stable or unstable fixation pattern and whether the location is foveocentral or
eccentric, and the type of fixation pattern should also be determined and
documented. The retinal sensitivity analysis map should be evaluated and
correlated after interpretation to determine whether there is abnormal or normal
macular integrity with normal or reduced sensitivity, mainly in the center of the
fovea. The correlation between the reduced retinal sensitivity locus and
corresponding retinal thickness on SD-OCT should also be investigated. The
standard protocol that we used covered a 10° diameter area with 37 measurement
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points and a light stimulus projected directly over the macula surface, with a
Goldman IIT size stimulus, background luminance of four apostilbs (asb), a
maximum luminance of 1000 asb, and a dynamic range of 36 decibels (dB).
Fixation stability and location pattern parameters should be assessed by tracking
eye movements 25 times per second and plotting the resulting distribution over
the scanning laser ophthalmoscope (SLO) image. Each movement is represented
by a point and the overall site describes the preferred retinal locus.

Fig. (2). Different types of diabetic TRD. (a) A wide-field Optos color fundus image of diabetic TRD with
macular invelvement. The media are clear, proliferative fibrovascular tissue emerges from the optic disc and
shows traction elevation of the temporal vascular arcades, and the retina of the posterior pole 1s detached with
the macula involved. The rest of the retina appears thin and atrophic without evidence of prior
panretinophotocoagulation (PRP). (b) Diabetic TRD where the optic nerve is observed, very extensive TRD
1s affecting the posterior pole and the macula is detached and heterotopic. Neovascular activity with evidence
of localized vitreous hemorrhage is observed without evidence of a previous PRP. (¢) Magnified wide-tfield
Optos color image of an exuberant fibrovascular tissue proliferation over the posterior pole and along the
vascular arcades that contract and detach the macula. (d) Another image of diabetic TRD with macular
mvelvement. The TRD extends to the nasal equator of the retina with vertical subretinal demarcation lines
This modified multipanel figure was obtained from a previous publication [27] and 15 used under the Creative
Commaons Attribution 4.0 International License (https://ereativecommons.org/licenses/by/4.0/).



26 Optical Colerence Tomography Angiography - Part 1 Quiroz-Reyes ef al.

Computerized mfERG should be used to detect focal (regional) outer retinal
abnormalities, and the amplitude and implicit time of the N1 wave, implicit time
of the P1 wave, and elevation electroretinography 3-D maps should be assessed in
the affected eye and compared to the contralateral eye or to the corresponding
normal control normative dataset. The 61-hexagon 30° standardized technique is
regularly performed to test the macular electrical multifocal outer layer sensitivity
point-to-point at the <2-degree to >15-degree central rings (<2, 2-5, 5-10, 1015,
and >15 central rings) once the postoperative BCVA has been reached. The
authors also recommend performing at least 10-2 and 30-2 chromatic campimetry
evaluations postoperatively to assess long-term central field function.

