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Objective: To assess the effect of peribulbar anesthesia on retinal microvasculature in primary open-angle glaucoma (POAG) patients
undergoing cataract surgery using OCT Angiography.

Participants: Forty-nine patients undergoing cataract surgery were divided into two groups. Group I included patients with no history
of glaucoma, while group II included patients previously diagnosed as POAG with controlled IOP. Each participant received 6 mL of
peribulbar anesthetic injection of 4 mL lidocaine 2% containing 150 IU hyaluronidase and 2 mL bupivacaine 0.5%. They were
scanned with the OCT-A 10 minutes before and 10 minutes after injection for foveal deep (DCP), superficial (SCP) capillary plexuses
density and total vessel density, foveal avascular zone (FAZ) diameter, optic disc total vessel density, and radial peripapillary capillary
(RPC) network density. In addition, IOP was checked before and 10 minutes after injection.

Results: Median percent change in DCP post-injection was significantly greater in group II (—43%) than in group I (—2.5%) (P <0.001). Also,
DCP total density median percent change post-injection was significantly higher in group II (—21%) than in group I (—0.9%) (P <0.001). Foveal
SCP vessel density and total vessel density median percent change post-injection were —62.6% and —16.2%, respectively, in group Il and were
—2.6% and —1.1%, respectively, in group I, which are statistically significant (P < 0.001). The FAZ diameter median percentage change post-
injection was higher in group II (40.6%) than in group I (2.5%) (P < 0.001). Optic disc total vessel density and radial peripapillary capillary
(RPC) network density post-injection median percent change were significantly higher in group II (—13.6%) and (—13.1%) respectively than in
group I (—1.1%) and (—1.25%) respectively (P < 0.001).

Conclusion: Peribulbar anesthesia harbors a deleterious ischemic effect on the retinal vascular tree of glaucoma patients, which could
harmfully affect the vision and the visual field in those vulnerable patients.
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Summary

Primary Outcome: We aimed to evaluate the effect of local peribulbar anesthesia on the retinal microvascular tree using
the OCT-A. We compared that effect in patients with glaucoma to those without glaucoma.

Secondary Outcome: We monitored the change in IOP pre- and post-peribulbar anesthesia injection. We also monitored
patients’ heart rate, blood pressure, and respiratory rate during anesthesia injection.

Introduction
Local anesthesia techniques are widely used for ophthalmic surgeries all over the world. Those techniques include
peribulbar, retrobulbar and sub-tenon blocks.'? Several studies have shown that the peribulbar anesthesia injection

Clinical Ophthalmology 2022:16 2011-2024 2011
Received: 13 April 2022 © 2022 Awwad et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
Accepted: 10 June 2022 AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing the

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Published: 20 June 2022


http://orcid.org/0000-0001-7487-0955
http://orcid.org/0000-0002-4869-3518
http://orcid.org/0000-0001-8115-2775
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Awwad et al Dove

increases the intraocular pressure (IOP) with simultaneous reduction of ocular blood flow.** That effect could be credited
to the direct mechanical compression and the pharmacological actions of the peribulbar anesthesia.’

Glaucoma patients are known to have a reduced ocular blood flow compared to normal individuals.® They are more
vulnerable to hemodynamic alterations due to impaired retinal vessel autoregulation, which plays a significant role in the
pathology of glaucoma optic neuropathy.’

Researchers used many techniques to assess the ocular blood flow. For instance, laser Doppler flowmetry (LDF),
retinal function imager (RFI), laser speckle contrast imaging (LSCI), magnetic resonance imaging (MRI), optical
coherence tomography angiography (OCT-A), pulsatile ocular blood flowmeter (POBF), fundus pulsation amplitude
(FPA), color Doppler imaging (CDI), and Doppler optical coherence tomography (DOCT) are among those tools.®

Optical coherence tomography angiography (OCT-A) is a non-invasive technique that can provide angiographic
images of the retinal blood vessels.”'> OCT-A can detect the movement of blood, using motion contrast to detect blood
flow signal, by performing rapidly repeated scans at the exact location.'*'*

In this study, we used the OCT-A to assess the effect of peribulbar anesthesia on retinal microvasculature in primary
open-angle glaucoma patients undergoing cataract surgery by measuring the intraocular pressure (IOP) and retinal blood

flow and vascularity.

