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Purpose: Conjunctival properties are known to influence the fate of glaucoma filtration surgeries but are hard to quantify in clinical 
practice. Therefore, the aim of this study was to investigate the predictive potential of anterior segment optical coherence tomography 
angiography (AS-OCTA) measured preoperative surgical site vessel density (SSVD) for secondary intervention and intraocular 
pressure (IOP) after Preserflo Microshunt implantation (PMI). Moreover, association of clinical preoperative conjunctival hyperemia 
grading (HG) with secondary intervention, SSVD and IOP was assessed.
Methods: In 23 open angle glaucoma patients, preoperative AS-OCTA measured SSVD and slit lamp photography-based HG were 
assessed. After PMI had been performed, patients were clinically followed for 6 months and secondary interventions as well as topical 
medications (MEDs) were recorded. The predictive value of SSVD and HG for secondary interventions was assessed using logistic 
regression modelling and their correlation with each other and with IOP was tested.
Results: Secondary interventions were performed in 3 of 23 patients. SSVD (p = 0.0339, area under the receiver operating 
characteristics curve (AUROC): 0.8167) but not HG (p = 0.7719, AUROC: 0.5750) was predictive for secondary interventions 
until 6 months after primary surgery. No correlations between SSVD/HG and IOP at any timepoint were detected (p > 0.05 for all 
timepoints). The number and type of preoperative MEDs were not predictive for secondary interventions and were not correlated with 
SSVD or HG (p > 0.05 for all analyses).
Conclusion: In this exploratory study preoperative AS-OCTA measured SSVD, but not clinical HG was a promising biomarker with 
predictive potential for surgical success of PMI. Confirmation of results in large scale studies is necessary and interventional trials are 
needed to evaluate whether vessel density based clinical decision making enhances clinical outcomes after filtration surgery.
Keywords: anterior segment optical coherence tomography angiography, vessel density, surgical success, Preserflo Microshunt

Introduction
Intraocular pressure (IOP) is still the only modifiable risk factor for glaucoma. When conservative IOP lowering 
strategies do not sufficiently slow or prevent disease progression or are not tolerated, surgical IOP lowering is performed. 
Current bleb-forming approaches (ie, Trabeculectomy (TE),1 Preserflo Microshunt implantation (PMI),2,3 and Xen Gel 
implantation (XGI))4,5 are highly dependent on proper filtration bleb function and IOP increase secondary to bleb fibrosis 
is one of the most common postoperative complications.6 In these cases secondary interventions (ie, needling, open 
revision) are performed to reestablish filtration properties.

Recently, bleb vessel density evaluation using anterior segment optical coherence tomography angiography (AS-OCTA) has 
been successfully utilized to discover early postoperative biomarkers for future surgical success/IOP, both after TE7–9 and PMI.10

While comparable preoperative AS-OCTA based biomarkers are scarce for TE11 and lacking for PMI, it is, however, 
well-known that preoperative conjunctival properties also largely influence the outcome of filtration surgeries.12 

Specifically, ocular surface disease (OSD), which is – in the context of glaucoma – often caused or deteriorated by 
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topical IOP lowering therapy itself or adjuvant preservatives (eg, benzalkonium chloride), is known to be a risk factor for 
bleb failure.12–16 In the last decades, therefore, extensive research has been conducted to characterize preoperative 
conjunctival changes down to the microscopic (high goblet cell density,17 low dendritic cell density18), and molecular 
level (MUC5AC+19) that are associated with surgical success. However, clinically readily-usable biomarkers predicting 
surgical success are scarce and AS-OCTA imaging offers potential to close this diagnostic gap.

Therefore, as a preoperative application of our previously published postoperative AS-OCTA findings,10 the aim of 
this study was to investigate the predictive potential of AS-OCTA measured preoperative surgical site vessel density 
(SSVD) for secondary intervention after PMI. Moreover, clinical conjunctival hyperemia grading (HG) and its associa
tion with both SSVD and secondary interventions was assessed.

Materials and Methods
Study Design and Patient Selection
Approval for this single-center study was obtained from the Ethic Committee of the Johannes Kepler University (EC-No. 
: B-142-17). Before study inclusion, written informed consent was given by every patient. We adhered to the tenets of the 
Declaration of Helsinki during all study-related procedures.