Surgical Techniques in Diabetic Tractional Retinal Detachment

The authors preferred to perform the technique using a standard 25-gauge, self-
sealed, three-port, control-perfused PPV in all eyes of patients under local
anesthesia. Patients should also undergo sedation. In addition to central
vitrectomy, triamcinolone acetonide (Kenalog 40 mg/mL; Bristol-Myers, New
York, NY, USA)-assisted removal of the cortical vitreous from the surface of the
retina should be performed using a silicone-tipped cannula and active suction,
paying special attention to the detection of macular preretinal fibrovascular
proliferation. Removal of the hyaloid in cases of complex vitreoretinal interface
requires a combination of delamination alternating with segmentation along with
visco-dissection techniques for adherent vitreous and epiretinal fibrovascular
proliferative tissue, avoiding iatrogenic retinal breaks. Any foci of perfused retinal
neovascularization or bleeding from the retinal vasculature should be treated to
maintain hemostasis throughout the procedure. Once the hyaloid is carefully
dissected and removed, attention should be shifted to fibrovascular membrane
dissection using visco-dissection, segmentation, and/or delamination techniques,
and residual epiretinal tissue should be peeled or dissected to release macular
traction and distortion. After removal of the anterior-posterior traction, the focus
should be maintained on tangential or circumferential traction, and surgical
macular evaluation and revision should be performed in all cases using 0.15%
trypan blue ophthalmic solution (Membrane Blue; Dutch Ophthalmic, USA) as an
adjuvant dye to stain cortical vitreous remnants or epiretinal macular membranes.
In cases showing membrane epiretinal proliferation, a mixture of 0.15 mL of a
0.25 mg/mL (0.025%) diluted isomolar solution (pH 7.4) of Brilliant Blue G
(BBG) dye is recommended to selectively stain the ILM because of the suspected
traction contribution of ERM proliferation. Once the tractional components are
released, rhegmatogenous lesions, if any, should be diathermally marked, macular
reattachment should be achieved, and argon laser-assisted scatter panretinal
photocoagulation (PRP) should be performed. In cases without rhegmatogenous
lesions, PRP should be applied to avoid areas of subretinal fluid that may induce
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small retinal breaks (Fig. 4a to f); (Fig. 5a - ¢ and h - i). A selected tamponade,
such as a long-acting nonexpandable perfluoropropane (C,F,) gas mixture at 15%,
or heavier than water 1000 or 5000 cks (centistokes) silicon oil should be
administered at the end of the surgical procedure based on the experience and
preference of the surgeon.

Fig. (3). Different types of diabetic TRD. (a) Severe macula-off diabetic tractional retinal detachment.
5TO82. (b) Tractional and rhegmatogenous retinal detachment in PDR. 57083, The images in this modified
figure were originally published on the Retina Image Bank® website. Manish Nagpal, MD. Photographer
Gayathri Mohan. Retina Foundation. Retina Image Bank. Jun 10, 2020. © The American Society of Retina
Specialists,

Postoperative Structural and Multimodal Functional Findings in TRD

Graphs 1-6 summarize the functional outcomes previously published by the
authors [27].
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Graph. 1. Comparison between preoperative, 3-month, and final postoperative BCVA,
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Graph. 6. Comparison of chromatic visual field testing between BCVA and TRD.

For the surgical outcomes of this type of vitreoretinal pathology in patients with
diabetes, the authors applied their experiences from the cited publication and
further clarified these outcomes by using examples of surgical cases to
academically and didactically describe the outcomes of these patients. We used
the terminology proposed in the International Nomenclature for Optical
Coherence Tomography Panel report to describe the structural preoperative and
postoperative SD-OCT findings [28]. The postoperative structural SD-OCT
findings (Fig. 5d. e, j. and k) showed foveal contour profile abnormalities, diffuse
retinal layer thinning with CSFT abnormalities, IS/OS disruptions (EZ), and
external limiting membrane (ELM) line abnormalities. In the OCT-A evaluation
of the subset of 16 post-operated patients, the superficial and deeper capillary
vascular plexuses showed extensive perfusion abnormalities, and the
choriocapillaris plexus evaluation revealed abnormal choriocapillaris perfusion:
the pericapillary foveal net was enlarged, asymmetrical, and irregular, and the
quality of vascular density was abnormal (Fig. 4g, h and 5f, 1) (Table 1).
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Table 1. Summary of preoperative and postoperative TRD structural and perfusional findings.

