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Introduction and objectives: Sub-Tenon anesthesia techniques are commonly
employed in ophthalmology. However, there is speculation that these techniques
may have hemodynamic effects on the eye, potentially affecting patients with
impaired ocular perfusion. This study aims to evaluate the impact of sub-Tenon
anesthesia during cataract surgery on retinal vessel density (VD) and perfusion
density (PD) in eyes affected by diabetic maculopathy (DM) or retinal vein occlu-
sion (RVO), using optical coherence tomography angiography (OCTA).
Methods: The study included 20 patients receiving sub-Tenon anesthesia with
unpreserved mepivacaine 2% for unilateral cataract surgery: 10 with DM and 10
with RVO, analyzing a total of 40 eyes (20 treated and 20 untreated). Blood pres-
sure, intraocular pressure (IOP), and retinal microvascular changes measured via
OCTA (VD, PD) were documented before and shortly after sub-Tenon anesthesia.
The contralateral eye, which did not receive anesthesia, served as a control.
Results: A negative association between sub-Tenon anesthesia to VD and
PD was observed, with a VD-change of —1.5 + 2.8 mm/mm? (p = 0.02) in the
treated eye compared to 0.7 + 34 mm/mm? in the untreated eye (p = 0.36) and a
PD-change of —=3.7 + 7.0% (p = 0.029) in the treated eye compared to 1.6 + 8.2%
in the untreated eye (p = 0.38), suggesting a potential hemodynamic effect of
sub-Tenon anesthesia. However, the quality of OCTA images strongly influenced
these findings. After excluding lower-quality images (signal strength index <6),
no statistically significant difference was observed between the intervention and
control eyes, indicating a false positive correlation due to image artifacts. In the
overall population, no significant changes in blood pressure and intraocular pres-
sure were observed before and after the injection.

Conclusion: This study did not prove retinal microvascular changes associated
with sub-Tenon anesthesia. The observed VD and PD reductions were likely
caused by OCTA image artifacts rather than true hemodynamic changes.

KEYWORDS
cataract surgery, diabetes, intraocular pressure, local anesthesia, mepivacaine,
perfusion, retinopathy, sub-Tenon

Introduction

Sub-Tenon anesthesia for ocular surgery was introduced by Stevens (1992) and is widely
used, due to its ease of administration, effectiveness, and safety profile (Adekola et al., 2018).
The sub-Tenon’s block is employed in various procedures, including cataract, strabismus, and
vitreoretinal surgery. This technique entails the transconjunctival administration of an anes-
thetic solution into the potential sub-Tenon space with a blunt canula. Its purpose is to deliver
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effective analgesia and in higher dosage akinesis, while reducing the
risks associated with sharp needle techniques, such as globe perfora-
tion, retrobulbar hemorrhage, optic nerve injury, and accidental injec-
tion into the subarachnoid space (Kumar and Dodds, 2006; Kumar et
al.,, 2005). Research has indicated that it is at least as effective as perib-
ulbar anesthesia (Parkar et al., 2005; Guise, 2012; Antony et al., 2022).

Despite its advantages, concerns have been raised about the
potential hemodynamic effects of the sub-Tenon technique on ocular
perfusion (Cogkun et al., 2014; Kumar et al., 2011; Fry and Ring, 2008;
Feibel and Guyton, 2003). Coskun et al. (2014) suggested that sub-
Tenon anesthesia decreased ocular blood flow significantly by using
color doppler imaging. While various studies suggest that the rise in
pressure is mainly a result of the volume effect caused by the local
anesthetic agent being forcefully injected into the restricted space of
the bony orbit (Fry and Ring, 2008). Larger volumes of injectate may
lead to a more significant increase in IOP, but also factors such as the
orbital volume, the tension in the extraocular muscles, orbital septum,
and the conjunctival/Tenons incision acting as a pressure valve, influ-
ence this potential rise (Alwitry et al., 2001). Further, it is hypothe-
sized that touching the arterioles with the tip of the blunt cannula
could result in a spasm, which would cause vessels to close. This
mechanism has been demonstrated by Lende et al. in an experiment
with cats (Ellis, 1964). Finally, injecting anesthetic solution into the
sub-Tenon space might lead to pharmacological vasoconstriction
caused by the high local concentration of the anesthetic drugs (Creese
etal, 2017; O'Day et al., 2019; Chen, 2017; Meyer et al., 1993; Watkins
et al,, 2001). The hypothesis is that the anesthetic drugs either inhibit
endothelium-dependent relaxation of the ciliary arteries or attenuate
the activity of the vasodilatory nerves (Hulbert et al., 1998). Hereby
they alter the blood flow dynamics and decrease the pulsatile ocular
blood flow (Riischen et al., 2003). This may result in a temporary
decrease in vessel density (VD) and perfusion density (PD) at the reti-
nal microvascular level.