Criteria for inclusion to the study were a diagnosis of open-angle glaucoma (primary open-angle glaucoma, 
pseudoexfoliation glaucoma or pigment dispersion glaucoma) and indication for PMI. Indication for surgery was defined 
as: maximal tolerated IOP-reducing medical therapy AND uncontrolled IOP > 21 mmHg and/or visual field (VF) 
progression as tested using the 30–2 SITA fast algorithm of Humphrey Field Analyzer II 750 (Carl Zeiss Meditec Inc., 
Dublin, CA, USA) and/or progressive retinal nerve fiber layer thickness reduction as measured using Spectralis OCT 
(Heidelberg Engineering, Heidelberg, Germany). Exclusion criteria were secondary glaucomas (except the named), angle 
closure glaucoma and previous filtration surgery.

Preoperative Therapeutic Regimen, Limbal Marking, Slit Lamp Photography and 
AS-OCTA Imaging
Once scheduled for surgery, patients were switched to preservative-free (PF) topical therapy and Monodex® (dexa
methasone) topical steroids were prescribed 10 days before surgery four times daily, according to our clinical standard.

At the day of surgery limbal marking of the targeted site of PMI was performed. Afterwards photographs of the 
surgical site were taken using a standard slit lamp photography setup and 10x slit lamp magnification. Finally, AS-OCTA 
measurements (PLEX Elite 9000; Carl Zeiss Meditec, Dublin, CA, USA) were performed at the surgical site.

Preserflo Microshunt Implantation
PMI surgical technique and medical device specifications (Santen Pharmaceutical, Osaka, Japan) have been published 
elsewhere.2,3 In short, the PM is made from poly(styrene-block-isobutylene-block-styrene) (SIBS), which is highly 
biocompatible and bioinert, and the medical device has the following basic dimensions: length: 8.5 mm, outer diameter: 
350 µm, inner diameter: 70 µm.

Mitomycin C (MMC) augmented PM implantation in the supero-temporal or supero-nasal quadrant was performed 
under subtenon or general anesthesia. After dissection of the conjunctiva, three sponges soaked with 0.02% MMC were 
applied for 3 minutes. Then, the scleral pocket and tunnel to the anterior chamber were created before the PM was placed 
in the tunnel and introduced into the anterior chamber until the fins were securely placed inside the scleral pocket. 
Finally, the implant was flushed with balanced saline solution and flow was visualized. Interrupted, resorbable sutures 
were used for conjunctival wound closure.

Postoperative Treatment and Examinations
Following our clinical standard, Ofloxa-Vision® sine (Ofloxacin) PF antibiotic eye drops for 1 week and dexamethasone 
eye drops tapered over 12 weeks were prescribed postoperatively. One (POW1), 2 (POW2) and 4 week(s) (POW4), as 
well as 2 (POM2), 3 (POM3) and 6 months (POM6) after surgery, slit-lamp examinations and IOP measurements were 
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performed. Number and type of IOP lowering medications (MEDs) and necessity as well as type of secondary 
interventions (needling, open revision, glaucoma drainage device (GDD)) were recorded. A secondary intervention 
was offered according to a predefined protocol as used in a previous study:10 If postoperative IOP exceeded the target 
pressure as preoperatively defined according to the guidelines of the European Glaucoma Society20 and no bleb or 
a scarred bleb was clinically visible. Depending on fulfilment of the endpoint “secondary intervention” patients were 
allocated to one of the two outcome groups.

AS-OCTA Scan Acquisition and Image Analysis
All AS-OCTA images were acquired using the PLEX Elite 9000 OCTA in combination with a 10 dpt anterior segment 
add-on lens. Basic principles of AS-OCTA image processing and surgical site vessel density (SSVD) calculation were 
similar to an already published protocol.10 Figure 1 shows image post-processing in a representative case with 
subsequent secondary intervention (Figure 1A–C) and in a patient without secondary intervention (Figure 1D–F). The 
current approach differed as follows: The distal end of the limbal marking was located in the best suited corresponding 
structural AS-OCT B-scan, and the Y-axis overlay was placed at the corresponding A-Scan location. The resulting cross- 
hair overlay was automatically translated to the full thickness AS-OCTA slab (Figure 1A and D). The distal end of the 
limbal marking was used as a reference location for all images. Images were exported to Fijii ImageJ21 for all further 
processing. Motion artifacts were removed using a fast-Fourier transform (FFT) bandpass filter as published 
previously10,22 before an obliquely rotated elliptical region of interest (400 x 800 px diameter) was placed between 
the X- and Y-axis of the cross-hair overlay (Figure 1B and E). It was, thus, positioned in the area of the future surgical 
site. Binarization using the Otsu algorithm23 and vessel density calculation were performed as previously published 
(Figure 1C and F).10