SD-OCT (n=30) and OCT-A (n=16) findings: - -

Mean time of the preoperative evolution of TR 11.6 weeks +£2.3 8D
Mean time of the postoperative TRD resolution 6.2 weeks £2. 1 weeks
Mean time of the postoperative follow-up 1.4 weeks £5.7 weeks
Postoperative normal contour profile 9 300
CSFT abnormalities o
Presence of DRIL 13 43 3%
EZ abnormalities 23 T6.6%
ELM line abnormalities 21 20%
Superficial and deep vascular plexus abnormalities -
Superficial and deep vascular plexus abnormalities 14 87.5%
Perifoveal capillary net abnormalities 12 T5%
Vessel density abnormalities 10 62.5%

TRD, tractional retinal detachment; CSFT, central subfoveal thickness; DRIL, disorganization of the retinal
iner lavers; EZ, ellipsoid zone; ELM, external limiting membrane. SD-OCT, spectral-domain optical
coherence tomography; OCT-A, optical coherence tomography angiography.

Long-term microperimetry assessment in a subset of postoperative eyes showed
abnormal macular integrity with reduced retinal sensibility, mainly in the center
of the fovea. and reduced retinal sensibility throughout the ischemic areas. This
assessment also showed a correlation between SD-OCT macular pathology and
the corresponding functional abnormalities, as determined using microperimetry,
and the perfused abnormalities observed on OCT-A images (Fig. 4g and h), (Fig.
5f and 1), and (Fig. 6d and e). However, no correlation was observed between the
localized locus with reduced macular sensitivity and the corresponding retinal
thickness on the OCT images. The corresponding SD-OCT B-scan and OCT-A
images depict epiretinal membrane proliferation and intraretinal vascular patterns,
respectively (Fig. 6¢, d, and e). Chromatic campimetry revealed reduced retinal
sensitivity without any specific color-discrimination abnormalities (Fig. 4i). A
deeply abnormal mfERG elevation map was observed in a small set of eyes tested
(Fig. 4j). Reduced mean retinal sensitivity, deeply reduced foveal sensitivity with
abnormal fixation stability, and an eccentric location pattern with abnormally
decreased retinal sensitivity were the main findings obtained from microperimetry
(Fig. 4k). The mfERG showed outer retinal and photoreceptor abnormalities and
ischemic patterns in the middle layers of the retina, as well as a decreased
amplitude of the N1 wave and an abnormally prolonged P1 implicit time (Fig. 4 1)
(Table 2).
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Fig. (4). Surgical steps, perfusional and functional findings. (a) Wide-field Optos color fundus image of an
eye with long-evolution type 2 diabetes mellitus and abundant proliferative fibrovascular preretinal tissue that
detaches the retina involving the macula. (b) Surgical image showing a severe traction detachment, the
macula is off and fibrovascular tissue emerges from the optic nerve that detaches detaching the retina and
temporal vascular arcades. (¢) Magnified image showing clear detachment of the macula with the macula
dragged and distorted. (d) Image depicting the release of the detached macula where trypan blue dye 15 used
1o stain vitreous or fibrovascular remnants and facilitate membrane stnpping. This surgical image also depicts
a distorted and stained macular surface with evidence of dragged macular tissue due proliferative tissue
remnants over the optic nerve and along the inferior temporal arcade. (e) Surgical image under air where the
macula has been released and appears to be reattached, and transoperative argon laser endophotocoagulation
marks over the surface of the reattached retina are shown. (f) Corresponding final long-term fundus photo of
the previous case showing a nicely attached retina. (g) En face SD-OCT-A image of the deep vascular plexus
(DVP) slab showing an enlarged FAZ area, with some capillary dropouts. (h) En face OCT-A image of the
SVP slab with countless abnormal capillary terminal segment defects and small zones of capillary dropouts.
(i) Image depicting an abnormal retinal sensibility on the chromatic central visual field. (j) The m{ERG is
substantially abnormal in the ceniral rings, and the topographic elevation 3-D map is abnormally depressed.