Due to concerns about retinal ischemia following sub-Tenon
anesthesia, some publications have periodically reiterated recommen-
dations to avoid its use in patients with compromised retinal perfusion
(Riischen et al., 2003). According to different authors this concern is
especially relevant for patients with diabetic retinopathy or maculopa-
thy (DM), and retinal vein occlusion (RVO) (Creese et al., 2017;
Pianka et al., 2001; Enz et al., 2022). These conditions are character-
ized by impaired autoregulation, endothelial dysfunction, and struc-
tural microvascular loss, including capillary non-perfusion, increased
retinal vascular permeability, and ischemia-related macular edema
(Haydinger et al., 2023). Consequently, the hemodynamic response to
sub-Tenon anesthesia may differ from that in eyes without pre-exist-
ing vascular disease, with greater pressure dependence and reduced
ability to compensate for transient decreases in perfusion (Kohner et
al,, 1995). Any additional disruption of retinal perfusion could exac-
erbate pre-existing conditions, potentially leading to adverse visual
outcomes (Kohner et al., 1995).

Optical coherence tomography angiography (OCTA) is a rela-
tively new imaging modality that allows non-invasive visualization of
the retinal microvasculature. OCTA can provide detailed maps of
retinal blood flow and is an excellent tool for assessing retinal micro-
vasculature (Gandhi et al., 2024). It is a non-invasive imaging tech-
nique that provides several benefits over conventional angiography
methods, such as fluorescein (Kwiterovich et al., 1991) or indocyanine
green (Yannuzzi et al., 2012) angiography. Being non-invasive, OCTA
does not require the injection of a dye into the patient’s bloodstream,
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thereby eliminating the risks associated it: anaphylaxis, nausea, vomit-
ing, rash, or skin and urine discoloration (Chua et al., 2024). However,
image artifacts, due to movement, blinking, alteration of corneal sur-
face refractive index or other irregularities, can affect the quality and
accuracy of the OCTA scans, potentially leading to false-positive find-
ings (Anvari et al., 2021).

This study aims to investigate the effects of sub-Tenon anesthesia
on retinal microvasculature in patients with DM or RVO undergoing
cataract surgery. By using OCTA, we assessed VD and PD before and
after anesthesia, while also considering the impact of image’s quality
on the reliability of our results.

Methods

This prospective, monocentric study included patients suffering
from DM or RVO scheduled for cataract surgery at the Cantonal
Hospital Aarau, Switzerland, and was approved by the Ethics
Committee Northwest and Central Switzerland (EKNZ; approval ID
2019-01689). We excluded eyes with ocular ischemic syndrome;
uncontrolled ocular hypertension (baseline IOP >25 mmHg) or
recent IOP-lowering procedures (<4 weeks); carotid artery stenosis;
severe or unstable cardiovascular disease; severe or uncontrolled
hypertension; hematological disorders affecting viscosity or oxygen-
carrying capacity; active uveitis/infection; recent intraocular surgery
(<3 months); media opacity other than cataract; or low-quality OCTA
imaging. No formal a priori sample size calculation was performed
because the study was exploratory. All procedures were performed in
accordance with the Declaration of Helsinki and applicable national
laws and regulations. The study population consisted of 10 patients
diagnosed with DM and 10 with RVO.

Intervention day

At the day of planned intervention, the patients included in the
study underwent the following measurements in the pre-operative
room: bilateral pupil dilation, blood pressure (BP) was recorded using
a standard automated cuff, intraocular pressure (IOP) was measured
using iCare tonometry (iCare Finland OY, Vantaa, Finland) on both
eyes, and VD and PD was assessed using OCTA (Spectral-Domain
Cirrus HD-OCT 5000, Carl Zeiss Meditec, Dublin, USA) on both
eyes, immediately before and immediately after the sub-Tenon anes-
thesia was applied on the eye planned to receive same day cataract
surgery. The contralateral eye was examined to serve as control to
strengthen the robustness of the comparative analysis. After cataract
surgery no further images were taken (Figure 1).