Clinical Hyperemia Grading
According to a five-step grading scale,24 conjunctival hyperemia was graded by one experienced glaucoma consultant 
(A-S.R) blinded to the patients’ group assignment. Figure 2 shows representative slit lamp images of one patient with 

Figure 1 AS-OCTA-Image processing workflow. (A–C) Representative OCTA-image and processing steps of a patient with subsequent secondary intervention. (D–F) 
Representative OCTA-image and processing steps of a patient without secondary intervention. OCTA-Images with XY-axis overlay (turquois horizontal/violet vertical line, 
placed at distal end of limbal marking) were exported to ImageJ (A and D) where motion artefacts were removed by a fast-Fourier transform bandpass filter and an oblique 
elliptical ROI (red ellipse) was placed between the XY-axis overlay (grey horizontal/white vertical line, (B and E)) before the ROI was binarized using Otsu thresholding 
algorithm (C and F) to calculate surgical site vessel density.
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subsequent secondary intervention (Figure 2 left) and of another patient without secondary intervention (Figure 2 right) 
in the upper row and the corresponding binarized AS-OCTA image in the lower row.

Statistical Analysis
All values were presented as means ± standard deviation (SD) unless otherwise indicated. Logistic regression modelling 
was used to evaluate the predictive value of SSVD for the dependent dichotomic variable (“secondary intervention” no 
“secondary intervention”). A likelihood-ratio test was used to evaluate the significance of the independent variable. 
Moreover, receiver operating characteristics (ROC) curves, areas under the receiver operating characteristics curves 
(AUROC) and odds ratios (ORs), together with 95% confidence intervals of AUROCs and ORs were presented. The chi 
squared trend test was additionally used to analyse whether distribution of the categorial variable “conjunctival 
hyperemia” is different between the two outcome groups. Pearson bivariate correlation was used to evaluate associations 
of continuous and categorial variables. No formal sample size calculation was performed due to the exploratory nature of 
this study and the lack of prior studies on SSVD upon PMI. We, nevertheless, estimated that a similar sample size as in 
a previous analysis of our group on postoperative bleb vessel density after PMI10 (n = 23) would be sufficient. Prism 10 
(GraphPad Software, Boston, MA, USA) was used for statistical testing and graph production.

Results
Study Subjects, Secondary Interventions and Baseline Characteristics
Twenty-five patients with POAG were included in this study. Two patients were excluded from the final analysis: One 
patient did not complete the study due to withdrawal of consent and in one patient no preoperative AS-OCTA could be 
performed due to insufficient compliance. Baseline characteristics of the whole cohort and stratified by necessity for 
secondary intervention (SI) are displayed in Table 1..

Figure 2 Slit-lamp photographs for clinical conjunctival hyperemia grading and corresponding binarized AS-OCTA image for vessel density calculation. Left: representative 
images of a patient with subsequent secondary intervention. Right: representative images of a patient without secondary intervention. 
Abbreviation: SI, secondary intervention.
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Postoperative Course of IOP/MEDs and Necessity for Secondary Intervention
In the whole cohort, IOP was 8.26 ± 2.70, 8.39 ± 2.57, 12.61 ± 8.31, 12.13 ± 5.50, 12.50 ± 6.97 and 12.68 ± 3.76 mmHg 
1, 2 and 4 week(s) as well as 2, 3 and 6 months after surgery, respectively. IOPs at the respective timepoints were 8.40 ± 
2.85, 8.2 ± 2.85, 9.85 ± 2.78, 10.60 ± 2.72, 10.60 ± 3.35 and 12.15 ± 3.45 mmHg in the “no SI” outcome group and 7.34 
± 1.15, 9.67 ± 1.53, 31.00 ± 10.15, 22.34 ± 9.07, 31.50 ± 3.54 and 18.00 ± 2.83 mmHg in the “SI” outcome group. Apart 
from one patient at POM6, in whom one MED was initiated, there was no necessity for MEDs in the “no SI” group. In 
the “SI” group, however, median MEDs count was zero at POW1–4, three at POM2 and POM3 and two at POM6. The 
time course of IOPs in the two outcome groups is visualized in Figure 3, with black dots representing IOPs in the “no SI” 
group and red squares representing IOPs in the “SI” group.

