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Purpose: The aim of this study was to evaluate the macular and peri‑papillary blood vessel density 
following uncomplicated phacoemulsification in diabetics using optical coherence tomography 
angiography  (OCT‑A). Methods: An observational case‑control study was conducted on 60  patients 
eligible for phacoemulsification, divided equally into diabetic and control groups. Both study groups 
were matching in sex, age, and axial length. We excluded diabetic patients of any form of macular edema 
or treatment history for macular edema. All study participants were subjected to preoperative OCT and 
OCT‑A, which was repeated for all study population 1 month postoperatively. Results: We had a mean age 
of 54.5 ± 6.34 years in the non‑diabetic group and 57.2 ± 4.09 years in the diabetic group (P = 0.06). There 
was a significant increase in the mean value of the macular blood vessels density in the nasal area in both 
study groups (P = 0.047 in non‑diabetic group, P = 0.002 in the diabetic group). The percentage of the radial 
peripapillary capillary plexus vessel density  (RPCP VD) change was non‑significant on comparing the 
results for the diabetic group (mean preoperative value = 52.8 ± 4.47, postoperative = 52.0 ± 4.59, P = 0.204, ∆ 
is the preoperative‑postoperative value = 0.8), and also was non‑significant for the non‑diabetic group (mean 
preoperative value  =  50.9  ±  4.89, postoperative  =  52.1  ±  4.89, P  =  0. 0.090, ∆ =  ‑1.3). On comparing the 
results of the diabetic and nondiabetic groups, the RPCP VD ∆  was significantly different  (P  =  0.034). 
Conclusion: Uncomplicated phacoemulsification results in increase of the nasal macular blood vessel 
density in the normal population and in diabetic patients without retinopathy.
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A point of major concern in diabetic patients following 
cataract extraction is the detection and monitoring of 
postoperative vascular changes as accelerated retinopathy 
following cataract extraction might be considered a major risk 
factor for the post‑operative development and progression 
of macular edema. Optical coherence tomography  (OCT) 
does not provide direct information regarding retinal 
vascular changes, so fluorescein angiography  (FA) and 
indocyanine green angiography  (ICGA) still remain the 
standard imaging modalities to visualize and quantify retinal 
vascular changes.[1] However, FA and ICGA have limitations 
as they involve intravenous dye administration, and are 
time‑consuming (up to 20 minutes). Moreover, although the 
examined fields are wide, yet the provided scans are of low 
resolution, and 2 dimensional (2‑D) making the quantification 
of vascular changes difficult. The introduction of OCT 
angiography (OCTA) has addressed most of these limitations 
and has provided rapid, non‑invasive, high‑resolution 3‑D 
scans of the retinal and choroidal vasculature.[1] This study 
aims at investigating the effect of phacoemulsification on the 
retinal vasculature in the macular and peripapillary areas in 
diabetic using OCT‑A.

Methods
This is an observational case‑control study. The study protocol was 
approved by the Cairo University Research Ethical Committee. 
The study and data collection conformed to all local laws and 
were compliant with the principles of the declaration of Helsinki 
1964 and its later amendments. All data confidentiality was 
respected. 60 patients  (60 eyes) eligible for elective cataract 
surgery  (phacoemulsification) were recruited from the 
ophthalmology clinics in Cairo university hospitals in the 
interval between July 2018 and March 2019. The patients were 
divided into two groups:
	 Group A: 30 diabetic patients.
	 Group B: 30 non‑diabetic patients.

Patients were included in the study when media opacity 
due to cataract allowed scanning by OCT and OCT‑A. For both 
groups, we excluded patients with other retinal pathologies: 
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glaucoma, uveitis, amblyopia, or other systemic diseases, 
including diabetes mellitus for group B. In the diabetic group, 
we excluded cases with any form of macular edema as well as 
patients showing any form of diabetic retinopathy including 
hard exudates or hemorrhages to avoid unreliable scans 
which could result from their shadowing effect, we excluded 
scan quality less than 7/10. Also, cases who received previous 
treatment for diabetic retinopathy were excluded from our 
study as well. Both study groups were matching as regards 
age, sex, and axial length. Written and informed consent 
were obtained for all study participants after explaining the 
nature and the possible complications of cataract surgery and 
imaging modalities. All the study participants were subjected 
pre‑operatively to history taking, fasting blood sugar  (FBS) 
measurement, HbA1c, full ophthalmological assessment, and 
biometry (Sonomed, Escalon, PacScan Plus, India) as a part of 
pre‑operative preparation for cataract surgery.