As described in previous studies, for the sub-Tenon anesthesia,
the ocular surface was initially anesthetized with Tetracaine 1% eye
drops, the area around the eye was thoroughly cleaned, and the ocular
surface was disinfected with a 5% povidone-iodine solution for 90 s
(Enz et al., 2022). Patients were positioned to look upwards and later-
ally, and a minor incision was made into the conjunctiva and Tenon’s
capsule at the inferomedial quadrant. The Tenons tissue was gently
dissected from the sclera using a blunt scissor. A syringe with a blunt
cannula was then carefully advanced behind the globe’s equator. Two
ml of preservative free mepivacaine 2% with additives solution, suf-
ficient amount for analgesia (Tsatsos et al., 2011), were injected into
the space between the sclera and Tenon in proximity to the posterior
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pole, while care was taken to avoid excessive pressure on the globe.
Mepivacaine is considered to have the least pronounced vaso-con-
strictive effect (Sung et al., 2012; Lindorf, 1979).

Immediately after the application of the anesthesia all above-
described measurements were re-assessed on both eyes. Subsequently,
to ensure that the same retinal region examined was assessed pre- and
post-interventionally, the follow-up OCTA imaging modality was
employed. During imaging, the investigators assessed the signal
strength index (SSI), as well as the quality of the images regarding
image clarity, media opacities, ocular saccades, and presence of blink
or other artifacts. Only the best images were selected for postprocess-
ing. In few cases either no OCTA image at all or only of very low
quality could be captured post-interventionally. In these cases, the
patient was excluded from the study. Subsequently the patient was
prepped again for the planned cataract surgery.

OCTA analysis

All scans were analyzed using Cirrus OCTA software (AngioPlex
Metrix version 11.0). The OCTA scans (3x3mm or 6x6mm) were cen-
tered on the fovea and the superficial capillary plexus (SCP) vessel
density (VD) and perfusion density (PD) were assessed automatically
in an 1 mm diameter foveal area circle (central), a 3 mm parafoveal
area diameter annulus outside the fovea (inner), and the entire macular
area (full) according to the ETDRS-style. As described by Guemes-
Villahoz et al. (2021) VD is defined as the total length of perfused vas-
culature per unit area (mm/mm?), while PD as the area of perfused
vasculature per unit area within the region of interest (%). The data
were analyzed to assess changes in the superficial capillary plexus.

Statistical analysis

The primary outcome was defined as the change in vessel density
(VD) and perfusion density (PD) before and after the administration
of sub-Tenon anesthesia. Statistical analysis was performed with
GraphPad Prism version 10.4.0. Continuous variables are reported as
mean = standard deviation, categorical variables as number. After test-
ing for normal distribution, paired t-test was used to compare pre-
and postinterventional changes. p-values < 0.05 were considered
statistically significant. To analyze correlation between image quality
and VD or PD respectively, the Pearson correlation coefficient was
calculated using all available measurements (n = 80).
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Results

Among the 20 patients included in the study, the mean age was
69.8 £ 10.2 years, with 11 females and 9 males. All patients completed
the study without any significant adverse events related to anesthesia.

OCTA findings

Initially, a correlation between sub-Tenon anesthesia and a reduc-
tion in retinal perfusion was observed. In the treated eyes, the mean
VD in the superficial capillary plexus of the macular area (full)
decreased by —1.5+2.8 mm/mm?, from 14.4 + 3.7 mm/mm’ pre-
anesthesia to 12.8 + 4.0 mm/mm? post- anesthesia (p = 0.02). Similarly,
the PD reduced from 30.2 + 6.4% to 26.5 + 7.0% which correlates to a
reduction of —3.7 = 7.0% (p = 0.03). In the control eyes the mean VD
in the superficial capillary plexus of the macular area (full) was reduced
by 0.7 + 3.4 mm/mm?’ (p = 0.36) while the PD reduced by 1.6 + 8.2%
(p = 0.38) (Tables 1-3; Figure 2). This difference between treated and
control eyes in regard to the VD (p = 0.02) as well as the PD (p = 0.03)
suggested that sub-Tenon anesthesia might lead to temporary hypo-
perfusion in the retinal microvasculature.

However, upon further analysis, it was found that some of the post-
anesthesia OCTA images obtained were of low quality - defined as SSI
below the manufacturer’s recommended threshold (< 6) (Tables 1-3).
Hence, we further investigated whether the poor image quality might
be responsible for the postinterventional reduction seen in VD and PD
measurements. The Pearson’s correlation coefficient (r) showed a
strong correlation between image quality and VD or PD. It was 0.76
(95% CI 0.65-0.84, p < 0.0001, n = 80) for VD (full) and image quality,
and 0.72 (95% CI 0.60-0.81, p < 0.0001, # = 80) for PD (full) and image
quality, respectively. Consequently, as part of a secondary analysis the
statistical significance of the change in VD and PD before and after
sub-Tenon anesthesia was re-examined after exclusion of lower quality
images. Similarly to equivalent studies, such as the one performed from
Yao et al., images of quality index below 6 were excluded. In total, 3
images of 3 patients were excluded. In this new analysis, the postinter-
ventional VD and PD reduction were no longer statistically significant
(Table 4). Table 3 depicts how OCTA image quality declined in inter-
vention eyes versus controls (—8.5% vs. + 3.4%). In the full cohort, VD
inner, VD full, and PD full showed statistically significant reductions
(p ~ 0.03) that disappeared after quality filtering, while central metrics
were non-significant with high variability. These apparent VD/PD
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TABLE 1 Descriptive information of patients with diabetes mellitus (n = 10).