Patients and Methods

This is an observational, cross-sectional, comparative study performed on patients undergoing cataract surgery at Benha
University Hospital, Ophthalmology Department, between August 2021 and February 2022. We divided participants into two
groups. Group I included patients with no history of glaucoma, while group II included patients previously diagnosed with
primary open-angle glaucoma controlled with topical anti-glaucoma medications. We confirmed the diagnosis of primary
open angle glaucoma in Group II patients by reviewing the visual field and OCT optic disc images recorded in their files. The
regional institutional ethics review board of Benha University Hospital approved the study plan. Patient data remained
confidential in compliance with HIPAA regulations and the Declaration of Helsinki.

All patients included in this study were aged 18 years or older and were planned to undergo cataract surgery. All patients in
group II were confirmed to have controlled levels of IOP measured by the Goldmann applanation tonometer before surgery. In
addition, they were known to be compliant with topical anti-glaucoma medications in the previous follow-up visits. The
patient’s general condition was assessed against fitness for peribulbar anesthesia before participation in this study. Informed
consent was obtained from each patient. We excluded patients with a known allergic reaction to the substances used in
peribulbar injection, diabetic and hypertensive patients, patients with bleeding tendencies, and those with a coexisting ocular
disorder that might influence the retinal vascular status, including high myopia, uveitis, infection, retinal degenerations, retinal
dystrophies, and retinal vascular diseases. We also excluded patients with dense ocular media opacities and those with retinal
images artifacts in which we could not get good quality OCT-A images.

All patients had cataract surgery under local peribulbar anesthesia. They received 6 mL of an anesthetic mixture of
4 mL lidocaine 2% containing 150 IU hyaluronidase and 2 mL bupivacaine 0.5%. The peribulbar injection was done by
the anesthetist MAE through an inferior-temporal approach in all patients while monitoring pulse, blood pressure,
respiratory rate, and oxygen saturation. Gentle digital ocular massage was done immediately for 5 minutes after injection.
We used 1% tropicamide eye drops to dilate the pupil before capturing the OCT-A images. Each participant was scanned
with the OCT-A (OptoVue OCT-A, Fremont, CA) 10 minutes before and 10 minutes after injection of the peribulbar
anesthesia. For comparison, we selected the superficial capillary plexus (SCP) slab and the deep capillary plexus (DCP)
slab in 6.00x6.00 mm macular area. We also measured the foveal avascular zone (FAZ) diameter and the radial
peripapillary capillary (RPC) network density in a 4.5x4.5 mm area.

Blood flow was detected by the split-spectrum amplitude-decorrelation angiography (SSADA) algorithm. In addition,
Intraocular pressure (IOP) was measured for each eye 10 minutes before and 10 minutes after injection using the
Goldmann applanation tonometer.

Setting: Ophthalmology department, Benha University, Egypt.

Study design: Observational, cross-sectional, comparative study.
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Results

This study was conducted on patients undergoing cataract surgery at Benha University Hospital, Ophthalmology
Department, between August 2021 and February 2022. Participants were divided into two groups. Group I included
26 eyes with no history of glaucoma, while group II had 23 eyes previously diagnosed as primary open-angle glaucoma
controlled with topical anti-glaucoma medications.

General Characteristics
As shown in Table 1, no significant differences were observed between both groups regarding age (P = 0.258), sex (P = 0.509),
spherical equivalent (P = 0.382), axial length (P = 0.482), and side (P = 0.934).

Intraocular Pressure

No significant differences were noted between both groups regarding pre and post-injection IOP (P = 0.093 and 0.071,
respectively). Also, the median post-injection percent change in both groups was comparable (P = 0.864) (Table 2)
(Figure 1).

OCT-A Parameters

No significant difference was reported in the median DCP fovea before injection (P = 1.0), while after injection, it was
significantly higher in group I (11.6) than in group II (7.1) (P < 0.001). The median percent change post-injection was
significantly higher in group II (—43%) than in group I (—=2.5%) (P < 0.001) (Figures 2 and 3).

DCP total density was comparable in both groups before injection (P = 0.053). After injection, it was significantly
higher in group I (38.6 £3.7) than in group II (27.8 +5.7) (P < 0.001), and the median percent change post-injection was
significantly higher in group II (—21%) than in group I (—0.9%) (P < 0.001).

Before injection, FAZ showed no significant difference between both groups (P = 0.061). However, after injection,
it was significantly higher in group II (0.572 £0.042 mm?) than in group I (0.454 £0.046 mm?), with a significantly
higher median percent change post-injection in group II (40.6%) than group I (2.5%) (P < 0.001) (Figures 4 and 5).