(k) Image showing an abnormal macular sensitivity on microperimetry. (1) The mfERG 15 substantially
abnormal in the central rings, and the topographic elevation 3-D map is abnormally depressed. This modified
multipanel figure was obtained from a previous publication [27] and 15 used under the Creative Commons
Attribution 4.0 International License (https://creativecommons.org/licenses/by/4.0/).
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Fig. (5). Surgical approach, structural and perfusional outcomes. (a) Surgical view of a very complex
diabetic TRD involving the macula in a hammock configuration. (b) The macula was released, and passive
hlood aspiration and retina exploration were mandatory. (¢) Image depicting the corresponding appearance of
the tissue in the previous image with the retina completely reattached with extensive PRP. (d) Image showing
diffuse retinal thinming and corresponding laser scarring of the full-thickness retina layers; the macular
contour is indistinguishable. (e) Corresponding final Spectralis cross-sectional horizontal B-scan depicting a
thinner macular profile with diffuse thinning of the macular layers. (f) Postoperative en face SD-OCT-A
images depicting irregular filling at the level of the SVP, and the DVP insufficiently filled due to a low vessel
density (VD) and capillary dropouts with irregular and enlarged perifoveal capillary net. The chonocamllans
1s abnormal with compensatory and atypical engorged choroidal vessels. (g) Image showing a preoperative
extensive diabetic macula-off TRD. (h) Image depicting a transoperative view. The retina has been
reattached, and some macular traction lines through the macula due to persistent superficial traction are
observed. (i) Image showing the corresponding stained and removed internal limiting membrane o release
the superficial traction mentioned above. (j) Image depicting a 4-month postoperative Spectralis cross-
sectional horizontal B-scan with PRP laser scars and irregular and diffuse retinal thinning along with a well-
recovered macular profile contour, hard-to-identify structural biomarkers and the absence of well-defined
retinal inner layer biomarkers. (k) Corresponding image obtained at the final follow-up with a better
recovered Spectralis cross-sectional horizontal B-scan structural evaluation. The hyper-reflexive effect of the
laser scarring is noted. (1) En face OCT-A image showing some degree of irregular filling at the level of the
SVP and DVP plexuses; note that the choriocapillaris is insufficient. This modified multipanel figure was
obtained from a previous publication [27] and 1s used under the Creative Commons Attribution 4.0
International License (https://creativecommons.org/licenses/by/4.0/).
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Fig. (6). Postoperative structural and perfusional findings. (a) Image depicting a preoperative wide-field
Optos color fundus image of a very complex, chronic diabetic macula-off TRD. (b) Image with postoperative
topographic irregular central macular thickening due o chronic macular edema. (¢) Postoperative structural
cross-sectional horizontal SD-OCT B-Scan image showing a preserved macular profile with some mild
superficial wrinkling of the nasal region along with extrafoveal cystic chronic residual edema mainly over the
temporal side of the macula. Some external limiting membrane (ELM) line discontinuities are observed, and
the EZ is preserved. (d) Corresponding postoperative en face SD-OCT-A image of the SVP slab between
normal range VD perfusion indices. (e) En face SD-OCT-A image of the DVP slab shows some irregularities
of the deep macula circulation with an iregular deep juxtafoveal capillary net and an enlarged FAZ area. This
modified multipanel figure was obtained from the fnternational Journal of Ophthalmology & Visual Science.
Vol. 6, No. 4, 2021, pp. 187-198. doi: 10.11648/).ijovs.20210604.12 and is used under the Creative Commons
Attribution 4.0 International License (https:/creativecommons.org/licenses/by/4.0/),