Diabetes mellitus Pre intervention Post intervention p-value Change in Change in %
absolute value

Age (years) 63.7 (9.9)

Sex”, female/male 5/5

Systolic BP (mmHg) 145.2 (37.1) 145.6 (34.9) 0.94 0.4 (17.1) 0.3

Diastolic BP (mmHg) 87.7 (18.7) 82.4(15.2) 0.32 —5.3(15.9) —6.0

Intervention eye

IOP (mmHg) 18.2 (4.9) 17.6 (4.9) 0.67 -0.4 (2.9) =22

Time to intervention (min) 11.5 (6.8)

Time after intervention (min) 9.1(7.1)

Quality of OCTA 8.4 (1.5) 7.6 (2.1) 0.10 —0.8 (1.4) -9.5

VD (mm/mm?) central 8.3(4.3) 7.4(2.8) 0.53 -0.8 (4.2) -9.6

VD (mm/mm?) inner 15.2 (4.5) 14.8 (4.6) 0.25 -1.4(3.7) -9.2

VD (mm/mm?) full 15.9 (3.5) 14.1 (3.9) 0.12 -1.8(3.4) -11.3

PD (%) central 16.7 (9.1) 14.0 (5.0) 0.40 —2.7(9.6) -16.2

PD (%) inner 32.2(7.5) 29.7 (8.2) 0.41 -2.5(9.3) -7.8

PD (%) full 33.3 (6.6) 28.4(6.3) 0.11 —4.7 (8.4) —14.1

Control eye

IOP (mmHg) 17.7 (5.5) 18.7 (5.3) 0.25 1.0 (2.5) 5.6

Time to intervention (min) 11.0 (7.2)

Time after intervention (min) 11.4 (6.5)

Quality of OCTA 8.9(1.4) 9.2 (1.0) 0.40 0.3 (1.1) 3.4

VD (mm/mm?) central 9.1(3.8) 9.4 (3.6) 0.73 0.4 (3.1) 44

VD (mm/mm?) inner 16.4 (3.8) 16.8 (3.2) 0.62 0.3 (1.9) 1.8

VD (mm/mm?) full 15.5(3.5) 16.1 (2.8) 0.25 0.6 (1.5) 3.9

PD (%) central 19.1 (12.4) 19.1 (9.6) >0.99 0.0 (7.5) 0.0

PD (%) inner 34.1 (6.5) 343 (5.2) 0.90 0.2 (4.4) 0.6

PD (%) full 32.2(6.1) 33.1 (4.0) 0.38 0.9 (7.2) 2.8

Values are presented as mean (standard deviation), except for variables marked with #, which are reported as counts. p-values were calculated using the paired t-test. IOP = intraocular
pressure; BP = blood pressure; OCTA = Optical Coherence Tomography Angiography; VD = vessel density; PD = perfusion density; Change (absolute) = numerical change from pre- to
postintervention (in the original units of the variable), Change (%) = the relative change of the mean from pre- to postintervention, expressed as a percentage.

decreases likely reflect image-quality artefacts rather than true perfu-
sion changes. To further assess whether the observed post-intervention
OCTA changes persisted after accounting for image-quality-related
artefacts (i.e., potential confounding by scan quality), we conducted—
as an additional statistical approach—a patient-level difference-in-
differences (DiD) sensitivity analysis adjusting for inter-eye and
longitudinal differences in OCTA image quality. Using a patient-level
DiD regression in GraphPad Prism [DiD (outcome) ~ mean-centered
DiD (image quality)], image quality was a strong predictor of OCTA
changes (e.g., VD full p=1.733, 95% CI 1.245-2.222; p < 0.0001).
Importantly, the quality-adjusted DiD effect (intercept at mean quality)
was not different from zero (VD full 0.910, 95% CI — 0.458 to 2.277;
p=0.179), and results were consistent across VD regions (central
p =0.557; inner p = 0.301) and perfusion metrics.