Pre and post-injection ONH total vessel density were significantly higher in group I (32.1 +2.4 and 30.7 +6.1,
respectively) (Figures 6 and 7) than in group II (29 +£1.9 and 25.3 +4.4, respectively) (Figures 8 and 9). In addition, the

Table | General Characteristics of the Studied Groups

Group | (n = 26) Group Il (n = 23) P-value
Age (years) Mean +SD 58 +6 56 +7 0.258
Sex Males n (%) 16 (61.5) 12 (52.2) 0.509
Females n (%) 10 (38.5) 11 (47.8)
Spherical equivalent | Median (range) —1.12 (-3.5-3.25) —1.5 (-4.25-1) 0.382
Axial length (mm) Mean +SD 229 +0.6 23.1 +0.8 0.482
Side Right n (%) 15 (57.7) 13 (56.5) 0.934
Left n (%) Il (42.3) 10 (43.5)

Notes: Independent t-test or Mann Whitney U-test was used quantitative data. The Chi-square test was used for categorical data.

Table 2 Intraocular Pressure Before and After Injection

[o] 4 Group | (n = 26) Group Il (n = 23) P-value
Before Mean £SD 14 £2 15 £3 0.093
After Mean £SD 15 £2 174 0.071
Percent change | Median (range) 12.1 (0-33.3) 11.8 (0-50) 0.864

Notes: Independent t-test was used for pre and post-injection IOP. Mann Whitney U-test was used for percent change.
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Figure | Intraocular pressure before and after anesthesia injection in both groups.
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Figure 2 OCT-A of the DCP in patient number 4 in group Il before injection of peribulbar anesthesia.

median percent change post-injection was significantly higher in group II (—13.6%) than in group I (—1.1%)
(P <0.001).

In both groups, ONH peripapillary density was comparable before injection (P = 0.637). However, after surgery, it
was significantly higher in group I (27.4 £2.5) than in group II (23.4 £3.7) (P < 0.001), with a significantly higher
median percent change post-injection in group II (—13.1%) than group I (—1.25) (P < 0.001).

The median pre-injection SCP fovea was significantly higher in group I (9.4) than in group II (7.3) (P =0.017). Also,
post-injection, it was significantly higher in group I (9.3) than in group II (1.9) (P < 0.001). The median percent change
post-injection was significantly higher in group II (=62.6%) than in group I (—2.6%) (P <0.001) (Figures 10 and 11).

Before injection, SCP total density was significantly higher in group II (32 +3) than in group I (29.3 +2.6)
(P = 0.001). After injection, it was significantly higher in group I (28.9 £2.6) than in group II (27 +3.4) (P = 0.031)
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Figure 3 OCT-A of the DCP of patient number 4 in group Il after injection of peribulbar anesthesia.
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Figure 4 OCT-A of the FAZ of patient number 4 in group Il before injection of peribulbar anesthesia.
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Figure 5 OCT-A of the FAZ of patient number 4 in group Il after injection of peribulbar anesthesia.
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Figure 6 OCT-A of the ONH and peripapillary area of patient number 6 in group | before injection of peribulbar anesthesia.
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Figure 7 OCT-A of the ONH and peripapillary area of patient number 6 in group | after injection of peribulbar anesthesia.
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Figure 8 OCT-A of the ONH and peripapillary area of patient number 4 in group Il before injection of peribulbar anesthesia.
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Figure 9 OCT-A of the ONH and peripapillary area of patient number 4 in group Il after injection of peribulbar anesthesia.
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Figure 10 OCT-A of the SCP of patient number 4 in group Il before injection of peribulbar anesthesia.

Comment

Density (%) | Section Thickness (um)| 30 Display

274  Whole Image 255
@ 24.7  Superior-Hemi 258

29.8  Inferior-Hemi 253

27 Fovea 241 M
" EditBnd | 284  Parafovea 288 | QuickVue

26.7 - Superior-Hemi 289

302  -Inferior-Hemi 287

250 -Tempo 277

249 - Superior 290 |__Por|

312 - Nasal 298
En Face Siab 327  -Inferior 288 | showsnd
@ Superfical 283  PeriFovea 253
; Deep 26.3 - Superior-Hemi 256
P 303  -Inferior-Hemi 249 |
c 273 -Tempo 245 |7 Showines
6 260 - Superior 259
Upper - ILM N
Offset(um) 278 Nasa.l 262
’— 321  -Inferior 245
Lower -TFL Grid-based Vessel Density (%)
Offset(um) 216 248 26.7

264 243 305
280 317

https:

2018

Dove!