Fluorescein angiography  (Topcon TRC‑50DX, Topcon 
medical system inc., 2015) was done to the diabetic patients 
to exclude patients showing any form of macular edema 
or diabetic retinopathy. OCT and OCTA were performed 
pre‑operatively and 1‑month postoperatively for all study 
groups. All patients were instructed to focus on a fixation 
target. OCTA images were obtained using the RTVue XR 
Avanti  (AngioVue; Optovue Inc, Fremont, California, USA) 
machine and the incorporated AngioVue OCTA system. The 
scans included in the study were of high signal strength more 
than 7/10 and they were carefully inspected for motion artifacts 
to ensure that the OCTA findings were not segmentation 
artifacts. Automatic segmentation of intraretinal layers was 
done using the automated software of the machine. The 
angiogram size of 6*6 mm for the angio retina scan and 
4.5*4.5 mm for the angio disc scan were chosen. Vessel density 
measurements were performed on the selected images; early 
treatment diabetic retinopathy study (ETDRS) grid overlay is 
centered on the foveal avascular zone (FAZ) of the Superficial 
capillary plexus  (SCP) and then the software automatically 
measured the vessel density of the SCP in percentage and 
displayed it; quantitatively in tables and qualitatively in 
color‑coded vessel density maps, where the areas of severe 
ischemia are color coded as dark blue. The macular vessel 
density was further evaluated on the co‑registered OCT en 
face intensity images and was correlated with the central 
macular thickness measured by OCT B‑scan images. We took 
3 measurements for each eye in the same setting and the 
resultant macular vessel density percentage is the average 
value of the three to substitute for inter‑scan variability. In the 
peri‑papillary area, the average radial peri‑papillary capillary 
plexus vessel density percentage (RPCP VD) and the average 
retinal nerve fiber layer (RNFL) thickness on the co‑registered 
OCT B‑scan images were taken. OCT and OCT‑A were done 
by a single operator  (masked) and phacoemulsification 
surgery was done for all patients by a single surgeon (author 
#4). Patients underwent standard phacoemulsification : 2 
side port incisions , superior 2.8 mm wound , with the use of 
visco‑cohesive viscoelastic  (1% sodium hyaluronate, Healon 
®; Pharmacia), stop and chop techniques[2] using infiniti 
phacomachine, Alcon, USA), with in‑the‑bag intraocular 
lens implantation of a single piece foldable hydrophobic 
acrylic intraocular lens (Acrysof, Alcon, USA). All study cases 
had the same postoperative treatment in form of combined 

tobramycin and dexamethasone (TobraDex eye drops and eye 
ointment, Novartis, USA) tapered gradually over one month. 
Complicated cases were excluded from the study.

Statistical analysis
Statistical analysis was performed using SPSS 16 for 
Windows  (SPSS Inc, Chicago, Illinois, USA). Quantitative 
variables were represented in the form of mean and standard 
deviation, while categorical variables were represented in the 
form of number and percentage. Chi square and student t tests 
were used for analysis. “P” of <0.05 was considered statistically 
significant. ∆ for a variable was calculated by subtracting the 
preoperative value from the postoperative value. Intra‑observer 
variability was judged by calculation of the mean of differences 
between repeated measurements in twenty randomly selected 
patients then intraclass correlation coefficient  (ICC) was 
obtained and is accepted, ICC = 0.96 (95% CI, 0.91–0.98).

Results
Study patients’ demographics are shown in Table  1. The 
diabetic group had a mean duration of diabetes of 4.5 (± 3.16) 
years. Ten patients of them (33%) were Insulin dependent. The 
excluded patients from our study either due to presence of 
another retinal pathology like age related macular degeneration 
or presence of macular edema/ischemia or history of treatment 
to diabetic retinopathy were all from the elderly population.

We analyzed the pre and post‑operative results for both study 
groups, for the non‑diabetic group, we had the following results: 
Central macular thickness (CMT) (preoperative = 243.5 ± 29.92 
µm, postoperative = 240.1 ± 35.41 µm, P = 0.616, ∆ CMT = 3.4 
µm), RNFL thickness  (preoperative  =  104.1  ±  16.95 µm, 
postoperative  =  109.1  ±  23.97 µm, P  =  0.060, ∆ RNFL 
=  ‑5.0 µm), and RPCP VD  (preoperative  =  50.9  ±  4.89%, 
postoperative = 52.1 ± 4.89%, P = 0.090, ∆ RPCP VD = –1.3%). 
The diabetic group had the following preoperative and 
postoperative results: CMT  (preoperative  =  235.8  ±  22.77 
µµm, postoperative =  241.3  ±  25.19 µµm, P = 0.350, ∆ CMT 
= ‑5.5 µm), RNFL thickness (preoperative = 113.1 ± 25.89 µm, 
postoperative  =  112.6  ±  23.36 µm, P =  0.790, ∆ RNFL =  0.5 
µµm), and RPCP VD  (preoperative  =  52.8  ±  4.47%, 
postoperative = 52.0 ± 4.59%, P = 0.204, ∆ RPCP VD = 0.80%). On 
comparing the results of the diabetic and non‑diabetic groups, 
only the RPCP VD ∆ was significantly different [Table 2].