Intraocular pressure and blood pressure

No significant differences were observed in IOP between treated and
control eyes before and after sub-Tenon anesthesia (Tables 1-3). The
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mean IOP in the treated eyes increased by 0.2 + 3.3 mmHg (mean + SD)
(p = 0.76), while in the control eyes, the increase was 0.0 + 2.7 mmHg
(mean + SD) (p = 0.97). Similarly, BP changes from baseline were mini-
mal, with a mean change of —3.7 + 14.5 mmHg in the systolic BP (change
—2.4%) and 0.4 + 15.1 mmHg in the diastolic BP (change 0.5%) (p = 0.27
and 0.91 respectively). However, when the RVO subpopulation was ana-
lyzed separately; a slight statistically significant increase in systolic BP was
observed after the anesthesia injection (p = 0.05).

Discussion

Even though sub- Tenon anesthesia is regarded as a safe and
favored procedure, some cases of retinal ischemia have been reported
over the years. Possible explanations of this complication are related
to an increase in IOP, formation of a retrobulbar hemorrhage, or
compression of blood vessel, while patients with compromised retinal
perfusion or significant cardiovascular risk factors are considered
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TABLE 2 Descriptive characteristics of patients with retinal vein occlusion (n = 10).

10.3389/fnins.2026.1759889

Retinal vein occlusion Pre intervention Post intervention p-value Change in Change in %
absolute value

Age (years) 76.0 (6.1)

Sex”, female/male 6/4

Systolic BP (mmHg) 167.9 (21.2) 160.1 (21.1) 0.05 —7.8(10.8) —4.6

Diastolic BP (mmHg) 85.6 (13.8) 91.7 (10.9) 0.16 6.1(12.4) 7.1

Intervention eye

IOP (mmHg) 17.5(5.3) 18.3 (4.1) 0.51 0.9 (3.8) 5.1

Time to intervention (min) 10.2 (5.4)

Time after intervention (min) 6.2 (3.1)

Quality of OCTA 7.9 (1.4) 7.4(1.8) 0.14 —-0.5(0.97) —6.3

VD (mm/mm?) central 6.3 (3.5) 4.7 (3.6) 0.07 —1.7 (2.6) -27.0

VD (mm/mm?) inner 14.3 (3.4) 12.2 (4.3) 0.03 —2.0(2.6) -14.0

VD (mm/mm?) full 12.8 (3.3) 11.6 (4.0) 0.11 —-1.2(2.1) —9.4

PD (%) central 13.0(7.9) 9.1(7.1) 0.05 -3.9(5.5) -30.0

PD (%) inner 30.7 (5.9) 25.7 (8.0) 0.05 —4.9 (6.9) -16.0

PD (%) full 27.3 (5.0) 24.6 (7.4) 0.15 —2.7(5.6) -9.9

Control eye

IOP (mmHg) 16.2 (3.4) 15.3 (3.0) 0.31 -0.9 (2.7) —5.6

Time to intervention (min) 11.3(7.9)

Time after intervention (min) 9.5(3.4)

Quality of OCTA 8.5(1.7) 8.7(1.2) 0.73 0.2 (1.8) 24

VD (mm/mm?) central 8.5 (4.5) 9.0 (3.2) 0.79 0.5 (5.8) 5.9

VD (mm/mm?) inner 16.4 (5.5) 17.6 (3.5) 0.49 1.3 (5.5) 7.9

VD (mm/mm?) full 15.9 (4.7) 16.7 (3.3) 0.60 0.8 (4.6) 5.0

PD (%) central 16.5 (9.9) 17.7 (7.0) 0.79 1.2(13.8) 7.3

PD (%) inner 33.1(9.8) 36.5 (6.9) 0.44 3.5(13.7) 10.6

PD (%) full 32.6 (8.3) 35.0 (6.9) 0.53 2.4 (11.4) 7.4

Values are presented as mean (standard deviation), except for variables marked with #, which are reported as counts. p-values were calculated using the paired t-test. IOP = intraocular
pressure; BP = blood pressure; OCTA = Optical Coherence Tomography Angiography; VD = vessel density; PD = perfusion density; Change (absolute) = numerical change from pre- to
postintervention (in the original units of the variable), Change (%) = the relative change of the mean from pre- to postintervention, expressed as a percentage. Bold values indicate statistically

significant results (p < 0.05).

high-risk (Kumar et al., 2011). Transient or permanent central retinal
artery occlusions because of sub-Tenons anesthesia have been
described in 1982 by Klein et al. (1982), in 2003 by Feibel and Guyton
(2003), and in 2008 by Fry et al. Fry and Ring (2008). These occlu-
sions were observed even in the absence of orbital hemorrhage, and
a spasm of the central retinal artery—either pharmacologically
induced or due to a compressive effect—was suspected (Feibel and
Guyton, 2003). In contrast to the current study, four patients
described by Klein et al. were diagnosed with either a severe hema-
tologic disorder, including sickle cell retinopathy in two cases, or a
vascular pathology, which encompassed diabetic retinopathy, carotid
artery insufficiency associated with ocular ischemia, and neovascular
glaucoma.