Clinical Ophthalmology 2022:16


https://www.dovepress.com
https://www.dovepress.com

Dove Awwad et al

HD Angio Retina Scan Quality 2/10 Right / OD

Ring Diameters (mm): 1.00. 3.00. 6.00

Vessel Density & OCT Thickness ILM-RPE 6:00 x6.00 Scan Size (mm)

Density (%) |Section Thickness (um)| 30 Display
218  WholeImage 254
233  Superior-Hemi 257
@ 203  Inferior-Hemi 251
00 Fovea 240 | HONEINTS
™ Edit Bnd 253 ParaFovea 286 QuickVue
29.2 - Superior-Hemi 288
214  -Inferior-Hemi 284
110 - Tempo 274
327 - Superior 289 L
L 322 - Nasal 296
R 254  -Inferior 285 | showend
@ Superfical 238  Perifovea 251
€ oe 253 - Superior-Hemi 255
P 223 -Inferior-Hemi 247 |
e 183  -Tempo 243 | shownes
i 29.7 - Superior 259
ey 194 - Nasal 260
278  -Inferior 243
Lower L Grid-based Vessel Density (%)
Offset(um) 217 328 295
9 93 154 187
177 279 231

P P e, [ ETORS Contour |7 r

¥ Auto Zoom QlQ

Print Multi Scans View Comment @E’D\/UE

Figure 11 OCT-A of the SCP of patient number 4 in group Il after injection of peribulbar anesthesia.

(Figures 12 and 13). In addition, the median percent change post-injection was significantly higher in group II (—16.2%)
than in group I (—1.1%) (P < 0.001). Table 3 and Figure 1 show OCT findings in both groups.

Statistical Methods

Data management and statistical analysis were done using SPSS version 28 (IBM, Armonk, New York, United States).
Quantitative data were assessed for normality using the Shapiro—Wilk test and direct data visualization methods.
According to normality testing, quantitative data were summarized as means and standard deviations or medians and
ranges. Categorical data were summarized as numbers and percentages. Quantitative data were compared between the
study groups using an independent ¢-test or Mann—Whitney U-test for normally and non-normally distributed quantitative
variables. Categorical data were compared using the Chi-square test. All statistical tests were two-sided. P values less
than 0.05 were considered significant.

Discussion
The effect of glaucoma on the retinal vascular tree has been extensively studied.'> Researches proved that the retinal
vessel caliber reduction is positively correlated with thinning in the retinal nerve fiber layer with a subsequent negative
effect on the visual field. Moreover, treatment with vasodilators like Calcium Channel Blockers improves ocular
perfusion and provides neuroprotection for the optic nerve.'>'® Therefore, it is of utmost importance to preserve
a stable ocular perfusion in such vulnerable glaucoma patients.

OCT-A is a dye-free, non-invasive, reliable, and easy to interpret tool used to assess the retinal microvascular tree. It
has been widely used to detect the effect of glaucoma on superficial and deep retinal capillary plexuses.'”'®

In 1999, Findl et al proved a fall in retinal blood flow following peribulbar anesthesia injection.” They used laser
interferometry to measure the pulsatile choroidal blood flow. They also used Doppler sonography to check the mean
blood flow velocity and resistive index in the ophthalmic artery and the central retinal artery. However, they did not
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Figure 12 OCT-A of the SCP of patient number 7 in group | before injection of peribulbar anesthesia.
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Figure 13 OCT-A of the SCP of patient number 7 in group | after injection of peribulbar anesthesia.
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Table 3 Pre and Post-Injection OCT Parameters in Both Groups