Representative Surgical Cases
Surgical Case 1

A 42-year-old male patient with 18 years of type 2 diabetes had irregular
metabolic control. His last glycosylated hemoglobin level was 7.7. The patient
had proliferative diabetic retinopathy and PRP in both the eyes. The patient
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presented with progressive low wvision in his right eye at 12 weeks.
Ophthalmological examination revealed a pseudophakic RE with cloudy media.
The TOA was 16 mmHg with no manifestations of anterior segment
neovascularization, signs of moderate vitreous bleeding, and evidence of a
fibrovascular tissue stalk that detached the posterior pole, mainly at the level of
the macula. B-mode ultrasonography confirmed the diagnosis of diabetic TRD
with  macular involvement. The patient underwent vitrectomy and
endophotocoagulation to achieve uneventful reapplication of the macula.
Postoperative evaluation at 14 months showed an abnormal FAZ area on the DVP
and SVP slabs (Fig. 7a and b), and postoperative cystic macular edema was
detected on B-scan crossline SD-OCT examination (Fig. 7e and d). The en face
red-free slab showed superficial extrafoveal macular traction without macular
distortion (Fig. 7e). Quantitative VD evaluation was considered to be within
normal limits, as shown in white numbers on the different subfoveal regions on
the ETDRS-like grid (Fig. 7f). Long-term full-thickness macular edema was
observed in retinal topography images (Fig. 7g). The final BCVA was 20/80.

Surgical Case 2

A 59-year-old female patient with chronic complications of proliferative diabetic
retinopathy showed evidence of vitreous hemorrhage on several occasions. She
was unable to undergo laser photocoagulation satisfactorily, and because of the
presence of fibroglial tissue, the patient was not managed preoperatively with
bevacizumab therapy. She had experienced significantly low vision for 12 weeks,
and ultrasound examination showed complex tractional detachment of the macula
(Fig. 8a). Fifteen months after vitrectomy, she was evaluated using OCT-A. An
Angio montage of the papilla and macula showed restored perfusion quite close to
normal, with an irregular and enlarged FAZ and interruptions of the capillary
margin at the level of the SVP (Fig. 8b and ¢). The postoperative OCT-A
evaluation showed a quantitatively altered VD pattern that was considered lower
than normal (Fig. 8d), the macular topography showed discrete and irregular
macular thickening due to refractory edema (Fig. 8e), which showed important
capillary dropouts in the vicinity of the FAZ area that was enlarged, the
juxtafoveal capillary net was abnormal in VD, and the long-term VD profiles
were quantified as lower than normal (Fig. 8f). Long-term postoperative
horizontal B-scan SD-OCT images showed irregular foveal contours and diffuse
irregular macular thickening due to the presence of macular edema, evidence of
DRIL, and normal outer retinal biomarkers on OCT images (Fig. 8g). The final
BCVA value was 20/100.
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Fig. (7). Surgical case I. (a) Images depicting irregular deep vascular and SVP slabs with a smaller,
preserved and remodeling of the FAZ area. Multiple microcapillary end-vascular dilatations are depicted
(vellow arrows). (b) The image depicts a vertical B-scan with retinal thickening due to intraretinal edema
(white asterisk), DRIL {white arrows) and discontinuities over the EZ (vellow arrows) and external limiting
membrane. (¢) Postoperative vertical B-scan depicting an abnormal foveal contour profile, diffuse thickening
of the macula due to intraretinal edema (white asterisk), some DRIL and some discontinuities (white arrows)
of the EZ. (d) Postoperative horizontal B-scan depicting an abnormal foveal contour profile, ditfuse
thickening of the macula, DRIL {orange arrow) and some discontinuities (white arrows) of the EZ. The red
dots represent retinal and choroidal vessels. (e) A red free SLO segmentation en face image and a superficial
traction epicenter (red arrow) are observed. (f) Image depicting a lower vessel density in the 9-grid-based
measurements, with the value shown in white numbers over each subfield. (g) Corresponding postoperative
full-thickness macular topography image showing diffuse retinal thickening. This modified multipanel figure
was obtained from the fnternational Jowrnal of Ophthalmology & Visual Science. Vol. 6, No. 4, 2021, pp.
187-198, dor; 10.11648/.070vs.20210604.12 and 15 used under the Creative Commons Attnbution 4.0
International License (hitps:/creativecommons.org/licenses/by/d (/).
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Surgical Case 3