The initial results of the current study appeared to show a
reduction of both VD and PD following anesthesia, which could
have confirmed previous concerns about the hemodynamic
impact of this technique (Coskun et al., 2014; Enz et al., 2022).
However, upon closer examination, the reduction in VD and PD
was found to be associated with lower-quality OCTA images,
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which were likely a result of the intervention related artifacts such
as surface irregularities caused by Betadine application, dry eye,
instable tear film, presence of blood or mucus and debris around
the injection site. A previous OCTA study examining the effects
of sub-Tenon anesthesia similarly described a greater signal
reduction in interventional than in controls eyes (Enz et al., 2022),
while Czaké et al. (2019) and other researchers have already
emphasized the influence of images quality on OCTA metrics and
that it can potentially lead to misinterpretations. In the current
study, once 3 low quality images were excluded, no significant
reduction in VD or PD was any longer observed. What further
supported that that the observed VD/PD reductions reflect mea-
surement artefact rather than a true hemodynamic effect is that
the Quality-adjusted DiD regression demonstrated that the appar-
ent OCTA changes were largely driven by image-quality variation
and were no longer present after adjustment.

The manifestation of OCTA artifacts during picture acquisition
is a common and known challenge. A variety of studies has reported
that the prevalence of OCTA artifacts can be up 89.4-97% (Holmen
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TABLE 3 Descriptive information of all patients (n = 20).

10.3389/fnins.2026.1759889

All patients Pre intervention Post intervention p-value Change in Change in %
absolute value

Age (years) 69.8 (10.2)

Sex”, female/male 11/9

Systolic BP (mmHg) 156.6 (31.6) 152.9 (29.0) 0.27 —3.7 (14.5) —2.4

Diastolic BP (mmHg) 86.7 (16.0) 87.1(13.7) 091 0.4 (15.1) 0.5

Intervention eye

IOP (mmHg) 17.8 (5.0) 18.0 (4.4) 0.76 0.2 (3.3) 1.1

Time to intervention (min) 10.9 (6.0)

Time after intervention (min) 7.7 (5.5)

Quality of OCTA 8.2(1.4) 7.5(1.9) 0.02 -0.7 (1.2) -85

VD (mm/mm?) central 7.3 (3.9) 6.0 (3.4) 0.11 —-1.3(3.4) -17.8

VD (mm/mm?) inner 15.2 (4.0) 13.5 (4.5) 0.02 -1.7(3.1) 11.2

VD (mm/mm?) full 14.4 (3.7) 12.8 (4.0) 0.02 -1.5(2.8) —10.4

PD (%) central 14.9 (8.3) 11.6 (6.5) 0.07 -3.3(7.6) -22.1

PD (%) inner 31.4(6.7) 27.7 (8.1) 0.05 —3.7 (8.0) —-11.8

PD (%) full 30.2 (6.4) 26.5 (7.0) 0.03 —3.7(7.0) -12.3

Control eye

IOP (mmHg) 17.0 (4.5) 17.0 (4.5) 0.97 0.0 (2.7) 0.0

Time to intervention (min) 11.2(7.4)

Time after intervention (min) 10.5 (5.1)

Quality of OCTA 8.7 (1.5) 9.0 (1.1) 0.44 0.3 (1.4) 34

VD (mm/mm?) central 8.8 (4.1) 9.2 (3.3) 0.67 0.4 (4.5) 4.5

VD (mm/mm?) inner 16.4 (4.6) 17.2 (3.3) 0.39 0.8 (4.0) 4.9

VD (mm/mm?) full 15.7 (4.1) 16.4 (3.0) 0.36 0.7 (3.4) 45

PD (%) central 17.8 (11.0) 18.4(8.2) 0.81 0.6 (10.8) 3.4

PD (%) inner 33.6 (8.1) 35.4 (5.7) 0.42 1.8 (10.0) 5.4

PD (%) full 32.4(7.1) 34.0 (5.6) 0.38 1.6 (8.2) 4.9

Values are presented as mean (standard deviation), except for variables marked with #, which are reported as counts. p-values were calculated using the paired t-test. IOP = intraocular
pressure; BP = blood pressure; OCTA = Optical Coherence Tomography Angiography; VD = vessel density; PD = perfusion density; Change (absolute) = numerical change from pre- to
postintervention (in the original units of the variable), Change (%) = the relative change of the mean from pre- to postintervention, expressed as a percentage. Bold values indicate statistically

significant results (p < 0.05).