In three patients, secondary interventions (three needlings, one open revision, one GDD implantation) were performed 
during the 6 months follow-up.

In all three patients, the first secondary intervention was a needling, which was performed 34 days (two patients) or 
42 days (one patient) after primary surgery. One of the three patients refused further surgery after one unsuccessful 
needling, in one patient subsequent open revision was performed and in the third patient a GDD implantation (Ahmed 
valve) was performed. These events are highlighted in Figure 3 with dotted red lines and marked with N (needling), OR 
(open revision) and GDD (glaucoma drainage device, ie, Ahmed valve).

Table 1 Baseline characteristics

Whole Cohort SI No SI

N 23 3 20

Age (years) 67 ± 13 72 ± 15 66 ± 14

Sex (f/m) 9/14 1/2 8/12

OAG type (POAG/PDG/PEG) 11/5/7 1/0/2 10/5/5

IOP-pre OP (mmHg) 24 ± 5 25 ± 2 23 ± 5

MEDs-pre OP 3.0 ± 1.0 3.7 ± 0.6 2.9 ± 1.0

IOP-post OP (mmHg, POW1) 8.30 ± 2.12 9.60 ± 1.84 7.31 ± 1.80

Timepoint of SI (days, median, min–max) N/A 34, 34–42 N/A

Abbreviations: SI, secondary intervention; (P)OAG, (primary) open-angle glaucoma; PDG, pigment disper
sion glaucoma; PEG, pseudoexfoliation glaucoma; IOP, intraocular pressure; OP, operation; POW1, post
operative week 1.

Figure 3 Time course of intraocular pressure (IOP) in the two outcome groups. IOPs are presented as mean ± SD. 
Abbreviations: N, needling; OR, open revision; GDD, glaucoma drainage device.
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Association of Preoperative SSVD and HG with Secondary Interventions
Logistic regression modelling revealed that preoperative SSVD was associated with necessity of secondary interventions 
until 6 months after primary surgery (likelihood-ratio test p-value = 0.0337, OR (95% CI) = 1.193 (1.013–1.524)) and 
AUROC (95% CI) was 0.8167 (0.5409–1) (Figure 4 left plot). Preoperative HG was, however, not predictive for 
secondary interventions (likelihood-ratio test p-value = 0.7719, OR (95% CI) = 1.306 (0.1672–8.123), chi squared test 
for trend p-value = 0.7711, AUROC (95% CI) = 0.5750 (0.2545–0.8955), Figure 4 right plot). Please note that ORs for 
SSVD and HG are not directly comparable as units are different.

Correlation of Preoperative Vascularity Parameters and Their Correlation with 
Postoperative IOP
Preoperative SSVD and clinical HG did not correlate significantly (r = 0.377, p = 0.075). No significant correlations 
could be found for preoperative SSVD or clinical HG and IOP at any timepoint or parameter (r between −0.259 and 
0.276, p >0.05 for all timepoints). Correlations with IOP are summarized in Table 2.

Figure 4 Receiver operating characteristics curves for preoperative surgical site vessel density (SSVD) and clinical hyperemia grading (HG).

Table 2 Correlations of preoperative SSVD or preoperative HG with IOP

IOP Measurement Timepoint Preoperative SSVD Preoperative HG

Pearson r p Pearson r p

preoperative 0.276 0.202 0.102 0.643

POW1 −0.124 0.574 0.143 0.517

POW2 −0.099 0.655 −0.136 0.537

POM1 0.259 0.232 0.001 0.997

POM2 0.218 0.356 −0.186 0.433

POM3 0.069 0.771 −0.266 0.257

POM6 −0.111 0.642 −0.259 0.271

Abbreviations: IOP, intraocular pressure; SSVD, surgical site vessel density; HG, hyperemia 
grading; POW, postoperative week; POM, postoperative month.
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Association of Preoperative MEDs with Secondary Interventions and Preoperative 
Vascularity Parameters
The number of preoperative MEDs was borderline not predictive for the necessity of secondary interventions (logistic 
regression LHR-test p-value = 0.079, OR (95% CI) = 6.510 (0.8473–156.5), AUROC (95% CI) = 0.767 (0.4878–1.000)) 
and it did not correlate with preoperative SSVD or clinical HG (SSVD: r = 0.183, p = 0.402; HG: r = 0.040, p = 0.857). 
Also, no type of preoperative MED was predictive for necessity for secondary intervention (Fisher’s exact test p-values 
between 0.538 and 0.999) and none of the types correlated with SSVD/HG (PGA: r = 0.223/0.031, p = 0.307/0.888, BB: 
r = 0.114/0.139, p = 0.603/0.528, CAI: r = 0.056/0.060, p = 0.801/0.786, AA: r = 0.110/−0.012, p = 0.618/0.957).