For the sake of statistical analysis of the macular area vessel 
density we divided it into: Sub foveal (central) area, parafoveal 
area (will be further subdivided into: Nasal, temporal, inferior 
and superior areas), and perifoveal area  ( will be further 
subdivided into: Nasal, temporal, inferior and superior areas). 
On analysis an increase of vessel density was noted in most 
of areas [Fig. 1] but only the nasal areas showed a statistically 
significant change as regards the macular blood vessels density 
in both study groups [Tables 3 and 4].

Discussion
The relationship between cataract extraction and the 
post‑operative progression of diabetic retinopathy has been 
commonly investigated in literature, yet with no conclusive 
results.[3,4] In 2018, Zhennan Zhao, et  al.,[5] conducted a 
prospective study on 32 non‑diabetic patients to evaluate 
the changes in macular vasculature after uncomplicated 
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Figure 1: OCT‑A of study patient no. 36 diabetic group. (a) is the preoperative and (b) is the postoperative macular vessel density. Note an 
increase in the vessel density in all areas postoperatively

b
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phacoemulsification surgery using OCT‑A. They showed an 
agreement to our results as regard the post‑operative increased 
VD, however, unlike their study, our study specified the region 
of increased VD which was the nasal area. In their study, they 
attributed the post‑operative change in the VD to the decline in 
the IOP. Another theory was postulated by Hilton et al.,[6] who 
reported an increased pulsatile ocular blood flow after cataract 
surgery due to postoperative inflammation with the markedly 
upregulated expression of pro‑inflammatory genes and proteins, 
such as chemokine ligand 2 and interleukin‑1b detected in the 
neurosensory retina. These cytokines were reported to cause 
vessel dilation and a breakdown of the blood–retinal barrier. 
However, Hilton et al. study focused on pulsatile ocular blood 
flow, which comes mainly from the choroid.[6] Another possible 
explanation for the change in macular blood flow could be 
attributed to the increase in light exposure after cataract surgery. 
Whether the increased light exposure could lead to increased 
activity and more metabolic demands in the retina or not, this 
was not clear.[7] J. M. Katsimpris, et al.,[8] evaluated the central 
macular thickness by OCT in diabetic and non‑diabetic patient 
following cataract surgery, they showed agreement with our 
study as regard the increase of post‑operative central macular 
thickness in diabetic patients, however, their study disagreed 
with ours as regard the post‑operative central macular thickness 
in the control group, which showed no difference on long run 
follow up. This disagreement could be explained by their longer 
follow up period (up to 12 months). The main reason OCT A 
was done in our study after the first post‑operative month, 
was to attribute the possibly occurring vascular and thickness 
changes to the effect of phacoemulsification rather than the 
natural course of the disease.

In 2017, Bhaskar Jha, et  al.[9] did a prospective study on 
100 non‑diabetic healthy patients to assess the effect of 
phacoemulsification on measurement of retinal nerve fiber layer 

Table 3: Macular area vessel density in the diabetic group

Zone Preoperative Postoperative P

Central 13.37±6.45 13.70±11.47 0.082

Superior parafovea 44.63±10.32 44.23±7.40 0.338

Inferior parafovea 42.57±10.96 42.87±6.74 0.555

Nasal parafovea 41.23±8.55 41.83±7.09 0.647

Temporal parafovea 43.47±8.84 40.73±9.27 0.257

Superior perifovea 42.33±8.55 43.37±7.72 0.170

Inferior perifovea 42.47±8.33 44.07±8.00 0.789

Nasal perifovea 45.70±6.80 46.5±7.54 0.002
Temporal perifovea 38.07±8.02 37.47±7.98 0.259

Data are presented as mean±standard deviation. Macular blood vessel 
density in each zone is represented by percentage of the vascularized 
area

Table 1: Demographics of our study population

Variable Non diabetic group n=30 Diabetic group n=30 P

Mean age, year 54.50±6.34 57.20±4.09 0.060

Proportion of Female 
gender

73.30% 76.60% 0.766

Laterality (OD) 17 (56.70%) 20 (66.70%) 0.426

Mean FBS, mg/dL 91.8±8.97 199.9±40.69 <0.001

Mean AXL, mm 23.3±1.19 22.9±1.02 0.061
Mean HbA1C, mmol/mol 5.1±0.20 7.7±0.35 <0.001