et al., 2020). Such artifacts can impair the reliability of the OCTA
analysis since they might potentially misrepresent blood vessels and
their morphology, mask certain pathologies in the vascular plexus
of the retina and hereby lead to misinterpretations. There are differ-
ent reasons and types of OCTA artifacts. Most commonly seen are
motion artifacts due to saccades, blinking, or head motion that lead
to disruptions in the image’s continuity despite eye-tracking mecha-
nisms (Lauermann et al., 2018); further common artifacts appear
due to signal attenuation factors usually as a result of an element
obstructing the light transmission (such as cataracts, floaters, debris
in the tear film) (Anvari et al., 2021); and finally segmentation
errors (Lauermann et al., 2018). However, the presence of OCTA
artifacts does not necessarily result in the total exclusion of the
image. When the images are manually controlled and evaluated, to
assess the extent and the potential scale of the artifact’s impact, they
can still be eligible for further analysis (Holmen et al., 2020). For
this purpose, in this study for each eye multiple images were taken,
those with the least relevant artifacts and the best quality were
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further analyzed, in cases where no good images could be obtained
for either the intervention or the control eye the patient was totally
excluded from the study.

Our study found no evidence of negative hemodynamic effects on
the retinal microvasculature in patients with pre-existing perfusion
deficits, which is particularly reassuring for ophthalmic surgeons who
favor sub-Tenon anesthesia for ocular procedures. The absence of sig-
nificant changes in IOP or systemic BP further supports the safety of
sub-Tenon anesthesia, even in patients with compromised retinal
microvasculature. Our findings are consistent with the broader litera-
ture indicating that, sub-Tenon anesthesia has minimal or no impact
on IOP (Enz et al., 2022; Pianka et al.,, 2001; Alwitry et al.,, 2001). To
our knowledge this is the first study examining the effects of sub-
Tenon anesthesia on eyes with compromised retinal perfusion. In
addition, our study highlights the importance of image quality when
interpreting OCTA results. Artifacts can lead to false-positive find-
ings, which could be mistakenly attributed to real physiological
changes.
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FIGURE 2

VD = vessel density; PD = perfusion density.

Intervention-related changes before and after the anesthetic injection. Values are presented as mean +/— standard deviation. The symbol (*) indicates
the statistically significant changes (p < 0.05) from pre- to post-anesthesia measurement. (A) Changes observed when the data of all participants were
evaluated (n = 20). (B) Changes observed when the data of all participants with DM were evaluated (n = 10). (C) Changes observed when the data of all
participants with RVO were evaluated (n = 10). (D) Changes observed when the data of participants with OCTA image quality < 6 were excluded (n = 17).
(E) Changes observed in the DM group when the data of participants with OCTA image quality < 6 were excluded (n = 8). (F) Changes observed in the
RVO group when the data of participants with OCTA image quality < 6 were excluded (n = 9). DM = diabetes mellitus, RVO = retinal vein occlusion,
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Despite being a prospective study, we acknowledge several
limitations and shortcomings. A principal limitation is the modest
sample size, despite the extended recruitment period. This might
have reduced the precision and have limited the power of the
study to detect small perfusion changes. Recruitment was con-
strained by the additional testing burden, which impacted theatre
workflows, and by the high appointment load commonly faced by
patients with DM and RVO (e.g., frequent intravitreal injections),
reducing willingness to undergo extra imaging. Furthermore, sev-
eral initially enrolled patients were excluded because high-quality,
artefact-free OCTA images—particularly in the intervention
eye—could not be obtained. A further limitation of this study was
that the type of cataract and the degree of nuclear sclerosis were
not systematically documented. As these parameters are not rou-
tinely assessed or recorded in our clinical practice, they were
unavailable for analysis. Consequently, it was not possible to
evaluate the influence of specific cataract characteristics on image
quality, including OCTA signal strength and overall image
reliability.
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Furthermore, glaucoma—particularly normal-tension glau-
coma—was not an exclusion criterion. This may represent an addi-
tional limitation, as these patients may exhibit reduced perfusion of
end organs, including the optic nerve head and retinal microvascula-
ture. Additionally, the scan dimensions were not standardized in our
OCTA protocol. Therefore, some investigators acquired 3 x 3 mm
field of view images, while others used 6 x 6 mm fovea-centered scans.
This inconsistency was only identified after study completion during
data evaluation. In total 7 patients received a 6 x 6 mm field of view
measurement, two of which were later on excluded from the study due
to too low image quality. For 6 x 6 mm scans, analysis was restricted
to the central 3 mm (perifoveal 3-6 mm ring excluded) to improve
comparability with 3 x 3 mm data. As 3 x 3 mm OCTA generally
affords higher spatial resolution and sensitivity for detecting micro-
vascular changes (Ho et al,, 2019), the 6 x 6 mm subset may have
reduced spatial sensitivity. Notably, each fellow control eye was
acquired with the same scan size as its intervention eye, maintaining
within-subject comparability. Patients with glaucoma and the OCTA
scan field size have been identified in the raw dataset provided in the
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TABLE 4 Descriptive information of patients with SSI > 6 (n = 17).