Discussion
In this exploratory, prospective, longitudinal study, preoperative surgical site vessel density but not clinical hyperemia 
grading was found to be a promising biomarker with predictive potential for secondary intervention until 6 months after 
PMI. No significant correlation was identified between the two preoperative vascularity parameters, and also no 
correlation to IOP at any timepoint was found.

IOP drop and time course of postoperative IOP as well as number of necessary secondary interventions were 
compatible with already published data for PMI.25,26

We are aware of two prior AS-OCT studies27,28 and one AS-OCTA study11 evaluating conjunctival properties prior to 
TE. To the best of our knowledge our study is, however, the first to evaluate preoperative AS-OCTA based biomarkers 
for their ability to predict surgical outcome after PMI. Mastropasqua et al, using structural AS-OCT, found reduced 
preoperative stromal, epithelial and full conjunctival thickness to be lower as well as hyperreflectivity to be higher upon 
surgical failure,27 while Agnifili et al, using a multivariable machine learning-based approach (conventional statistical 
methods did not identify significant predictors), found increased stromal thickness, higher reflectivity and younger age to 
be the most important predictors for failure.28 The authors stated that differences in topical therapy may cause the 
conflicting results,28 as conjunctival thickness seems to also be dependent on substance class specific properties of topical 
MEDs (eg, stromal atrophy due to prostaglandin analogues).28,29 Therefore, reduced generalizability of this structural 
thickness parameter may limit its potential as a predictive biomarker.

As increased vascularity is known to be a common feature of inflammation ultimately leading to (susceptibility for) 
fibrosis and bleb failure,30,31 objective and reproducible biomarkers of vascularity, as assessed in our current study, may 
be a promising approach. In this context it should be mentioned that preoperative surgical site vessel density was 
independent of the number and type of topical MEDs in our analysis. Similarly to our results for PMI, Hayek et al found 
preoperative conjunctival vessel density to be predictive for needling necessity 1 and 6 months after TE.11 Divergent to 
our results after PMI, Hayek et al11 also found a correlation between preoperative vessel density and pre- and post
operative IOP. We speculate, that one reason for the discrepancy could be differences in included types of glaucoma 
(OAG vs OAG/ACG/angle-recession glaucoma) as the isolated effect of preoperative conjunctival status on filtration 
surgery success might be variable. Moreover, also device/procedure specific reasons could play a role in this finding: In 
fact, although this was previously shown to hold true for TE,7 we did not observe any correlations to postoperative IOPs 
at any timepoint either in a previously published longitudinal study, in which we found 2 and 4 week’s bleb vessel 
density to be predictive for secondary interventions until 12 months after PMI.10 Finally, we believe that missing 
correlation after needling timepoints can be related to successful IOP-lowering following the procedure.

Applicability of objective AS-OCTA preoperative vascularity biomarkers across different types of filtration surgeries 
as seen for surgical site vessel density in this study is in line with previous data on predictive AS-OCTA based 
biomarkers of the postoperative phase for surgical success. Indeed, it was shown that postoperative bleb vessel density 
is both predictive for surgical success after TE7–9 and PMI,10 while this was the case for commonly used structural bleb 
parameters (bleb wall thickness, total bleb height) only after TE32,33 and not after PMI.34

Lacking predictive value of preoperative hyperemia grading may be attributable to its subjective nature and reduced 
observability of deeper structures which limit the applicability of clinical grading scores for filtration surgery.35,36 In 
contrast, AS-OCTA serves as an objective tool to quantify whole tissue vascularity integrating intravascular flow 
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information of both conjunctival and (epi)scleral layers. Concerning the contribution of deeper layers, Luo et al – upon 
cross-sectional postoperative AS-OCTA based bleb evaluation after TE – identified vessel density in the Tenon’s rather 
than in superficial bleb layers to be positively correlated with IOP, while vessel densities in all layers were lower in 
successful blebs.37 This information is, however, hard to interpret as little is known on a potentially differential (patho) 
physiological role of blood vessels in different bleb layers. One can only speculate that blood vessels in different layers 
could either have positive or negative effects.