A 57-year-old male patient with diabetes for 22 years presented with
progressively decreasing vision in the left eye at 14 weeks of evolution, with no
history of laser photocoagulation or antiangiogenic therapy. Ophthalmoscopic
examination and B-mode ultrasound showed severe and extensive tractional
detachment of the macula (Fig. 9a). The patient underwent uneventful PPV and
phacoemulsification with surgical reattachment of the macula without
complications. At 19 months postoperatively, a perfusion evaluation was
performed using SD-OCT-A, showing an SVP with multiple high-grade vascular
deficiencies in the VD evaluation, an abnormally enlarged FAZ area, and loss of
shape of the corresponding juxtafoveal capillary net (Fig. 9b). The long-term
postoperative crossline SD-OCT examination showed severe diffuse total
irregular thickening of the macula, several large confluent intraretinal macrocysts,
alterations in the microstructure, and the presence of severe extrafoveal and
subfoveal DRIL; biomarkers of the outer retinal layer were not recognizable. The
vertical B-scan image of the macula shows full-thickness ischemic edema with a
loss of biomarkers (Fig. 9¢ and d). The surface topography of the superficial
retina was abnormal and irregular in thickness (Fig. 9e). and the quantitative
evaluation of the VD pattern was considered to be lower than normal (Fig. 9f).
The final BCVA of the eyes was 20/160.

Surgical Case 4

A 46-year-old female patient with a rapid and progressive loss of vision of 6
weeks of evolution, diabetes mellitus for 21 years with good glycemic control and
a glycosylated hemoglobin level of 8.7 was diagnosed with macula-off TRD.
Because the macula was involved (Fig. 10a), the preoperative SD-OCT allowed
us to appreciate the complexity of the vitreoretinal interface in the presence of
abundant epi-and preretinal membranes and abundant subretinal fluid (Fig. 10b).
The patient underwent PPV surgery and laser endophotocoagulation. Eight weeks
postoperatively, significant vitreous bleeding was identified with redetachment of
the macula, for which she underwent vitrectomy revision with successful and
uneventful reapplication of the macula. The final quantitative postoperative
evaluation at 23 months showed several areas of lower-than-normal VD values
(Fig. 10¢), irregular thickening of the superficial layers of the retina in the surface
topography of the macula (Fig. 10d), the full-thickness topography of the macula
evidenced moderate and uniform thickening of the macula (Fig. 10e), the VD was
deficient quantitatively with several areas of lower-than-normal VD values, the
SVP showed substantial alterations in the microcirculation, capillary closures and
an enlarged avascular FAZ without precise limits to be measured (Fig. 10f), The
DVP was significantly altered and important capillary closures were observed
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Fig. (9). Surgical case 3. (a) Wide-field color photo depicts an exiensive diabetic TRD (white arrows). (b)
Image depicts an abnormal irregular SVP slab with many abnormal capillary segments, microvascular
dilation and an enlarged FAZ (yellow circle); some mild saccadic eyve movement artifacts are observed. (c)
Cross-sectional vertical B-scan SD-0OCT image shows severe macular thickening and large cystic formation
(white asterisks), severe postoperative and persistent DRIL (orange arrows) and the severe disruption of the
outer reting OCT biomarkers (EZ and ELM line) (white arrows). The red dots depict the tomographie retinal
vessels and the choroidal capillaries, (d) Cross-sectional horizontal B-scan SD-0CT image with macular
thickening and cystic formation {white asterisk), severe postoperative and persistent DRIL (orange arrows)
and severe disruption of the outer retinal SD-OCT biomarkers (EZ£ and ELM line) (white arrows). The red
dots depict the tomographic retinal vessels and the choroidal capillaries. (e) The image shows the superficial
irregular macular partial-thickness macula topography. (f) Image corresponds to the abnormal VD
segmentation data acquired over the different macular subfields, with the quantified VD presented in white
numbers. This modified multipanel figure was obtained from the International Jowrnal of Ophihalmology &
Visual Science. Vol. &, No. 4, 2021, pp. 187-198. doi: 10.11648/.1jovs. 20210604.12 and is used under the
Creative Commons Adtribution 4.0 International License {(hitps://creativecommons.org/licenses/by/4.0/).
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a