Group | (n = 26) Group Il (n = 23) P-value
DCP fovea
Before Median (range) 11.8 (7.4-18.6) 1.3 (7.8-18.4) 1.0
After Median (range) 11.6 (7.2-18.1) 7.1 (0.5-17.9) <0.001
Percent change Median (range) —2.5 (-6.9—0.6) —43.5 (-94.5—2.2) <0.001
DCP total density
Before Mean +SD 39 3.7 37.1 £3 0.053
After Mean +SD 38.6 £3.7 27.8 £5.7 <0.001
Percent change Median (range) —0.9 (-3.1-0) -21 (-50—0.7) <0.001
FAZ (mm?)
Before Mean +SD 0.444 +£0.042 0.42 £0.047 0.061
After Mean +SD 0.454 £0.046 0.572 +£0.042 <0.001
Percent change Median (range) 2.5 (-3.3-6.1) 40.6 (3.2-63.9) <0.001
ONH total vessel density
Before Mean +SD 32.1 £2.4 29 £1.9 <0.001
After Mean £SD 30.716.1 25.3 +4.4 0.001
Percent change Median (range) —1.1 (—89.3-0) —13.6 (—39.5-16.5) <0.001
ONH peripapillary density
Before Mean +SD 27.8 £2.5 274 £3 0.637
After Mean +SD 27.4 £2.5 234 +3.7 <0.001
Percent change Median (range) -1.2 (-2.9—0.3) —13.1 (-31.2—1.9) <0.001
SCP fovea
Before Median (range) 9.4 (5-13) 7.3 (2.7-13.4) 0.017
After Median (range) 9.3 (4.8-12.4) 1.9 (0-8.7) <0.001
Percent change Median (range) -2.6 (—-9-0) —62.6 (—100-56.2) <0.001
SCP total density
Before Mean +SD 29.3 +2.6 32 13 0.001
After Mean +SD 289 +2.6 27 +3.4 0.031
Percent change Median (range) =1.1 (-4-0) —16.2 (-26—1.7) <0.001

Note: Independent t-test or Mann Whitney U-test was used.

categorize patients into glaucoma and non-glaucoma ones. Watkins et al also used an Ocular Blood Flow tonometer to
measure the pulsatile ocular blood flow after retro- and peribulbar anesthesia injection. They declared a fall in ocular
blood flow following both methods of injection. They excluded glaucoma patients from their study, and they recom-
mended using other anesthetic techniques in patients with ocular vascular compromise.'®

Chang et al claimed that subconjunctival anesthesia does not affect the pulsatile ocular blood flow, while peribulbar
anesthesia significantly reduces it, but again, they excluded glaucoma patients from their study.?

The effect of anesthesia on ocular blood flow could be related to the direct mechanical compression or the
pharmacological effects of local anesthetics.”' In our study, the ischemic change in the retinal superficial and deep
retinal capillary plexuses was more significant in glaucoma patients than in those without glaucoma. Peripapillary
ischemia was significantly greater after peribulbar injection in the glaucoma group. The FAZ diameter got significantly
wider in the glaucoma group as well (Figure 14) (Table 3).
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Figure 14 Pre and post-injection OCT-A parameters in both groups.

In both groups, the IOP did not significantly change after the peribulbar injection, which points to the pharmacolo-
gical effect of the anesthetics on the compromised vascular tree of glaucoma patients. Although lidocaine and
bupivacaine are known for their vasodilator effect, they interfere with the local vascular control mechanisms, especially
the endothelial-derived nitrous oxide production. That would eventually result in vasoconstriction.>? Several studies have
reported a disturbance in the vascular autoregulation mechanism in glaucoma patients.®”>*** Researchers claimed an
elevated ocular endothelin-1 level with subsequent retinal vascular dysregulation in POAG patients. The retinal vascular
tree in those patients demonstrates a faulty response to various stimuli.>> An exaggerated vasoconstriction response to the
peribulbar anesthetic medications could explain the ischemic changes in the peripapillary area, SCP, DCP, and FAZ,
which were more pronounced in the glaucoma group.

We conclude that the peribulbar anesthesia harbors a deleterious ischemic effect on the retinal vascular tree of
glaucoma patients. That could harmfully affect the vision and the visual field in those vulnerable patients. Further studies
are needed to determine the long-term effect of peribulbar anesthesia on glaucoma patients. Perhaps ophthalmologists
should consider other local anesthesia techniques like sub-tenon and topical anesthesia for glaucoma patients.
Anesthetists should also consider using other anesthetic agents that lessen the ischemic effects on the retina.

Strengths and Limitations of This Study
e To the best of our knowledge, this is the first study to use OCT-A to assess the effect of peribulbar anesthesia on the

retinal vascular tree.
e This is also the first study to compare that effect on glaucoma versus non-glaucoma eyes.
e The relatively small sample size and the single-center setting of the study are the main limitations.

Data Sharing Statement

The datasets of this study are available from the corresponding author on reasonable request.
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