Our current study has several strengths. First of all, the longitudinal design with prospective inclusion of patients 
should be mentioned. This allowed us to follow patients longitudinally to evaluate the predictive value of preoperative 
parameters and minimize selection bias on a subject level.

Secondly, by preoperative limbal marking of the surgical site clock hour we ensured AS-OCTA image acquisition 
took place in the correct region and by defining a standardized ROI location as well as shape/size we 
increased comparability between study subjects.

Thirdly, motion artefacts are a crucial issue to be dealt with in AS-OCTA, as motion-tracking is not as readily 
available as in posterior segment OCTA. We, therefore, used a FFT bandpass filter during image postprocessing to reduce 
their influence on vessel density calculation.

Fourthly, as in our previous study, which evaluated the predictive value of postoperative AS-OCTA measured bleb 
vessel density for surgical success after PMI,10 we – again – decided against an IOP-based surgical success definition due 
to various reasons. First of all, although the WGA has published recommendations on IOP-based endpoint definitions, 
they acknowledge that there is no single IOP value suitable as a universal endpoint and, therefore, advocate for 
presentation of results using various cut-offs.38 In studies on AS-OCT/A based conjunctival/bleb parameters this is, 
however, rarely done, leading to a myriad of studies that are poorly comparable. Moreover, we wanted to prevent 
individual misclassification as surgical failure, only due to exceedance of an arbitrary IOP cut-off. Finally, we believe 
that this endpoint is well-suited to be used in interventional clinical trials. Such trials are needed to confirm the predictive 
value of AS-OCT(A) based parameters around filtration surgeries. Furthermore, patients would be allocated to intensified 
or loosened follow-up schemes based on their AS-OCT(A) biomarkers and these schemes would be compared to 
standard care. We acknowledge that selection of “necessity for secondary intervention” as endpoint poses a certain 
risk for subjectivity if precise decision-making criteria for secondary intervention are lacking. We, therefore, meticu
lously monitored adherence to the above-mentioned predefined decision protocol upon decision-making to offer 
secondary intervention.

This study has some limitations that warrant discussion. First of all, obviously, the rather small sample-size of 23 
analyzed patients should be mentioned. To partly compensate for that we aimed at a homogenous study cohort by 
including filtration-surgery naïve primary open-angle, pseudoexfoliation and pigment dispersion glaucoma patients only. 
Moreover, we present significant results, which is indicative of a sufficient sample size to detect effects. We, however, 
acknowledge that – considering the sample size – borderline results need to be interpreted with caution. Finally, the small 
number of only three events renders results from logistic regression analysis fragile. Although statistically significant, 
they should, therefore, be interpreted with the necessary caution due to a certain risk of model overfitting.

Secondly, we decided against separated, depth-resolved analyses but analyzed full-thickness slabs instead. This was 
mainly due to a lack of readily available segmentation algorithms that are easily implemented in clinical workflows 
elsewhere, which would hinder generalizability. We balanced these considerations against the possible gain of novel 
(patho)physiological insights but decided in favor of the simpler protocol.

Additionally, due to the exploratory nature of this analysis, assessment of SSVD was performed by only one author 
(MK) experienced in quantitative AS-OCTA analysis and no formal analysis of intra- and inter-observer variability was 
performed. While we regard the risk of marked variability as low due to the above-mentioned standardized and objective 
workflow, intra- and interclass correlation coefficients of SSVD should be assessed in future large-scale studies.

Finally, as an observational study, this investigation cannot answer the question of whether AS-OCTA-measured 
vessel density-based decision making (eg, higher antifibrotic concentration in high vessel density cases, looser follow-up 
intervals, or lower antifibrotic concentration in low vessel density cases) enhances surgical success and/or reduces rate of 
complications and, therefore, larger scale interventional trials are needed.
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Conclusions
In conclusion, in this exploratory analysis, preoperative surgical site vessel density was predictive for secondary 
intervention until 6 months after PMI, while no such pattern could be found for preoperative clinical hyperemia grading. 
No correlation with IOP at any timepoint was found for surgical site vessel density or hyperemia grading. This study adds 
to the body of evidence that AS-OCTA measured vessel density could be a promising predictor for surgical success of 
filtration surgery, with flexible applicability, both with respect to the timepoint relative to surgery (preoperatively and 
early postoperative phase) and the type of surgery (TE and PMI). Larger studies are necessary to confirm our promising 
finding and interventional trials are needed to evaluate whether vessel density-based clinical decision making enhances 
clinical outcomes after filtration surgery.
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