Fig. (10). Surgical case 4. (a) Wide-field color photo of the left eye with a severe macula-ofl diabetic TRD
(white arrows). (b) The image depicts a preoperative cross-sectional horizontal B-scan SD-OCT with a
complex vitreoretinal interface and abundant subretinal fluid (black asterisks). SD-OCT biomarkers were not
identified. (¢) Image depicts an abnormal quantitative VD image at the different macular subfields with the
quantification shown in white numbers in each subfield of the macula. (d) Image depicis the postoperative
partial-thickness abnormal superlicial macular topography. (e) Image shows the corresponding postoperative
full-thickness uniformly thick macular topography. (f) The image shows very abnormal microcirculation at
the level of the SVP. The quantitation of charactenistics of the FAZ area were impossible to detect, and VD
perfusion indices were lower than the mean, (g) Image depicts the DVP with countless microvascular
perfusional abnormalities. The juxtafoveal capillary net and the foveal avascular zone were not identified, and
the perfusion indices were lower than the mean on the gquantitative evaluation. (h) and (i) Images depicts a
crossline SD OCT B-scan through the center of the fovea. An abnormal foveal contour and diffuse macular
thickening were observed, along with the presence of DRIL (orange arrows). The EZ and ELM showed
irregularities and discontinuities at the subfoveal level {white arrow). The red dots indicate retinal vessels and
choroidal capillaries. Extrafoveal residual subretinal fluid was observed. This modified multipanel figure was
obtained from the International Journal of Ophthalmology & Visual Science. Vol. 6, No. 4, 2021, pp. 187-
198. doi: 10.11648/.1jovs. 2021060412 and is used under the Creative Commons Attribution 4.0 Intermational
License (https://creativecommons.org/licenses/hy/4.0/)
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consequence of ischemia at the level of the deep capillary plexus. Researchers
have not determined whether reversibility potentially declines with increasing
duration of DRIL or whether it can be induced, but these findings would have
important implications in the timing of macula-off diabetic TRD surgery.

Histologically, the process by which DRIL is represented remains unknown. We
presume that it may be a distinct biomarker of tissue damage or poor tissue
recovery. To the best of our knowledge, the mechanisms by which DRIL affects
BCVA have not yet been determined; therefore, further histological assessments
are required. However, the findings analyzed in this case series report [27] and in
the literature reviewed [20, 21, 26, 32 - 37| suggested that an increased DRIL
length and possibly less viable remaining tissue are associated with worse visual
outcomes.

Previous reports on PDR have shown that disruption of the outer retina, mainly
the EZ and ELM line biomarkers, are significant predictors of visual prognosis
[34, 35, 38]. We consider that the length of the subfoveal DRIL, the integrity of
the ELM line, and EZ characteristics correlate well with the longitudinal
functional evolution and would predict final visual outcomes [27]. The limited
number of patients who were subjected to chromatic central visual field testing
showed different degrees of central visual field abnormalities in macular
sensibility on the 10-2 and 30.2 VF tests without showing any special cone-
selected color discrimination abnormalities. Moreover, in a previously published
paper [27], a final BCVA less than 20/200 (1.00 in logMAR units) was ultimately
achieved, which was consistent with the findings in the revised literature, and the
10-2 and 30-2 visual field test results were also substantially abnormal. However,
certain perfusion indices, such as VD, at different subregions of the macula
according to the ETDRS grid and some structural biomarkers, such as DRIL, are
important for monitoring once the macula has been successfully reattached.
Another important issue 1s that when the macula becomes detached, it must be
managed in a timely manner to ensure that perfusion, mainly of the outer layers, is
resumed. Long-term postoperative multimodal evaluation is mandatory to better
evaluate the results obtained when timely surgical management is instituted in
patients with macula-off diabetic TRD.