Patients with SSI > 6 Pre intervention Post intervention p-value Change in Changein %
absolute value

Age (years) 70.8 (9.8)

Sex”, female/male 9/8

Systolic BP (mmHg) 156.8 (32.6) 154.2 (30.1) 0.51 —2.5(15.3) -1.6

Diastolic BP (mmHg) 88.4 (15.4) 87.5(13.7) 0.79 —0.9 (13.3) -1.0

Intervention eye

IOP (mmHg) 182 (5.1) 18.2 (4.0) 0.92 0.08 (3.5) 0.4

Time to intervention (min) 10.0 (6.1)

Time after intervention (min) 7.5 (4.6)

Quality of OCTA 8.4(1.5) 8.0 (1.5) 0.16 —0.4 (1.0) —4.8

VD (mm/mm?) central 6.6 (3.5) 6.3 (3.4) 0.63 —0.3 (2.3) —4.5

VD (mm/mm?) inner 15.1 (4.3) 14.4 (4.1) 0.16 —0.7 (1.9) -4.6

VD (mm/mm?) full 14.2 (3.9) 13.6 (3.8) 0.17 —0.61 (1.8) —4.3

PD (%) central 13.2 (6.9) 12.2 (6.4) 0.41 —0.94 (4.6) -7.1

PD (%) inner 30.8 (7.1) 29.7 (6.9) 0.38 —1.1(5.01) -3.6

PD (%) full 29.4 (6.2) 28.0 (6.3) 0.19 —1.4(4.3) —4.8

Control eye

IOP (mmHg) 17.2 (4.1) 17.4 (4.3) 0.70 0.3(2.8) 1.7

Time to intervention (min) 10.5 (7.8)

Time after intervention (min) 10.2 (4.6)

Quality of OCTA 8.8(1.5) 8.8(1.1) >0.99 0.0 (1.3) 0.0

VD (mm/mm?) central 8.3(3.3) 8.6 (2.8) 0.79 0.26 (4.0) 3.1

VD (mm/mm?) inner 16.9 (4.4) 17.3 (3.4) 0.60 0.4(3.2) 24

VD (mm/mm?) full 16.0 (4.1) 16.3 (3.2) 0.69 0.3(2.9) 1.9

PD (%) central 16.2 (7.3) 16.6 (5.5) 0.85 0.4 (9.3) 25

PD (%) inner 34.1(7.3) 35.0 (5.5) 0.63 0.9 (7.7) 2.6

PD (%) full 32.7 (7.0) 33.2(5.1) 0.74 0.6 (6.6) 1.8

Values are presented as mean (standard deviation), except for variables marked with #, which are reported as counts. p-values were calculated using the paired t-test. SSI = signal strength
index, IOP = intraocular pressure; BP = blood pressure; OCTA = Optical Coherence Tomography Angiography; VD = vessel density; PD = perfusion density; Change (absolute) = numerical

change from pre- to postintervention (in the original units of the variable), Change (%) = the relative change from pre- to postintervention, expressed as a percentage.

Supplementary material. Further, although imaging was performed
immediately pre-block and again within minutes post-block to cap-
ture acute vasomotor/pressure effects, the post-intervention scans
were acquired at 7.7 £ 5.5 min, which may have coincided with time-
dependent normalization of intraocular pressure and perfusion.
Finally, some eyes in both the DM and RVO groups had macular
edema at the time of cataract surgery and, consequently, during the
study imaging. This factor was not analyzed separately, which may
have influenced our results.

Conclusion

In conclusion, our study did not identify any significant reduction
in VD or PD following sub-Tenon anesthesia when accounting for the
OCTA image quality. These findings support the further use of sub-
Tenon anesthesia even in patients with retinal perfusion deficits such
as those with DM and RVO. Additionally, the study highlights
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vulnerability of OCTA metrics immediately after periocular anesthe-
sia. Larger-scale research and optimized imaging techniques may help
provide more insight into any potential subtle hemodynamic effects
of this anesthesia technique.
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