FBS=Fasting blood sugar, AXL=Axial length, OD=Right eye

Table 2: Preoperative and postoperative results (Central macular thickness and RNFL thickness measured by OCT and 
RPCP VD measured by OCT A) in Both study groups

PDiabetic group n=30Non diabetic group n=30Variable

0.265235.8±22.77243.5±29.92Mean Central macular thickness Pre, µ

0.114113.1±25.89104.1±16.95Mean RNFL thickness Pre, µ

0.10852.8±4.4750.9±4.89Mean RPCP VD Pre, Percentage

0.320‑5.53.4Central macular thickness ∆ (pre‑post), µ

0.0970.5‑5.0RNFL thickness ∆ (pre‑post), µ
0.0340.80‑1.3RPCP VD ∆ (pre‑post), percentage

Data are presented as mean±standard deviation. RNFL thickness=Retinal nerve fiber layer thickness, RPCP VD=Radial peripapillary capillary plexus vessel 
density, Pre=Preoperative, Post=Postoperative

Table 4: Macular area vessel density in the non‑diabetic 
patients’ group

Zone Preoperative Postoperative P

Central 9.27±7.37 11.2±6.40 0.740

Superior parafovea 44.53±12.65 46.10±11.27 0.260

Inferior parafovea 42.83±12.35 44.00±10.81 0.436

Nasal parafovea 37.07±7.29 41.90±10.36 0.047

Temporal parafovea 39.97±7.95 43.77±8.16 0.234

Superior perifovea 47.13±8.69 46.50±8.78 0.595

Inferior perifovea 47.37±9.64 49.33±10.80 0.810

Nasal perifovea 49.97±7.42 50.63±8.52 0.197
Temporal perifovea 39.63±8.36 40.11±7.11 0.136

Data are presented as mean±standard deviation. Macular blood vessel 
density in each zone is represented by percentage of the vascularized 
area
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and optic nerve head parameters using spectral‑domain‑OCT. 
They showed an increase in RNFL thickness following cataract 
surgery in non‑diabetic patients. Their results were comparable 
to the results of Cheng et al.[10] and El‑Ashry et al.[11] who also 
reported a significant increase in RNFL thickness, this increase 
could be attributed to the release of inflammatory mediators 
which may lead to edema of the RNFL.[11] Bhaskar Jha, 
et al.[9] attributed the increase in post‑operative RNFL thickness 
to improvement in transmittance and reflectivity of the RNFL 
boundary after removal of opacified media and the intra‑ocular 
lens power magnification rather than actual RNFL thickening 
after cataract surgery . Van Dijk et al.[12] showed RNFL thinning 
in diabetic patients. The RNFL loss in diabetic retina has been 
attributed to the decreased perfusion of the retina and the 
optic nerve head  (ONH) which may cause greater ischemia 
leading to structural damage to the ganglion cells.[12] The exact 
mechanisms for inner retinal loss were not clear but have been 
implicated to lower perfusion and higher metabolic demands of 
the inner retina which make it more vulnerable to the metabolic 
stress induced by diabetes.[12] Yunkao Zeng, et al.[13] conducted 
a study to evaluate early retinal neurovascular impairment in 
patients with diabetes without clinically detectable retinopathy, 
they showed a decrease of the peri‑papillary VD in the diabetic 
patients when compared to the control. The change in VD might 
be due to the disruption of retinal neurovascular autoregulation, 
regulating the VD in response to metabolic demands.[14] Besides, 
in diabetics, chronic hyperglycemia leads to capillary endothelial 
cell injury which may lead to reduced VD in the retina.[13] There 
were some limitations in our study as regard the relatively 
small sample size and the relatively short follow up period. In 
addition, the presence of normative data for the OCTA will help 
to standardize the results and allow for accurate assessment. 
An idea for further research is repetition of the OCT‑A after a 
period of time to assure that any changes are surgery induced.

To the best of our knowledge, no previous studies specified 
the affected zones in the macula and addressed together with 
the peripapillary changes. We could attribute the increased 
nasal zone mean vascular density to the possibility of presence 
of the cilioretinal artery arising from the temporal aspect of the 
optic disc, it is known to be present in 6‑32%of the population 
and supplying the temporal retina in most of the cases,[15] with 
the main part of the artery being present in the nasal part of 
the macula. Unfortunately, we did not note the presence of 
the cilioretinal artery before the start of our research, however 
the increased mean macular blood vessel density was noted 
postoperatively in almost all zones although only the nasal zone 
showed a low significant difference [Tables 3 and 4].

Conclusion
We could conclude that phacoemulsification increases the 
macular blood vessel density in diabetics without retinopathy 
as well as in matched controls.
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