The choroid 1s a highly vascularized tissue that provides an essential blood supply
to the RPE and outer retina [39]. Restricted blood supply to the choroid may
adversely affect the outer retina, potentially disrupting tissue homeostasis and
causing chorioretinal tissue damage.

The choroidal vascularity index (CVI) is a recently introduced quantification
parameter that represents the vascular status of the choroid based on OCT images
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[40]. CVI was developed as a more precise and robust measurement of choroidal
vascularity than previous measurements (such as choroidal vessel diameter and
choroidal thickness), which has important limitations [41]. Variations in CVI can
be used as an indicator of choroidal vasculature changes, but it cannot capture
choriocapillaris flow, which is an important characteristic of choroidal vasculature
[42].

CVI has proven to be informative in revealing the status of the choroidal
vasculature in a variety of diseases and treatment conditions [43 - 48].

In the diabetic patient, the choroid is an important vascular structure that functions
in providing nutrients to the outer retina layers, including the photoreceptors layer
[49, 50]. In vive, noninvasive observation of the choroid is relevant to both
disease diagnosis and treatment but can be challenging because this structure 1s
located beneath multiple layers of tissue. Recent advancements in OCT and the
introduction of OCT angiography have substantially improved our ability to
visualize the choroid [49].

Recently, better visualization of the choroid has resulted in innovations in the
quantitative evaluation of the choroidal vasculature. CVI, first introduced by
Agrawal et al. in 2016, is a relatively new biomarker for choroidal vasculature
[40]. This approach was developed based on the need for a more accurate
assessment of choroidal layers [41]. Since the introduction of this metric, the
application of CV1 has gained popularity. Additionally, CV1 has been applied to a
diverse array of retinal discases, such as diabetic choroidopathy, uveitis, central
serous chorioretinopathy, retinal vein occlusion, and many other conditions [4(,
44, 51 - 53]. Recent reports have shown that CV1 is a promising biomarker for the
diagnosis and follow-up evaluation of retinal diseases, among which diabetic
retinopathy and postoperative perfusional evaluation in severe TRD cases stand
out [54].

CONCLUDING REMARKS

In this chapter, we have attempted to correlate DRIL resolution, SD-OCT
structural findings, and other OCT-A wvascular plexus outcomes with
physiological, structural, and functional parameters. Some patients’ eyes showed
recovery of structural biomarkers with improved VD perfusion indices and
capillary structuring at the level of the vascular plexuses in the macula. The foveal
area remained irregular and enlarged without recovery data, indicating some
prognostic value that might correlate with the worst final visual acuity. However,
the data obtained from microperimetry, chromatic visual field, and mfERG
analyses did not lead to conclusive findings due to the small subset of eyes
included in reliable postoperative studies used in the corresponding statistical
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INL Inner nueclear layer

15/05 Inner segment/outer segment

logMAR  Logarithm of the minimum angle of resolution
mfERG  Multifocal electroretinography

MAITA Macular Integrity Assessment

MRS Macular retinal sensitivity

OCT-A  Optical coherence tomography angiography
OPL Outer plexiform layer

PDR Proliferative diabetic retinopathy
PPV Pars plana vitrectomy

PFO Perfluoro-n-octane

PRP Panretinal photocoagulation

RRD Rhegmatogenous retinal detachment

RPE Retinal pigment epithelium
RSAM  Retinal sensitivity analysis mapping

S0 Silicon oil

SLO Scanning laser ophthalmoscope
SSI Signal strength index

SVP Superficial vascular plexus
TRD Traction retinal detachment
VA Wisual acuity

VD Vessel density

VEGF Wascular endothelial growth factor

VH Vitreous hemorrhage
VT Vessel tortuosity
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